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I enclose a copy of our publication, '.'Sc=e Experiments on the 
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contained in this paper was sucmarized from progress reports to the AEC 
and gives the essential details of the experi=entation at Burris Park. 
I also enclose some pertinent information on the closing of the site. 
This was photocopied frou the original reports to the AEC. 
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know. 
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rv. H0Pu.h1> AND BURRIS PAR!< FIELD S!A!IONS Ah1> LYS Il1E'l'ER AREA 

A! DAVIS. 

Both Field Stations were carefully maintained but no successful 

ex?e.riments were carrled out in these areas during the past year. 

Permission for further use of the Burris Park Station was negoti-

ated by the Regents of the University and the Soard of Supervisors of 

Kings County. A contract has been drawn up extending the use of the 
""~.: 

site until May 10, 1965. Even so, it is our opinion that preparations 

!or discontinuing this station should be made in the near future. !he 

area is not within complete control of the University and we feel that 

it may become a future source of embarrassment because of the sizeable 

amounts of Sr 90 deposited there and the sensitivity of the general 

public to anything radioactive. According to the terms of our original 

agreement with Kings County 1 the Burris Park station was to be termin-

ated eventually by covering the plots with a slab of concrete. Ye 

believe that this can be done within the limits of our requested 

budget. 

In the Progress Report of 19581 data were presented on the uptake 

of Sr 90 by barley plants from soil in which the Sr 90 was placed at 

cifferent depths in the soil profile. In that experiment it was found 

that the uptake of Sr 90 by barley was markedly reduced as the Sr 90 

~as placed increasingly deeper in the soil profile. As a result, it 

vas suggested that a reduction of Sr 90 entry into food chains might 

be accomplished by deep plowing a contaminated field. With this in 

mind it was thought that studies of other plant &pecies with other 

rooting habits should be initiated. A5 barley is a rather shallow 
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·. 
!feet of cepth of plac~ent on Sr 9~ U?t~~e by pl=r.:s. ~ J~~e 7, l$63 

eptc.ocr 9, 1963 and are no;; being p-rcparc:ci for ana1ys is. 

eters. This ~as :o ?I"ovide i~:o~~ti~n en chc ciffusic~ of Sr 90 in 

:~e period since :".ay 1957. It will be recalled th.:lt th~ b<mds of Sr 90 

ue originally only a few millbeters thick. Also, wit:-. the possible 

~ception of the 2 inch band, the soil in the b.:lnd a-re~s ha.s not been 

~ysica1ly dis:u:-~cd. P.o~~ver, since t~~i= installation, the lysir.eters 

~replanted to barley (1957), to Alt.:1 Fescue (lS62), .:ln~ to pole beans 

)¢3). The pr~s~nt distrib~tion of Sr 50 fer the 2 inch, l foot, 2 

:.00t, and 3 foot placoc:nts is sho•:n in Fi~-.:rcs 3, 4, 5, and 6. As cay 

~seen frc~ the figures, a con~icerable ~ount of diff-.:sion of the 

; 90 h3S occurred in the 72 month period. 

According to our best info:-=aticn, t~c ly~~ctcr ~=c.:l ~ill be 

.. 
iysil:lctars c.an be transferred to a new lysi=cter setup ..:hich is to be 

~ilt ~ith site clearance fun~~ and a.nother crop will ~e grown during 

~e c~ing year. If this is not possible, the t.anks 'Will be stored for 

-;he ti!:le being on University property. 

1 'I:-::, EUR.~IS ?.:._~K A:-o'D HOPI.-\ND FIELD STATIC;:s • 
• 

As projected in the 1961-1962 Progress Re?ort, the :Burris Park Field 

.~•pped ••!• ... h reinforced concr~~c. Sft- ~n t~e c~---ccc l.·s - ~·o~-c pl~te :;.. -- -- .,._ - .. -··-- ... ""• .. _ .. 

-·····-:-~.::. 
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... :it~ t~e 
. . . ::.:1scr:.?::...:.::: . . . . ' 

r:l~~-~...:=-:.~z c: stronti~ 

':'his ... -··_.-

!~e site h~s bee~ r~tu~cd to the Supc=vi~o~s of Ki~~s Co~nty. It will be 

used as a storage area for the present ~nd eventually as a fo~ndation for 

a bcilci~g in Ecrris ?ark. 

Eccause the E~rris Park Field Station h~s been tc-rr.:i::~:cd and because 

work at the Davis lys~c:cr ~=~~ is to be disr~pted, we pl~n :o reactivate 

the P.opb::d Ficlc St~ticn. -:::1.iz st:.tio:1 is :::.:1 .l rc.=otc region on Univcr-

sity pro?erty. It consists of 7 plots th.lt ~v~ been tre~ted vith Sr 90 

and ~ ~::treated plots. Accorcin~ to cur pl~::s, th~ cntrc~t~d plots vill 

be used to study the upt~ka o: short-lived ::::.~sion ?rodccts, especi.llly 

Ru lC6, by various crops. 

T!':.e use of cc:=Jcrcially produced silicc::~ coating agents for the 

~obili:ation of adsorbed fission products in soils will be investigated 

further. The effectiveness of the product, ~c;-~ 101 and other available 

age:ltS vill be investigated bo~h in t~e labor~tory ~~d in th~ growth 

c!!a:4ber. 

The anat~ic3l and physiologic~l cffec:s vn ?l~nts of V3rious bet~ 

e.::itt~rs in soil will be studied. Attc.~?tS ...:il.l be :::ace to establish 

threshold levels of injury to crops. 
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The possibility that large areas o£ the landscape could become 
-. a)ota.mioated with Strontium 90 through fallout or reactor aa:i· 

dents has necessitated studies of means of decoomminating soils 
containing radio-strontium. In this "'''"''rk three possible methods 

· were investigated: 1) displacement by electrolytes and leaching; · 
· 2) physical immobilization using asphalt preparations; and 3) 

plaCement at depth. - - _ 
. Of the various electrolytes used, ferric chloride and hydrOchloric 

. acid were most effective. The use of the electrolytes followed by 
- lea_ching'With 5 feet of irrigation water displaced up to 90 per cent 

. of the Sr 90 below the surface 6 inches. This, however, was not 
- , sufficient decontamination so that the land could be put back into 

.. agricultural use. In addition the procedure is very expensive. 

-. 

13y spraying the soil surface with asphalt, it was found that 97 
·per cent of the Sr 90 could be removed by peeling off the hardened 
crust. When the crust was cultivated into the soil profile, however, 
the Sr ~gradually became available to plants. 

· · In order to investigate the possibility of reducing the uptake of 
Sr 90 by deep plowing, experiments vrere conducted in lysimerers 

_in which the isOtope was placed in bands at different depths in the 
soil When the soil was cropped to barley, a marked reduction of 

_ upta.ke . .of Sr 90 with depth of placement was observed. In irri
gated barley the content of strontium 90 per gram of plant material 

. wa.s reduced tenfold when the depth of placement was i.ocreased 
from 2 inches to 2 feet. 

•' 

--
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SOME EXPERIMENTS ON THE DECONTAMINATION OF 
SOILS CONTAINING STRONTIUM 90\ 

R. K. SCHUL%/ J. P. MOBERG,' ond ROY OVERSTREET' 

INTRODUCfiON 
A STt"DY of methods for decontaminating soils that contain dangerous 
amounts of Sr 90 is becoming quite ur:;ent as the use of atomic energy for 
industrial and military purposes is constantly expanded. The possible con
tamination of soils by military explosions is well recognized and accidental 
releases of Sr 90 to the landscape through reactor accidents are definite if 
somewhat remote possibilities. 

When Sr is adsorbed on colloidal clay surfaces, it is held in an exchange
able form with an adsorption energy similar to that of calcium (Krishua
moorthy and 0>"erstreet, 1950).' Also. it has been shown that when Sr 90 is 
added to soil, very little of it is fu:ed in a. nonexchangeable form, at least 
during short periods of time {Schulz. 0\·erstreet, and Babcock, 1958). From 
this knowledge and direct laboratory e~periments (0\'erstreet, 1956), it is 
known that for some time following a deposition of water-soluble Sr 90 by 
way of fallout. essentially all of the isotope remains in an e~cbangeable form 
in the immediate surface of the soiL This, of course, is a temporary con<.li. 
tion, because such agents as cultivation, drying and cracking, burrowing
rodents, worms, et cetera, will slowly incorporate the element into the soil 
profile. Thus incorporated in the soil, the Sr 90 is readily anilable to plants. 
~!any investigators (Neel et al., 1956; )!artin et al., 195i; Jacobson and 
Overstreet, 194i; Guliakin and Yudintseva, 195i) haYe shown that rela-
tively large amounts of the radioisotope are taken up and translocated by 
plants growing in soils contaminated with Sr 90. 

The general objective of the work reported here has beeu the decontami· 
nation of soils which have received a surface application of carrier-free Sr 
90. The re5earches have been conducted along three distinct lines and each 
approach is reported separately. 

• This paper ia ba!ed on work performed under eontraet number AT·{ll·l)-34, Project 
23, with the U. S. Atowe Energy Commis.sion. :Reeeind for publieation October 31, 1958. 

• Anuta.nt Specialist in Soils and Pla.nt ~utrition in the :E:rperiment Station, Berkeley. 
• ~search .A.BsiBta.ut, Department of Soils and Plallt ~utrition, Berkeley. 
• Profe,sor of Soil Chemistry and Soil Chemist in the Experiment Station, Berkeley. 
:See "Literature Cited" for eitationa referred to in text by author and date. 
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'Fig. 1. CoDstl"llc:tion of plots at Burris Park Fielu Station. 
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:Uuy,l959) Scllul: tf al.: Dteollfamiution of Soila Contai11ing Sr Stu 

1) The first procedure was the heaYy application of electrolytes foUowed 
by utensin leachiug ~ith water. B~· this means, it was hoped that the radio
isotope would be released from the soil particles and mo\'ed to lower depths 
in the soil profile. 

2) The second procedure was based on the physical immobilization of the 
Sr 90. The contaminated soils were sprayed with an asphalt tmulsion. By this 
means. the surface soil particles containing the isotope were embedded in a 
layer of asphalt and thus could be removed from the soil or plowed into the 
profile. 

3) In the third procedure, the effect of depth of placement of the Sr 90 on 
its nailabiHty to plants was studied. The intention ~as to gain information 
on the possibility of reducing plant uptake of Sr 90 by deep plowing. 

I. ADDITION OF ELECTROLYTES FOLL0\\7 ED BY 
LEACHING 

This method is analogous to procedures used in the reclamation of soils con
taining undesirable amounts of adsorbed sodium and for which there is a 
considerable background of theory and e3:perience. It ~as thought that addi
tions of strong replacing ions such asH·, ca-, and Fe- might effect a release 
of the Sr 9D to the. soil solution. Thus released. the strontium conceinbly 
could be displaced by leaching to depths in the soil profile below the major 
part of tlie root zone. 

Experimental Procedure and Results 
The e3:periments were carried out at two field stations located in areas of 
different soil and climate. One station is located at Burris Park. in Kings 
County, California. The soil of this station is a deep, nry fine sandy loam of 
the Hanford series. The chemical analysis of the soil is given in table 1. Four 
borings and a random surface composite were analyzed in order to in.-esti
gate the variability of the soil. The annual rainfall at this location is about 
10 inches. The other station "Was located at the Hopland Field Station of the 
Unh·ersity of California in ~Iendocino County, California. The soil here is 
YorkTille loam with a depth of approximately 4 feet. The analysis of this 
soil is gi~en in table 2. The annual rainfall at this location is about 40 inches. 

Each station consists of 49 plots 6' x 6', laid out in a checkerboard fashion. 
In the eonstrnction of the plots. ditches WE're machine-dug 6" wide and 30" 
deep (see figure 1), forms were placed around the top of the plots and con
crete was poured to give a curbing e::rtending 6" above the ground and 30" 
into the soil profile. The completed Burris Park Station is shown in figure 2. 

In order to apply the Sr 90 uniformly to the soil, a mechanical applicator 
was constructed. It is shown in the foreground in figure 2. Basically it con
sisted of a traveling sprinkler head which tta~erses the plots at 25 feet per 
minute while the whole assembly mows perpendicularly to the path of the 
sprinkler at the rate of 1 foot per minute. The sprinkler head was constructed 
of Incite and contained 17 holes in line spaced ~-4 inch apart. The Sr 90 was 
supplied to the sprinkler in carrier-free solution from a constant head bottle. 
At the Burris Park station a sprinkler with 0.0350'' diameter holes was used, 
which deliYered the solution at a rate of 1.65 litel'!t per minute. This rate was 

- ••. - v .... ~. ll • ... • •• ... .. - ·--- , • - •• -
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Fig. 3. Distribution of Sr 90 in Hoplaud soil profile after treatmeut. 

too high, causing running of the solution on the soil surface and resulting in 
a somewhat une>en application of Sr 90 . .At the Hopland station a ue~ 
sprinkler with 0.0250" diameter holes was used. which gaYe an application 
rate of 0.98 liter per minute and resulted in a very eYen distribution of Sr 90 
on the soil surface . 

.After the Sr 90 solution had been applied, the plots were allowed to dry 
and the following electrolytes were added in solution form: HCI, 14.9 tons 
per acre; FeCI., 22.1 tons per acre; H:SO., 20 tons per acre; CaCl:, 22.6 tons 
per acre: and ~aCl. 23.8 tons per acre. As soon as the solutions had entered 
the soil, the plots were irrigated until 5 feet of water had been applied. Fol-. 



Schul: rl al.: lJt'rOitlalllilllllioll of .Soil:< Colllailliti!J :Sr 9•J 4til 

. . 
"' .. 
.! 
.! 

0 
Ill 

" 
20 

! 22 

z• I 

Hlr ",so. 

~~ 
~" •o,.r 

Plot • 

I 

MC:I 

~ fl eater 
'ft "''' 

Ptoo z p ... 6 Pooo 

~ 
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lowing- the application of the treatments. two soil cores were dra\m from 
each plot and the distribution of the Sr 90 was determined. The results are 
presented in figures 3 to 6. 

Two HCl plots were included to g-ive information on the e~pected "raria
bility. Good duplication was obtained at the Hopland station. but a fairly 
large nriability was encountered at the Burris Park station. 

Discussion and Conclusions 
It is eYident from figures 3 to 6 that HCl and FeC13 -were most eff'ecti"re in 
remonng the Sr 90 from the surface horizons but the result differed mark
edly at the two stations. The observations are summarized in table 3 where 
the fractions of applied Sr 90 remaining in the various horizons are pre
sented for each treatment. In general it must be concluded that the decon
tamination of soils by any of the abo"t'e treatments would be nry e~pensin . 
.As an e~ample, agricultural calcium chloride costs appro~imately $100 per 
ton. Thus, the CaCI: treatment -would cost about $2,200 per acre. 

II. PHYSICAL IMMOBILIZATION OF THE Sr 90 
In new of the prohibith·e cost of soil decontamination by chemical treat
ments and leaching, the possibility of physical remonl or immobilization of 
surface contamination was inYestigated. Since in areas contaminated by way 
of fallout the Sr 90 is held initially in the immediate surface of the soil 



46!! 

.. 
w 

.s::. 
u 
c: 

c: 

·c; 
en -0 

.s::. 
Q. 
w 
0 

1000 
I 

2 

4r-
( 

6 
p 

8 

10 
( 

12 

14 
~ 

16 

18 
~ 

20 

22 

24 

26 

26 

30 
~ 

32 

34 

36 

Bilgardia 

Counts Per Minute Per Grom of Sotl 

2000 3000 4000 5000 6000 
I I I 

6 NoCI, 5 fl. Water Plot 7 

0 5 ft. Water only Plot 

7000 
·'-"" ...... 

Fig. 5. Distribution oi Sr 90 iD Burris Park soil profile after tre:~tment. 

profile, it appeared feasible to spray the land with some material which 
would enclose and immobilize the radioacth-ity. 

Experiments and Results 
With the above general approach in mind, a number of experiments were 
conducted with asphalt emulsions prepared by the American Bitumuls Com. 
pany. Four preparations were tested. Two were water emulsions of asphalt 
which were diluted with 2 parts water prior to use. The trade names oi the 
products are Lakold 'Waterproofing and Bitp.size L3L. The third prepara
tion, RCI, was a naphtha solution of asphalt Llilutetl '.Tith an Pqnal pan ·>f 
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paint thinner. The fourth product. ~!CI, was similar to the third, but tte 
asphalt was dissolved in a less volatile petroleum product. This solution was 
diluted with 1 part kerosene prior to use. 

When the Lakold preparation was sprayed on a soil surface contaminated 
with Sr 90 and allowed to harden, 9i per cent of the radioactivit~· could be 
removed by peeling off the hardened crust. Apparently the contaminated 
surface particles of soil were imbedded in a layer of asphalt. 

The question arose as to whether the radioacti"rity so fi.:ted in the asphalt 
was available to plants. In order to investigate this, 110 pound batches of 
Columbia v.f.s.l. were weighed into gal\"anized iron containers. For t>S.<'h 
treatment the surface was contaminated with carrier-free Sr 90 at the rate 
of 1 micr<:Hmrie per square inch, using the dence described in the previous 
section. Following this, the soil was allowed to dry and the various asphalt 
preparations were applied by spraying. The same de>ice as used for apply
ing the Sr 90 was employed. except that tht> asphalt was fed to the moYir:g 
sprinkler head under a nitrogen pressure of 5 pounds per square inch. This 
resulted in an application of 280 ml of emulsion pE>r square. foot. 

The asphalt crust was allowed to harden for one wE>ek and then was turne-d 
under and mixed throuJ!hout the soil. .After this. the soil was planted to 
barley and the uptake of Sr 90 eompared with that in the control was deter
mined at periods of 18 days and s; days after planting. 

One of the preparations. ::\iCI. was found to 'bt> toxic to plants. The rel'mits 
of the other three preparations are summarized in table -!. 
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Conclusions 
As may be seen from table 4 the Lakold emulsion was by far the most effective 
in immobilizing the Sr 90. With passage of time, howe\'E"r, the radioactivit~· 
fixed with this emulsion became more anilable to plants. 

The above e:s.periments indicate that wry effecth·e decontamination of 
soils can be accomplished b~· spraying a Sr 90 contaminated soil surface with 
an asphalt emulsion, allowing it to harden, and peeling off the crust that is 
formed. However. if the crust is not peeled off but cultivated into the soil. 
the Sr 90 incorporated in the crust will become progressinly available to 
plants. 

III. EFFECf OF DEPTH OF PLACEMENT ON Sr 90 
AVAILABILITY 

From time to time, deep plowing has been proposed as a possible means of 
dealing with soil surface-s that have been contaminated with Sr 90. By this 
procedure, the contaminated surface is placed at a depth in the soil from 
which the Sr 90 is presumably less available to crops. In support of the idea, 
Guliakin and Yudintseva (1957) have foWld that the depth of placement of 
Sr 90 has a large influence on its uptake by wheat plants. They found that a 
giYen amount of Sr 90 was about 50 per cent less aYailable at a depth of 6 
inches than at a depth of 2 inches. In the e:s.periments to be described here, 
the uptake of Sr 90 by barley, as infiuenced by depth of placement, was 

· studied in the lysimeters at Davis, California. The studies were conducted 
with Columbia '\'ery fine sand~· loam. 

Because of the fact that the radioactivity was placed in bands at depths 
of from 2 inches to 4 feet, it was possible to gain information concerning tl:.e 
downward velocity of root growth under different irrigation procedures. 

Experiments and Results 
The lysimeters used were 5.5 feet deep and 27 inches in diameter. They were 
filled with Columbia Yery fine sandy loam; there was free drainage from the 
bottom of each container. The important chemical characteristics of Co· 
lumbia T.f.s.l. are given in table 5. In all, 30 lysimeters were used in the 
experiments. 

The Sr 90 bands were placed in the soil in the following way. The soil was 
dug out of the lysimeter to the appropriate depth and a carrier-free solution 
of Sr 90 was added to the exposed surface at a rate such as to giw lp.c per 

• square inch. Following thic;, the soil that bad been remo,·ed was put back into 
the lysimeter. 

After placement of the Sr 90 bands, the soils were fertilized with 
NH.H:PO. at a rate equivalent to 90 pounds of nitrogen per acre. Three days 
before the experiments were started, all of the lysimeters were leached 
through with tap water. Thus it was assumed that all of the soils were at 
field capacity at the time the barley was planted. 

On June 7, 1957, germinated seeds of barley were planted in the Jysimeters; 
there were GO plants in each lysimetPr "or one plant per 9 square inehes. 
During the first eight to nine days after planting, all of the lysimeters were 

·• • •· ·.,- _.. ..... ~ ....... ..,.: ·- _____ ,_. - •--·•-'"""" a . ···•·----• --
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irri~ated lightl~· and any dead plants ~ere replaced. Afttr this period, ouly 
the lysimeters assi~ed for irrigation were irrigated. The general plan of 
the irrigation regime was as follo~s: 

3 lysimeters, Sr 90 band at 2 inch depth, no irrigation __ 
3 lysimeters, Sr 90 band at 2 inch depth, frequent irrigation 
3 lysimeters, Sr 90 band at 1 foot depth, no irrigation 
3 lysimeters, Sr 90 band at 1 foot depth, frequent irrigation 
3 lysimeters, Sr 90 band at 2 foot depth, no irrigation 
3 lysimeters, Sr 90 band at 2 foot depth, frequent irrigation 
3 lysimeters, Sr 90 band at 3 foot depth, no irrigation 
3lysimeters, Sr 90 band at 3 foot depth, frequent irrigation 
3 lysimeters, Sr 90 band at 4 foot depth, no irrigation 
3lysimeters, Sr 90 band at 4 foot depth, frequent irrigation 

Where the lysimeters receh·ed "frequent irrigation," water was applied 
at a rate such as to maintain the soils near field capacity. 

On the fourth day after planting, a systematic sampling of leaYes was 
initiated. Ten leaf samples were taken at random from each lysimeter. \\nen 
the plants were small, only the upper half of a leaf was taken; later on the 
whole leaf was taken. 

After each sampling the leans were assayed for radioactivity. When the 
count of the sample bad reached or passed a nlue twice the background 
count, the sampling of the plants in the corresponding Jysimeter was stopped. 
The doubie background count was arbitrarily taken as an indication that a 
number of roots had reached the Sr 90 band. In figure i, the time required for 
the roots to reach the Sr 90 band was plotted against the depth of the band. 

The barley plants were harTested on August 1-2, 195i, when the vegetatin 
part of the plants appeared to be at its maximum growth. The dry weights 
(60-65° C) of the plant tops from each lysi.meter are presented in table 6. 
At the time of harvesting, representath·e samples of tillers from each tank 
were taken and split up into lower lea'\'"es, upper lea'\'"es, stems and heads. 
These plant parts were assayed for radioacth;ty. From the assay, the total 
uptake of Sr 90 by the tops as well as by the indiYidual parts was calculated. 
In figure 8 the uptake by the tops, expresst>d as m p.c Sr 90 per gram of dry 
plant material, is plotted against the depth to the Sr 90 band. In figure 9 
the gross uptake by the tops, expressed as percentage of the Sr 90 added to 
the soil, is plotted as function of depth to the Sr 90 band. In figurt'S 10 and 
11 the radioactiYity of the plant parts, expresse-d as m p.c Sr 90 per gram of 
dry plant material is plotted against depth to the Sr 90 band. 

When the plants had bt>eu harvested, borings were taken in each lysimeter. 
An examination of the soil of the borin~ for radioactinty indicated that 
there was essentially no diffusion of the Sr 90 from the bands during the 
course of the e:tperiments. 
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Discussion and Conclwions 
The data of figure i reveal that the rate of do~n~ard gro\rth of the barl~y 
roots was independent of the water treatment during- the growing season. 
That is, in spite of the fact that the roots of the barley in the irrigated 
lysimeters were al~a~·s well supplied with ~ater and nutrients in the upper 
foot of the soil, the rate of do'W'tlward growth was essentially the same as that 
in the nonirrigated lysimeters ~here the roots had to grow do~mvard in order 
to obtain water. In both instances the rate of growth in depth was approxi
mately linear with time and amounted to about 2 inches per day. These 
results are in general agreement with the findings of Conrad and Yeihmeyer 
(1929). 

As may be seen from table 6 and figure 8, the irrigated plants, which 
showed the largest '·egetath·e growth, contained less Sr 90 per gram of dry 
material than the nonirrigated plants. This was true at all depths of the Sr 90 
band, but the difference was not very pronounced v.·hen the Sr 90 band was at 
a depth of 2 inches. 

The content of Sr 90 per gram of dry material decreased with depth of 
placement of the band for both the irrigated and nonirrigated plants. With 
the irrigated plants, the uptake per gram of dry plant material fell off quite 
rapidly with depth of placement to a depth of about 2 feet, below which it 
remained nearly constant down to 4 feet (figure 8). If this pattern should 
prove characteristic of other plants and soils, deep plowing, whereby a Sr 90 
contaminated surface is placed at a depth of 2 feet or more, should be an 
effective measure against the introduction of the isotope into food chains. 

From figure 9 it is evident that the gross uptake of Sr 90, expressed as per
centage of that added to the soil, was generally higher for the irrigated 
plants . .Also, the difference in uptake was nry pronounced for the sballo~ 
depths. The gross uptake by the irrigated plants fell off rapidl~· with depth 
of placement. The gross uptake for the nonirrigated plants, ho~enr, was 
not greatly affected by the depth of placement of the isotope. In general. the 
gross uptake was considerably less than 0.1 per cent of the Sr 90 added to the 
soil. 

With both the irrigated and nonirrigated plants (see figures 10 and 11), 
the concentration of Sr 90 per gram of dry plant material assumed the 
following sequence among the various plant parts: 

upper leaves > lower leaves > stems > heads 

The signi!icant concentration of Sr 90 in the grain of the nonirrigated 
plants for the 2-inch depth of placement is notable because at the time the 
heads were formed in these plants the soil at the 2-inch depth was quite dry. 
Thus the Sr 90 must ha'\"e been brought into the grain by translocation or by 
its absorption from '\"ery dry soil. t"nfortunately, it is not possible to conclude 
further concerning these interesting possibilities. 
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T.ut.r. 1 
A~ALYSD; OF SOIL SAMPLES FRmt Bt'RRIS PARK AREA 

I ~Solublt> tsriOIIII I Esc!w.ct&bl• ... l>oU Es~bun 
O.ptb l pH m.e. per 100 rm m.e. per' 100 1111 cap&aty 
oleoil Borinc no. I : 5 

(inch .. ! auap. I I ~ I m.e .. 'IOOrm 

I I <NH.Acr --------!--- Me . Sa ~~ ldc ~.-x __ ,_ __ _ 
G-12 11....................... 1.1 o.aa 0.08 I o os o.oe 10 u 1 1.41 o.~ 12.1 
G-U 

1

2..... ... ...... .. . . . .... 7.7 O.U 0.08 0 OS 0.05 IS.O 3.2 1.41 O.&c 12.t 
o-tt s....................... 7.6 o.J& o.o; o.05 o.oa H.l 2.1 0.10 o.n 12.2 
G-12 4.......... ... .. .... .... 7.1 O.a2 0.08 0.08 0.05 16.0 J.J O.U U8 12.1 
c..u Compc:wik.... .... .. . .. r.t 0.37 0.08 0.00 0.05 11.2 2.t 0.38 0.80 12.2 

12-24 t....................... '7.a o.24 o.oe o.ca o.ot n.t a.o t.2t o.M n.t 
12-u 2....................... 7.a o.z: o.oe o.u o.05 12.1 a.o 1.01 o.t8 11.4 
12-24 3....................... 7.1 0.13 0.03 O.OS 0.01 10.4 2.0 0.17 0.14 •.• 
12-24 4....................... 7.4 o.1e 0.02 o.oe o.ot u.6 2.1 0.15 0.1: 11.1 
24-36 !....................... 7.& 0.14 o 05 o os 0.01 n.o a.6 o.se o.n 111.0 
24-a& 2.... .. .. ... . .. .. ....... 7.2 o.u o.05 o oa o.o1 t.t 2.: o.l4 0.10 a.t 
24-36 L.. .. .... .......... .. . 7.f · 0.08 0 02 0 08 0.01 1.1 2.5 O.IS 0.10 7.0 
24-3& L..................... 7.0 CUI 0.091 0.08 0.01 11.1 3.2 0 II 0.11 t 8 

Soluble aniora are predom.iiiAIItly Reo,-. 

Tau 2 
A...'\A.LYSES OF SOIL SA!>!PLES FRO:Y HOPLA!m AREA 

I Soluble tstio"' I Est~~~CW>ble ... \io111 I Es ~ 
(~l l Borinc no. .~:. m,.e. periiOO •=, I r- ~·:~~ 100 cml ~m~.~oo~ 

·--------[---~~ Sa ~~~~~ (NH.AcJ 

G-12 
G-12 
o-n 
G-12 
G-12 

1'-24 
12-U 
1%-24 
12-24 
%4-34 
24-3& 
24-38 
2H& 

1!231.:_:_:_:·_.::_.·_.:_:_:::::::.:::_:_ ::: :.~ :::!:: ::~: ~:~ ::~1::~ ~::1 !!.: 
a.t o.04 o.oe o 03 o.o1 &.4 1.1 j o.os o.1tl u.t 

. L..... ................ l.t O.OS 0.09 I 0.03 0.01 6.7 7.2 0.07 0.20 13.8 
Com;x.ik............. 6.2 0.04 0.05 I O.G( ; 0.01 7.1 u I 0.04 0.28 13.4 
1.... .. . . . .. . . . . . ... . . . . 6.2 0.02 o.06, o.03 o.ot •·• a.a o.os o.n n.a 
2...... .. . .. . .. .. . . . . . . . 6.2 0.03 0.05 o.C3 0.01 e.e 8.4 0.07 0.181' u.o 
a....................... u o.03 o.04 1 o.c: o.o1 u 1.1 o.oe 0.11 12.8 
c..................... 1.3 o.03 o.051 o.o:1 o.oe 1.0 a.o J.2V 0.2V I 1%.5 
1.... .. .. . . .. . . .. . .. .. .. 1.4 0.02 0.04 o.o. 0.01 e.o 8.& 0.04 o.n 13.3 
2.... ............ ....... u o.03 o.06 o.C3 0.01 a.e 8.a o.oa 0.11 13.2 

I!::::::::::::::::::::::: ::: :::I::: I::: I::: ::~ :.~ ~::I::!!! ~~:: 
I I . I 

Soluble anio111 are predom.itw:~uy HCO,-. 
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TAJI.LE 3 

PER CE~T OF APPLIED Sr 90 RETA.P.\ED IN THE SOIL PROFILE AFTEB 
TREAT~'E~T WITH \ A..RIO'LS CHE~ICALS .c-."'D IBRIGATIO!\ WITH 

5 FEET OF WATER 

Bon..un> Frc.o &unoM 

T..-tmoota aod Plot Number 

Depth olooil I' I I 2 3 4 I 5 : 
(ioehoa) Cootrol HCl BCl B.SO, CaCit 

::',;: I ~ : f--~-~-:!--1--!-! .-.~--~--:-:-! -11f,· 1----

1>-24......... . . . . . V7.4 .\2.7 43.& RO • 
o-ae...... .. .. .. . .. .. too 11.1 ae.o too 

a i 
F.Ch ! NaCI 

11.7 I 76.8 
21.7 I to.7 
4G.O H.3 
~-0 I 100 

B't"''UWW P.ux Frc.o STATION 

Tnstmeota &Dd Plot Sumber 

Depth olooil I 1 I 2 

I 
3 I 4 5 I 6 ! 7 

(ioeh•• Control BCJ BCl B.SOo CaCl.t F.Ch XaCI 

~ .............. G7.0 
I 

%2.2 

I 
&t.l 62.0 G.e ~a ·-··· 

I 
48.3 

IH2 ....... .. ····· 100 &t.e 85.8 13.5 85.2 5G.7 G!.O 
1>--24.. ...... ... .... 100 99.8 100 

I 
w.a ru 88.4 99.$ 

1>--36 ...... .. ····· 100 I 100 100 100 100 100 IOC 
I 

The treat menta,...,... m..o.de at the rateoo: HCI. U.8 tou per o.ere: FeCJ... 22.1 tona per o.ero: HsSOc. 20 tona per 
aero: CaCis. :r..e 1.0111 per...,,...: &Dd NaCI. 23.8 tolll per o.ero. 

T.ut.E 4 

l~TAKE OF Sr 90 BY TOPS OF BARLEY PW.~TS GROW~ 
L"\ ASPHALT-TREATED SOIL; RESULTS EXPRESSED AS 

PER CENT OF CONTROL 

Emul.aion applied 67 dar- alter 
pl.ultiDI 1

18 dar- after I 
pl.ult.ioa I 

0 ........ -.. -.-.. -.. -.-.. -. -.. -.. -.-.. -. -.. -. -.. -.. -. -.. -.. -. -.. -.. -.-. ---· 100 ,--~-00---

!Aiold............ ... .... .. .. .... .... .... . .. . . . . . . . ... . . 7'8%885 I $8.$ 
Bitume L3L............................................ 70.4 
RCI........ . . .... .. .... .. ... .......................... 73.5 

The plaota 'll'tre ,..,..-u io plvaoiaed tube. eaeh eoDt&io.inc 110 pou11da of Columbia 
ooil. Io eaeh i~~n&~~co \he 1urlaco a..- of the aoil ......., 400 1quare ioeha. The Sr S<l ,.. ... 
applied at the rate of I ,.e pei ~uare ioeh. 

At 61 dayw after plant.iQ&. tho topo of \he eootrol plaota eoot&ioed 0~1 per coot of 
the applied Sr S<O. 
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Tuu. 5 
A~ AL lSIS OF COLt"~.!BJ..\. YI:RY FIXE S.\.XDY LOA~ SOIL t"SED 1~ 

L!"SI~ETER ST'C'D!" 

Solublt catiooa \ EscbAnceabl~ caliooa 
, m.e. per 100 am 1 m.e. per 100 am 

pB I : S au.openaion 
Escha.nce 
cap&nl)' 

m.t.'lOOam 
<SH .. -\cl 1~:~:~~~~-~--'-~~-~~!-E-

-----~ I . I • ,---

u.... .
1 

o.u 1 o 01 i o.oa I o.oe \ 13 s I 3.70 ! o 83 i o IS 
1 

1u 

TJ..BU 6 

YIELD OF BARLEY I~ IRRIGATED A-'-"D ~O~IRRIGATED L!"SI~ETERS 
WHICH HAD A BA-.'-"D OF Sr 90 AT DIFFERE~T DEPTHS L'\ THE 

SOIL. RES'll.TS ARE EXPRESSED AS GRA~S OF 0\L~-
DR'l (60-65• C) ~ATERIAL 

Depth of Sr iO b&nd Wt. of t.opo. 'Itt. of t.ope. 

(incbeeJ irrip~ .~verace nonirrinud .h·•race 
1)'11imt~re lytime~re 

2 ... . . . . . . . . . . . . . . . . . . . ········! 212.4 19 . .0 
' 179.2 m.1 1531 IV .89 i 
i 123.1 24.97 
I 

12 .............................. 
, 

138.3 ~.33 ........ : 
214 0 151.5 20.~ :Z.&B 
132.S 13.35 

24 ....... ·············· .. 15e.3 Z:!.V9 
1$4.4 1$4.1 15 5P t~.sg 

ISl.i 13.98 

~ .... ············ 119.2 ~7'3 

20<H 1&4.3 ~ . .0 3S.25 
173.3 32.66 

48 ............ ··························· 132.S 32.27 
180.7 149.3 23.49 :t.!2 
1&4 5 21.GS 

.c .... ~.-.~~ IAA'22) ~I. H. ~ ... 



CALIFORNIA 

Burris Park Field Station 
Kingsburg, CA 93230 

Joe Hammond 
Board of Supervisors 
1400 W. Lacey Blvd. 
Hanford, CA 93230 

Harvey Collins, Chief 
State of California 
Division of Drinking Water and Environmental Management 
601 North 7th St. 
Sacramento, CA 95814 

Joe Hammond 
Board of Supervisors 
1400 W. Lacey Blvd. 
Hanford, CA 93230 




