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ABSTIUK!T
—-—

The rediskributiionof radionuclides in atoll soils following

falloutfrom a nuclear device is described. The soils are cal-

c~eous, containing no inorganic COI1OMS, and their exchange

capacityis directly related to organic content. Comparison of

9amrna-rayspectra of depth increments from young and old soils

~Mws that cs137 and S1312’move most readily in old soil, while

theprincipal gax;;:~-emittingradionuclide moving in young soil

isSb1250 #U :,:ove~in both old and new soils, and quantitat~ve
●

differencesin :LEtical movement between soil types is obscured

@ the highly va~~::~lesurface distribution of the radionuclides.

l’hereis a vertical gradient in the distribution of radionuclides

137 90evenwithin the surface inch. Litter redeposits Cs and Sr

65atthe soil surface and bird droppings have added Zn and Co’”.

~ young SOilS the highest levels of radioactivity are associated

withsoil algae f~~d as a suface crust in undisturbed areas

andin coral fragments in eroded areas. Horizontal movement is

localizedand probaly is of little overall importance. Buried

organichorizons contain more Cs137 than

~d roots are generally more radioactive

soilexcept at the soil surface. Pumice

adsorbradionuclides but pumice is found

adjacent soil layers,

than the surrounding

particles in the soil

infrequently. Blechani-

CalInixingby animals in old soils and by erosion in young soils

>...: ,,.-,,.-
1.. ..n

l’{:’}.:
..!.L.~

!$’



1Simportantin the redistribution of radionuclides near the soil
—.

surface, C;Z37 and Sr9a are the principal radionuclides entering

8 wle within tl~esoil-plant system. Any loss from this system

appearsto be small, but a definite conclusion can not be drawn

fromthe data.
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ATOLL SOIL TYPES IN RELATION TO THE

DISTRIBUTION OF FALLOUT RADIONUCLIDES

INTRODUCTION

The redistribution of radionuclides in atoll soils following

contaminationwith radioactive fallout is the subject of this

Marshall Islands, in the central

opportunity for such studies

Rongelap Atollf northern

Ocean, presents a unique

paper.

Pacific

sinceit was substantially contaiiinatedwith radioactive fal~out
t

Only once. The fallout resulted from a thermonuclear device

detonatedat Bikini Atoll eighty miles to the west on March 1,

1954● Although there was some additional contamination from

nuckar tests in 1956 and 1958 the total contribution of radio-

nuclides from the fallout of these subsequent test series

amountedto a fraction of one per cent of the amount from the

1954 fallout. Gamma radiation dose rates at Rongelap at

detonation plus one day ranged from 3.5 r/’hrat the southern

islets of the atoll to 35 r~r at the northern islets (Dunning

1957). These rates declined at approximately the rate pre-

dicted for mixed fission products by Miller and heb (1958).

Rongelap Atoll has a lagoon area of 388 square miles and

an average depth of 168 feet (Nugent 1946, p. 748). The emer-

gent land area is about three square tniles,,consisting of :

t“’,’,.“

.
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sixty-onesmall islets ranging
—.

acreto the largest, Rongelap,

in size from a fraction of an

which is four miles long and

one-halfmile across at its widest point. There is one small

iskt on the western reef and the other islets extend along the

northern,eastern and southern reefs. The islets on the

northernreef are not as well developed as those to the east

and south. There are two seasons--a dry season from December

to March and a wet season from April to November. Annual rain-

fall is less than fifty inches, and there is no well-developed

fresh-waterlens. Some importanb features of Rongelap Atoll?
t

includingaerial photographs are given by Wlens (1962).

Class~fication and mapping of the soil t~es at Rongelap

Atoll were reported by @nady ( 1962) . me parent materf.al is

primarily calcium carbonate, originating from corals, fora-

mhifera, coralline algae and mollusk shells. There is a very

small amount of pumice drift in the soils. Since these soils

contain no inorganic colloids, exchange capacity and organic

content are linearly related. In some areas, particularly

along the seaward sides of the islets, buried Al horizons are

found as

horizons

A

deep as eighty inches (Fig. 1). These highly organic

presumably result from storm debris covering previously

established soil and vegetation.

The pH, determined in the field from a 1x1 soil-water ratio

with a Beckman Btadel N-2 pH meter, is generally between
?..

~.--;!l{:,:, .,1....

P ..,— .—._
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31
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80

LEFT

Micromonolith of Pit 35

, ..

.,

Sot! pit 35, Rongelap Island. Dark

layers ore buried horizons.

Fig. 1. Beach Ridge Sand, Rongelap Island.
This soil typeoccurs on the island beach ridges.
The pit shown,...<above is seven feet deep and contai s six buried -.

horizons. /? ~~~
~-\i.\.‘.
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7 and 8 in the surface horizon but occasional values from 4.6
—.

to 9.5 were found. The pH increases with depth and decreasing

organiccontent.

The amounts of exchangeable cations in the different soil

typesare given in Table I . The calcium content is so high

thatmore calctum is brought into solution with repeated

extractions. Consequently, strontium units have little or no

signific~ce relative to atoll soils and, when given, are based

m total calcium rather than on exchangeable calcium.

.

METHODS OF COLLECTION AND

The vertical distribution of radioactivity in soil and

litterwas studied by analyzing samples taken mostly by l-inch

soil increments, in a few cases by 1/4- and l/8-inch increments

andby radioautographs of sections of soil cores

the method of Held et al. (1965). The increment

were made during both the wet and dry seasons

1961 aid 1963. The cores were collected only

there i,s considerable horizontal variation in

in

in

prepared by

collections

1958, 1959,

1963. Because

the levels of

radioactivity (Table II) each set of increments was collected

to insure the sampling of a single vertical column.

more

The large amount of horizontal variability also made it

profitable to compare the relative amounts of radionuclides

at different depths from many profiles than to make precise

.,,.,;,!,.
,;...::.iI:lEs

—..
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quantitatfv~determinations from a few profiles. Gamma-ray.

6pectraof equal amounts of soil from different depths were

_ared directly to arrive at (1) a qualitative evaluation

Of the vertical distribution of the radlonuclides and (2) a

Semiquantitativeestimate of relative amounts of radionuclides

at different deptlns. Gamma-ray spectra were made with a system

Whichincluded a 3-inch by 3-inch solid,thallium-activated,

sodium iodide crystal a~~la

sel~ctedsamples were taken

90emitter,Sr .

256-channel analyzer. In addition,

for analyses of the pure beta-

. *

9
,

RESULTS AND DISCUSSION

Vertical distribute.nnin relation to soil t~e is made by

comparingyoung and old soils. Examples are Kabelle Sand, a

young soil, (Fig. 2) and Gogan Gravelly Sandy Loam (Fig. 3) and

!tmluilalSand (Fig. 4), old soils. Their characteristics are

given in Tables I and XII.

The young soil has little organic material except that in

tm algal surface crust about 1 cm thick. Hermit crabs, Coeno-

bita perlatus, at the base of a few shrubs~ the borsowing ghost

crab, Ocymode ceratopthalmia, and ants are the maf.nanimals

present. Litter accumulation is found only at the bases of

the scattered shrubs and is a minor part of this soil ~stem.
....,.,.>

‘‘r:~~$
. ...,
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soil pit 6.
A “d

Black areas are crusts
formed by algae,

●

m Top view surface

T;$;::-+: ,(;.<;

%W”’”‘~:- .’& 26 ‘
RIGHT: Micromonolith of pit 6. -,s.,.=-‘“1+”6.,;’,....+.’.’&

I General view of pit 6 ores.

Fig. 2. X.aks Ue Sand. A very young soil conmosed.
lagoon Bands deposited on the lagoon-side
Island.

?

Of fine
Of Kabelle
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1 inch

3

16

26
?

Micromonoli?h of Pit 38

Stond of Pisonia grand is, Kab.e!le ls!cnd, pit 38 area.

Fig. 3. Gogan series, Kabelle Xsland. This is a well- 1

developed, productive soil, usually associated
with Mson.ia grandis and Cordj.asubco.rdata.
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1 inch

5

10

15

Soil Pit 12, Kabel[e island, Dark” “

strata are buried horizons

., . -—~
. .
1.

... -’.
i

Micromonotitt,

Pit 21

37
?

44

51

56

60

Messerschmidia argentia at soil pit 12.

Fig. 4. Lomuilal Sand, Kabelle Island.

;.
.. . .

!, . . .



Table 1!1. Compod.tloriof roprssentatlvo SO1l types fromRongelap Atoll (aft~FE~dyl@).

———

Soil.D.pth- tnahot _ 9-1 1-11 11.98

8
Q*O2
--
0.3
3.01
1.04
2.88
0.15
12*O
9.1

2
0.01
2.6
001
1.37
1.16
2.65
0.20

12.0
9.2

6eil Devth -_lnehu O-J—. .~-lo 10-12 X2-21 21-48

o
::;9

14.2
2.73
4.66
5.02
1=IJ9

105.9
8.4

5
0.07
2.3
2.9”
0.73
8.6

i!1. 7
0.18

15.1
8.6

18
0.08
2.2
2.6
0.82
1.05
2.50
0.19
14.1
8.3

12
0.04
1.9
101
0.82
0.85
2.31
0.16
5.0
8.8

2 *
0.02
1.7 t
0.6 t
0084
0.83
2.j5
0.16
5.0
9*1

00&w*WJ1lY WI@ ham,anold sail

SOil Dmth - ~ 14 ..—. 1-5 5-12 12-20 20-26

10
10$)!
21,4
20.5

;::
lo.~

193;:4
7.4

20
1.96
-.

43.6
3.0
7.4

2&.2
1.80

892.8
7.1

20
0.42
5-9

17.9
o*8
4.0

14*1
. .

4;:.5
7*9

27
0.18

;::
0.4
2.2
6.2
.-

216.3
8.2

39
0.07
2.6
2.6
0.4
1.2
7*7
-.

150.6
8.6

56
0.05
2.6
1.7
0.4
1.1
7.0
..
25.1
0.8
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M contrast, the old soil has well-developed A. and Al

----

horizonsand supports dense vegetation, which produces a heavy

litterfall during the dry season and which contributes to the

redistribution of radionucli.des in the system.

Sea birds nest h the vegetation and land crabs, predomi-

mmtly Bj.rquslatro and Coenobita.— perlatus, burrow in the soil.— -.—

Earthwoms are seld~ found and terrestrial isopods, although

foundin old soils on some

fewsoil insect% which are

beetiesas well as ants.

~~~~ts, are few. l%erflare also

mainly tenebrionid and ;;zabid

●

Depth Gradient of Gamma Spectra

Old soil

The gamma sFectra, with background subtracted, of the o to

l-inch,1 to 2-inch, and 9 to 10-inch depth increments from old

soil collected in March 1959 are given in Fig. 5. The spectra

of the increments between z inches and 9 inches have been

Omitted from the figure for clarity but shed a gradual change

from the condition at 1 to 2 inches to that at 9 to 10 inches.

The radismuclides corresponding to the photopeaks are indicated

in the figure. 60 65
The photopeaks of Co . Zn ,Mn”, Ce’44-Pr’44

and h 155
show significant counts in the surface increments but

are not detectable in samples frcm greater depths. The amounts

of Cs13’7a@Sb125 -decrease and the proportions of Cs
137 ~d



——

I

03\&144.pr144 I i
EU155 I

f

IT
MsJ25 C$137

I Sb125 ,

MEV

\
9-1o”

0-1”

I

Fig. 5. Camrm-ray spectra Oi eq~al amounts of old SOLI
from Mfferent depths.
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~b125
change with i.ncreaskg depth. In the 0.60 to 0.66-mev

photo@~& region of the O to l-inch increment, the relatively

broadpeak is a combination of the 0.60-mev photqeak of Sb125

137_Ba137mandthe 0.66-mev pe.ticof Cs . In the 1 to 2-inch

hcrement the peak becomes sharper and is oriented toward the

0.66-mevphotopeak of Cs137-Ba137m. At the 9 to

ment there is almost complete orientation toward

10-inch incre-

the Cs137-

~a137m 125peak, with little Sb remaining. In Fig. 6 a comparison
.

k given of the spectrum of the 9 to 10-inch increment (Fig. 5)

137and the gamma spectra of Cs and Sb’2’ spikes. ?

t
Fig. 7 S?IOWSthe gamma spectra of increments taken from an

undisturbedarea in 1958. The first spectrum is from the O to

l/4-j.nchdepth and ‘&e subsegment spectra are from l/8-inch

depth increments to a depth of 1 inch. The highest levels of

~125 60, the rare earths, and CO , which move m.cmeslowly than

~J37
or Sr904 are in the 1/2 to 5/8-inch increments, whereas

the CS137, which moves most rapidly in this soil type, is in

the 3/4-to 7/8-inch increment.

Litter and Guano

The gamma-ray spectrum of litter, consisting of leaves,

twitisand floral parts splattered with tern droppings, collected

from old soil i.n1961 (Fig. 8 ) Shws the Cs137

125much higher than the Sb penk, me 1017 peak

photopeak to be

!50 ~=
@f co

skewed to the left, indicating &he gresence of the 1.12-mev

;
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CS’37SPIKE

●

sb’25SP/KE

SOIL
9 -To”

I

1 I
0.5 1.0

——————~
1.5

Fig. 6. Gina-ray spectrum of a 9 to 10-inch depth
increment from old soil compared with the

9_a spectra of Sb~2S and C~13Ta
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1

\A/q
Y● o j“.-

1 3“---
48

3 ,t!
---
82

I 1 1 J

0.5 1,0 1.5

MEV
Fig. 7. Ganuna-rayspectra of depth increments gf old soilt~

from the surface inch. The origin ef each spectm~
been arbitrarily separated from the preceding onehi
factor of ten to facilitate Inspection of the fiyuo.
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I
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1 I I
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1 1
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LITTER

1

GUANO

●

MEV

Fig. 8. Gamma-ray cpectra of litter and guano collected
in an area of old soil.
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~n65
peak. The presence 035Zn65 is corroborated by the 0.5-mev

Fig. 8 also shows the gamma-ray spectrum of noddy ternpxko -

guanocollected in this area. The 1.12-mev peak predominates

60 65overthe 1.17 peak of Co and the 0.51 peak of Zn is evident.

me foliar contribution to the litter contains only Cs137 from

amongthe gamma-emitters.

In undisturbed areas Cs137 90
and Sr are being deposited

witiithe litter and are thus replacing at the surface some of

theCs137and Sr90 lost by leaching. There is not sufficient

data from the field work to determine whether there eventually’ 9

willbe a loss of these radionuclides from the soil-plant systems

Or a steady state (excluding physical decay of the radionuclides).

kg-term experiments,under simulated field conditions, with

mmolith lysimeters and controlled and uniform addition of the

radionuclideswduld define this point.

Young soil

Fig. 9 gives the spectra of the O to l-i.nclh,1 to 2-inch,

ml 9 to 10-inch increments of a young soil. co60, Zn
65 144

,Ce-

#44 155$ and EU were detected only in the surface layers, and

with increasing depth the 0.60 to 0.66-mev photopeak region of

125the spectra shifts toward the 0.60-mev peak of Sb . The spec-

trum of the 9 to 1(1-~nch increment is compared with that of an

~125
spike in Fig. 10, showing that the photopeaks of the soil

and spike gamma spectra are identical.

;.
2(9
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Fig. 9. Gamma-ray spectra of equal amounts of young
soil from different depths.
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—

Fig . 10. (%~ma-ray spectznm of young sofl from a
depth increment of 9 to 10 inches compared
with the g“&ma spectrum of Sb125.
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The radionuclide content of leachates collected in the field

ngrees with these results (Cole et al. 1961). Leachates from

125yOung soil contained only !% and Sr90~ while leachates from

betterdeveloped soils contained mainly Sr90 137, ~lth
and Cs

tracesof other gamma-emitters.

.MpthGradient of Sr
90

The relative Sr
90

content of depth increments of the two

soiltypes is given in Table XV. There is a rapid decrease in

the amount of Sr90 90with depth, ~d the differences in Sr con-
1

tent between soils probably are not significant. The extreme

values from the results

cate samples taken from

of Sr’” analyses of subsamples of repli-

small areas differ by a factor of more

than ten (Table S1). It is likely that the variability is

due largely to the spotty nature of the distribution of the

falloutradimuclides, which is evident in the radioaut~raphs

discussedbelow and from X-ray films that were exposed at the

soil surface and just bel~ the surface (Fig. 11), and to small

differences in the characteristics of the SOi,l within a single

soil type.

Sampling by l/8-inch increments in 1959 of an undisturbed

old sOil, (Pig. 4 and Table I ) on Rongelap Island indicates

a gradient of Sr90 levels in the top inch of soil (Table V).

me levels in the second inch are about one tenth those in the

.;,.3
::$ 29
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1-2

2 -3

3 ‘s4

4 -5

5 -6

6 “7

7 -a

e -9

9-??2

Old Soil
(Piti4)

81.0

4.9

2.a

2=0

%.4

2.2

2.0

0.8

2.5

0.6

Younq Soil
(Fib 6)

4.0

2.2

1.2

0.7

0.2

0.l

3.[/0.2 99.9
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‘Q
Fig. 11. Radioautograph obtained by exposing no-screen

X-ray film approximately one &m below the
soil surface in situ..—
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Table V. @o
and Ca in the surface 1-1/2 inches

of Rongelap soil, Rongelap Gravelly
Sand, collected in September 1959.

~=90

Depth in
inches

Percent of total in
top 1-1/2 inches w/m

o - 1/8

1/8 - 1/4

1/4 - 3/8

3/8 - 1/2

3/4 “ 7/$

7/8 - :1

j+- 1-1./8

1-1/’8- 1-1/4

1.-1/4 - 1-5/8

1-5/8 - 1-3/4

1-3/4 - 1-7/8

1-7!8 - 1-1/2

27

26

● 16

10

3.2

2.7

2.0

2.6

1.5

2.2

3.6

zm~

99.0

292

291

315
$

337 ,

346

348

306

338

329

328

351

369

,,,, ~ -,:.-.
... .~ “.“,. ..’
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firstinch and remain at approxhately the same level from 7/8

inchto -1-~/2inches in depth.

RAD1OAUTOGRAPHS

!rOunq Soj.1

Undisturbed

Radioaut~raphs of cores taken in 1963 show marked differ-

ences in the distribution of radioactivity.
Fig. 12 ShOWS photo.

graphs and the corresponding radioautqraphs of sections of pores
●

of young soils from an undisturbed area (Fig. 2) and from an area t

Subjectto erosion (Fig. 13) and an old soil (Fig. 3).
The radio-

activity corresponds closely to the dark area in the photograph

Of the core from the undisturbed young soil.
This dark area is

composed almost entirely of a mixture of soil algae, forming a

crust which has retained most of the fallout radionuclides.

Eroded

In an eroded area of young soil the radioactivity is

associatedwith large coral fragments which are infiltrated

with algae. m~s area is subject to erosion by both wind and

water, which accounts for the coral fragments containing algae

~d radionuclides occurring beluw the soil surface.
Radio-

activity is not associated primarily with smaller particles as

--
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in other soils, presumably because smaller particles have been
—.

erodedaway since fallout occurred.

old soil

A radioaut~raph of a core from the old soil (Fig. 12)

shows that the radioactivity extends to a greater depth and Is

morediffusely distributed than In the young so~ls. The surface

littercontains little radioactivity compared with the soil

surface.

!lorizontalMovement . t

There is evidence of localized horizontal movement of radio-
I

nuclides in the soil, ah least near the surface, which in turn

may affect vertical distribution. Fig. 14 is a photograph and

radioaut~raph of a section of a soil core collected in old soil

on Kabelle Islet. There is a darkened funnel-shaped area at the

top center of the radloautograph and a corresponding darker area

of high organic content in the core section. The amount of

activityin the stem of the ‘“funnel”appears to be too great to

be accounk.adfor by leaching from the surface directly ahwe.

Either a depression was filled with radioactive organic matter

after fallout, or the depression was filled before fallout and

the radion~clides were adsorbed when surface runoff water

filteredthreugh the funnel of organic matter. The latter

interpretation seems more probable Since gamma-ray spectra of

3[
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Fig. 14. Photograph and radioautograph of old soil
showing correspondence of radioactive portions
tinorganic matter.
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layexs of the funnel show only Cs137 and Sb125 in the deepest

layer. ‘--

BuriedOrqanic LaveY~

The Organic matter in buried hoxizons may become important

detectablegamma-emitters were found in buried horizons during

tiePeriod 1958-1961. In September 1963 a core was taken through

a buriedhorizon at 14 inches in old soil. Radioautographs of

8ectionsof the core show that a small amount of radioactivity

has accumulated in the buried horizon- The diffuse distribution ‘

t
of the radioactivity in this case indicates that there is adsorp-

tkm of the radionuclides from solution as water percolates

throughthe soils, although the possibility of translocation by

137 40plantscannot be ruled out. Cs and naturally occurring K

Were the only radionuclides present in the buried horizon.

The accumulation of Cs137 in the buried horizons is of par-

ticularsignificance in terms of plant-soil relationships,

becausea proliferation of roots is often found in the buried

horizens and cs137 is the principal fallout radienuclide taken

upby atoll plants.

Root9

Roots, which contain Cs137 and s%’”, in most instances have

Mgher levels of radioactivity than the surrounding soil except

nearthe soil surface (Fig. 12). The influence of poplar roots

on redistribution in a continental soil has been well demonstrated



byWitkam~un~ Prank

Mtween translocation

. “.. . ., .4. . ,. .=.- —.*. -

may be possible to

roots and downward

distinguish

movement

ah3ngroot channels at Rongelap by comparing the ratios of radio-

nuclideswithin the roots and in the Lmnwdiately surrounding

soilin core sections. For example, if there is greater m~e-

mentalong root channels, we would expect Sb125, which is net

absorbedby the plants, to be most abundant in the soil adjacent

tothe roots et deptin,if there is appreciable channelization.

Pumice
●

*
Radionuclides are also adsorbed by pumice particles. No s

detailedmorphological examinations of the soil sections have

beenmade, but it is obvious in some core sections that a few

Of the larger “hot spots” several inches below the surface are

associatedwith pumice fragments. The retention of radionu-

clidesby pumice fragments may be of importance in considering

Sotl-phnt relationships in a few highly localized areas since

proliferationof roots around pumice fragments has been observed

(Sachet1955~ Kenady 1962). However, as pumice is rarely found

beneaththe surface, the effects of this material would not be

generally important.

* * *

We can noi explain the differences in distribution of radio-

nuclidesbetween SOil types but assume that the greater retention

1-
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Of all radionuclides, except
----

theyoung soil is associated

32

~b125
and Sr90, at the surface of

with the algal crust. The obser-

Wkion that mosses and lichens collected from trees at Rongelap

Atoll in 1%1 show essentially the same gamma-ray spectra as the

algal crust lends supporting evidence to this assumption. The

retentionof radionuclides by algal crust, mosses and lichens

must be related to adsorptive surfaces or to the metabolism of

theorg~isms, although it is impossible to determine from the

fielddata the mechanism or combi~ation of mechanisms involved.

o
Similar observations have been made with arctic lichens (Palmer

et al. 1964).

Since the algal crust at Rongelap Atoll has retained the

radionuclidesfor nine years and from all indications will

continue to do

also retains a

so for years to come, it is possible that it

variety of

reservoir of nutrients in

voir might be tapped upon

mineral nutrients, thus providing a

othemise barren areas. This reser-

invasion of the areas by higher plants

and the concomitant activity of animals in mixing the upper

layersof.the soil.

Distribution of the radionuclides in the old soils arises

from a combination of processes which are difficult to delineate.

No doubt much of the movement is due to leaching and readsorption

[i,:,,
~\~\,{, :’. +

w
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of radionuclidesmoving through the
—--

truefor Cs
137

an~ Srgo, $J~i~ll ~~~~e

soil. This is certainly

abundant compared to other

also was demonstrated by

comparing&he garmna-rayspectra of depth increments that there

is a more rapid movement of Cs137 than of other gamma-emitters

present. It should be recalled that the exdhange capacity of

thesesoils originates from the organic contenk, which, as is

obviousfrom the

is far higher in

more opportunity

photographs of the core sections and Table XII,

the old than in the young soil. There is thus

for exchange and &etention of radionuclides ‘
t

h old SOil. Mechanical mixing, due mainly to the activity of

landcrabs, plays an impoxtant role in redistribution in the

surfacelayers. This effect is obvious in areas where there

has been active burrowing, and is probably occurring to a small

extentthroughout densely vegetated areas as is indicated by

the presence of Ce144-Pr144 and EUI° in the litter. These

radionuclidescould only have come directly from the soil by

upwardmixing since they were not found in the vegetation which

contributedsignificantly to the litter.

CONC%USXONS

Different plant and soil environments on single islets

have a diffexent vertical distribution pattern of radionucl.ides

from the same fallout material. The vertical distribution of

i~,“,

—.
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radionuclides in old soils is as follows, in order of greatest

137penetraticmx C% , Sr90, Sb125, CoGo, Zn65, Cr144.pr144, E~155

and probably othex rare earths. In the young soils, consisting

almostentirely of parent material, the positions of Cs137 ad

~125
are reversed and the other radionuclides appear to be

more completely retained in the surface algal crust. The maxim-

um concentration of fallout radionuclides remains at the soil

surface, a few inches or less in depth, except in areas where

therehas been erosion. In the eroded areas large particles

containingboth soil algae and radionuclides are randomly dis~

tributedto a

There is

suchmovement

depth of a few inches.

some horizontal movement of radionuclides but

appears to be very localized and thus is of little

consequence in hhe overall picture of distribution.

CS137 and SrgQ are the principal ~adionuclides entering a

cyclewithin the soil-plant system. Any loss from this system

appearsto

a definite

be small (a fraction of one per cent per year), but

conclusion can not be drawn from the data.

—-.
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SUMMARY
—

1. Rongelap Atoll received a single heavy dose of radioactive

fallout in 1954.

2. The atoll soils are calcareous and contain no inorganic

colloids; the exchange capacity is related to organic content.

3, Cemparisen of gamma-ray spectra of depth increments from old

137and new soils shows that (2s and Sb125 move most readily

in the old soil; the principal gamma-emitting radi.onuclide

125moving in new soil is Sb . ●

?
1

4. ~r90
moves in both old and young soils.

5* The distribution of radionuclides at the surface is very

spotty●

6. There is a vertical gradient in the distribution of radio-

nucl$des within the surface

7. Litter redeposits Cs137 ~d

one-inch layer.

~r90
over the soil surface and

bird droppings have added Zn65 and C#O.

8. The principal reservoir of radionuclides in young soils is

the surface algal crust.

9* In eroded areas radioactivity is associated with large coral

fragments, which are infiltrated with algae.

10● There is some localized horizontal movement of radionuclides

In old soils. :...,:
:-(.,.~
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Buriedorganic horizons contain more Cs137 than adjacent
—.

soil layers.

Roots are generally more radioactive than the surrounding

soil except at the soil surface.

Pumiceparticles in the soil adsorb radionuclides.

Mechanicalmf.xingby animals in old soils and by erosion in

young soils results in a redistribution of radionuclides

in the surface layers.

~#37
and S.90 are the principal. dadionuclldes entering a

?

cycle within the soil-plant system.
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GYCLIhlG lN A DOUGLAS FIR FOREST STAND*

HANS RIEKERKand STANLEY P. GESSEL
College of Forestry, University of Washington, Seattle, Washhgt~n

(P~e~erstetiby H. RIEKERK)

Abstr~ct—This study Of the rnovemat of mineral elements through the forestsoilconfirmed
severalobservation made by other investigators. The early fall rains cause a flushing of
decayproducts accumulate sIlrrbgthe summer. Movement of the various mimwal elements
clependsvery much on their chemical characteristics, and on the fixation propertica of the soil
system.

szp releme from the forut floor ranged from 2 to 14 percent, 8uRbreleasewas 0.01-1.88
percent and t~Ca release was o,W.86 per cent for similar periods of Ieaching. q5Ca release
overperio& of leaching two to three times longer amounted to 0.1-4.1 per cent. Release of
$?pfrom the su~ace soi] w= about 2800 times Jcss than that from theforest floor. *6Rb w=
?200 times las and qsca was abut 160 times less than the release from the forest floor.
Releasepatterm of 45G indicat~ a S1OWmovement as compared to 32P and ‘bRb.

Uptake ofaZP by the tre~ was evident within a week after application. 32P uptake was about
tentimesmore duringSpfingthanduring fa]l. TJptakeof saRb was evident after about a mouth
r!~ringthe SpringSe=on, but w= not obse~~ during fal]. IJptakeof 45Ca was not significant.

INTRODUCTION

~U~CH in forest productivity and fertil-
=Iionhasindicated the importance of nutrient
@nits.[~,a} The entry of radioactive fallout
xActs into thecycling processes of biological
Jqwtnncehas received considerable attention.

COLE(31reported on a study of mineral cycling
c \wsternWashington. Ile found marked
Qiercncesin the rninera! retention of the major
tzl:htelements by the forest floor. The
L-.:ud release of potassium was ,56 per cent of
-< [otal capitalpr~ent in the forest floor.
:’ilm re]case was 7 per cent, nitrogen 2 per

w md phosphoms 1 per centof the total.
., mprisotl of these releases to the input by
.’:crfall indicated an accumulation process.
:txhing prior to usual c(~llection of litterfall
uu deducedto be 80 per cent of the potassium
Ld+0per cent of the magn~ium involved with
:r transfer. Maximum rates of re!ease were

‘ This study is based on work performed partly
Whsupport from a National Science Foundation
~t to S. P. GESSEL, and partly with support from
& Radiation Biology Lahratory (AEC Contract
k’t5-1)1385), Universi~ of Washington, Seattle,
‘~uhiag[on.

reported for fall. Abrupt changes in the eco-
system by clearcutting and fertilization modified
these general release patterns.(q) Except for
calcium these treatments had no effects on the
movement of mineral c!ements deeper in the
soil. Nearly all the elements were retained
within the rooting zone.

Studies conducted at the Oak Ridge National
Laboratory, Tennessee, with radio-cesium
tracers in White Oak and Tulip Poplar indicated
a high mobility. In particular, freshly fallen
litter released relatively large amounts of cesium
in a short time. @J$~

It is the purpose of the present study to
investigate in more detail the cycling processes
as reported by COLE and GESSEL. The use of

“.

. .

radioactive tracers makes it possible to measure
velocities, and more important, to distinguish
newly arrived nutrient elements from the
amounts already present in the various compo-
nents of the ecosystem. For example, the calcium
content of the soil solution is a mixture of calcium
released by the soil and calcium passing through
directly from the forest floor.

For this study three contrasting mineral
elements in carrier solutions were tagged and
applied to the forest floor or surface soil.

—.— .._
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1364 MIxERAL CYCLING IN .i DOUGLAS FIR FOREST STAND

Phosphorus was selected in addition to the
monovalent potassium and divalent calcium
cations. These three elements can easily be
tagged with 32P*~GRb=nd 43Cafor tracer studies.

This paper will report only the radiological
aspects of movement of the tracers through the
forest floor and surface soil, and up into the trees,

STUDY AREA

The study is conducted in close cooperation
with the Fern Lake Program of the Radiation
Biology Laboratory, University of Washington,
Seattle, \$’ashington.~7) Fern Lake is located
about 50 miles southwest of Seattle, lVashing-
ton. The climate is moderate with a mean
annual temperature of 50°1? and an average
annual precipitation of 45 in. The study plots
are located close to the lake in a dense stand of
40-y old Doug!as ftr trees (Pseudotsriga menzie~ii
(hlirb.) Francoj about 50 ft high. The fairly
level soil is an Aldenvood-like gravelly sandy
lcam originated on glacial till. The forest floor
is about 1 in. thick and has a 50 per cent moss
cover. The Al horizon is 4–5 in. deep. The pH
throughout the profile is about 5.3, and the
cation exchange capacity decreases from 12 meql
100 g at the surface to 5 meq/100 g at a depth of
2 ft.~s)

METHODS
Eachplotconsistsofacentraldominanttree

withoutclosecompetitionfromotherdominants
(SeeFig.1).The forest floor and/or surface
soil of 225 in.z areas arranged around the central
tree were sprayed with tracer solutions of known
specific activities. Tension Iysimeters, installed
under the forest floor and 6-8 in. in the surface
soil, collected soil solutions. The tension lysirneter
consists of a porous plate that can be readily
inserted withitl a fhrest soil with a minimum of
disturbance (o the ovcrl~ill~ s}stcIII. A tci~sion
placed against the porous plate by a controlled
vacuum system eliminates the soil solution and
air interface problem inherent in the drainage of
most lysimeter designs.{s)

Uptake patterns of the tracers by the central
tree were obtained- by periodically sampling
young foliage of midcrown positions. A steel
tower erected alongside tile tree facilitated
access to the crowl~. The return movement of
mineral elements was sampled with litterfall
troughs placed radially from the tree, and a

rubber channel seaIed around the .:-v,

Rainwash solutions from the troughs and .-l
were led through mixed bed ion exchanger●,!
columns which contained porous plastic I:...
to prevent cky.jging of the resins. c, i, ,4
siphontube flowmeters were used to ml,!. !
the flow of solutions at several sampling p,:
The discharge of the flowmeter by siphonJ( ,
cools a positive temperature coefficient rc..
which then causes a relay to activate an c,c

. . .
recorder. Incommg precipitation was mcx,. ~,
by rain gauges placed on two of the [,),,-
Forest floor and surface soil temperatures~,,-
recorded continuously at OIIe location in ,
forest stand. The radioactivity ofa few lysirr.,-
solutions was recorded continuously with the ,
of through!low GM-tubes. A control p],,!
monitor background activity due to radio~.:. ~
fallout products in the samples was maintd..,
throughout the study.

During 1964, 12.5 per cent of the tota[m:.
.

activity per plot was apphed on the forestIi,,
and 87.5 per cent directly on the surfaceO{:,
mineral soil. The forest floor was separatedZ,
lifted off the application area with a boardJ,
replaced after treatment of the exposed ~,
surface.

The solutions, exchange resinsand treeO-W.
were sampled periodically. Thesohltionvolurw

were determined by weighing to prevent cr,
contaminations. Excess radioactive leacl!~.
were evaporated in the field in a barrel }ri:1
floating heating element.(g) A mercury s},;:.
disconnected the heating element when ::,
solution dropped below a given level.

one-liter samples were evaporated and ,.
dized in the laboratory and assayed for r,vi
activity. The exchange resins were elutcd ~.
2--3 volurncs of 10 pm cent HN03. The C]IL!.

were evaporated to dryness, oxidi~ed ~:,
assayed for radioactivity. The foliage sarn;ti
were slowly ashed at 450°C, taken up il) ‘
HN03, filtered and assayed. Calcium irr~:,
foliage samples of 1964 Wasprecipitated OI!I:

the oxalate method~lo) to reduce the radim(;
ity due to faIlout products.

All samples of 1963 were assayed for !-
activ’ily by d]e Radiation Biology IACN,N:
During 1964 the gamma radiation of Wit) ,,.
measured using a 4-in. scintillation cryst,~li-
multichannel analyzer. Data on recovcn



.-.

$

Aid

H. RIEKERK nm! S. P. GESSEL 1365

T(tble 1. Rde.r of a$,!dicdion @FzP, aoRb, and 45Ca
— -.

—. lg(j~ ‘- “- ‘- 1964
Sl)rin~ Fall Spring Fall

nl(l~in.z ‘l’olal nlCi mCi/in.2 ‘1’otd mCi mCi/in.z ‘l”o~al mci mCi/in.2 Total mCi
— —

. 0.018 12 0.016 17 ‘“ 0.056

., 102 0.056 100
0.017 Jo 0.023 25 0.111 200 0.111 202*,, 0,00!) 6 o~lo 11 ().ol8 y? 0.017 30
...——_ ___

~H”@“! clcrnrnts is given in the tables and
k.’~ a<parts per million (ppm) and expresses
:IK[:.mien of the radionuclide recovered in a
* l’his can be converted to per cent by
::’ J.L:l~by 10,000,

tlESIJLTS AND DISCUSSION

1~!~r 1 presents information concerning the
“1‘.= ~r application of the tracers. IJargcr
1:7. :.!~Iulvc I)ccn applied (Il]ring 19(;4 IMX:lUSC
IIo “ rn~}>hasison the measurement of uptake
:,, “.!). and subseql]ent return to the soil with
L vXJIIand rainwas}).

T~c r-mint data have been corrected for decay
I.Ii !l.~ckgrollnd radiation due to fallout prod-
M“. The corrected data were converted to
:.I.~:{ per min~m], and to ppm of the remaining

radioactivity after subtraction of leaching
losses. Table 2 presents the totals Ieachcd during
the various periods of sampling.

The ratios between the amounts released by
the forest floor and the surface soil during similar
periods of leaching indicate the degree of
retention in the surface soil. Phosphorus and
rubidium appear to be retained more than cal-
cium. For phosphorus this might bc related to
the Iligll ir(m content of tltc soil as indicated l)y
the presence of iron concretions throughout the
surface soil. A potassium deficiency of trees in
tbc general area may indicate a hig!l potassium
fixation in the soil,[ll~ and \-cry likely also t
rubidium. Calcium has also been reported to
move through the soil at a 10JVrate.(3)

Some variation between the levels of total

Table 2. Parts@ million* of 32P,s’3Rb and 45Ca re!tased by the fores!joor and surface soil
———._ _ .——

1!)63 1964
Spring I;all Average Spring Fall

~‘l”r of application ppm days ppm days ratiot ppm days ppm days
———

‘1’ l’orcsl floor 149,000- ‘1 p3,30~ 48 37,poo 78 38,~00 1’33
surf~~et.~il 31 4 26 72 0 78 4721 133
Ratio 4800 900 ~~oo — 8

“K !1I’Olcsl floor 18,800 4 13,400 135 — — 99 I33
Sulf~~esoil 54 19 98 — — 8 133
SurLrrcsoil —— —— — — 1 133
R.,llio 3750 — 710 — 2200 — 12-99

‘:(h Forest floor 572 4 662 72 848 78 8650 132
Forest floor 41,200 454 1020 251 16,400 290 —
.%lrfacesoil 24 22 72 0 78
Surfacesoil

27 132
2 454 49 251

Surface soil
2080 320 —

— — o 11 132
Surf~~e soil 731 320
Ratio . 286 30 160 — 3~o:79Q

Ratio 20,500 82 8-22 —

.-
* Parts per million x 10—4==per cent.
“ i’ar[ial application to the mineral soil makes direct compa:iwns im,alid for 1964 data.

,,
,. .,,..’.:

“L .. ‘

.4”
‘w- 4
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FIcJ. 2. Parts per million* of 32P, s6Rb and 45Ca leached through the forest floor.

release might be explained by the total amount
of forest floor and surface soil above the Iysim-
eters. This etI’ect is particularly noticeable
in the release patterns of calcium applied during
the fall of 1963, and rubidium applied during
the fall of 1964 over the same lysirneter (see
Fig. 2).

The data as presented in Figs. 2 and 3 indicate
a pronounced flushing effect immediately after
the first fall rains. This is particularly so in a
few of the calcium collections made just before
and after these rainstorms. However, a state of
nonequilibrium of the newly applied tracers may
have confounded the picture. This is indicated
by the very high values of 32Pand ‘“Rb colleeted
under the forest floor for only a few days after
application during the spring of 1963 (see
Table 2).

The release of 32P from the forest floor, as
presented in Fig. 2, shows a decreasing trend in
contrast to *6Rb. - This might be explained by a

* Parts per million X 10-4 = per cent.

rcduccd microbiological activity due to ik
lower temperatures of the season. However, (}<
e(rects of continued phosphorus fixation miyk
be a significant factor. It is also known du:
potassium is more mobile when the soil systm
becomes suKlciently moist.(lz)

The release patterns of calcium from the form
floor show considerable fluctuations, but withI
generally increasing trend. The absence oi ~
fall-flushing effect of the newly added ‘Ca ma
ir.dicate a slower movement through the fiJrW.

thor. This is more clearly indicated by (!<

~c lease patterns of calcium new! y added to I:~

surface soil (see Fig. 3).
Figures 4 and 5 present the data expressed ~

cmrnts/min/ml Ieachate. Here, the dilutim
effects of incoming precipitation may bc Cb
served. For example, the 45Ca concentratiortd
the forest floor leachates sampled just beforeJti
after the first rains of fall 1963, and of thesurk
soil during fall 1964, is decreasing (Fig. 5); \.
the total amounts (Fig. 2) show a sharp incrc~~
A similar treml may be observed for the rclr~

L-2
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ww of B$Rb fmm the surface soil during the
~. d 1963 (JF’& 4~

V.r uptake data arc presented in Fig. 6. The
~ qq]c~red in the trees withiu a week after
~l;J~Jlio~. The uptake during the spring
~AIt3 \yasabout ten times that for the fall
r~k::1, The llptake of stRb was much dower
II!dI!N significant abut a month after appli-
:AJ,nto the soil. The fall application of 86Rb
r~inot appear in the foliage samples. The
ir;tinghctor is most likely to be located in the
tii }vs[ern,because the phosphorus uptake indi-
wzd a sufficient biological activity of the trees
~ t!~~ttime. The count data for AsCa after
Qmica! separation did not show a significant
&tii~y.
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