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ATSORPTION EQUILIBRIA BETWEEN EARTH MATERIALS AND RADIONUCLIDES,
CAPE THOMPSON, ALASKA

By

J. H. Baker, W. A. Beetem, and J. S. Wahlberg

ABSTRACT

The concept and the derivation of a distribution coefficiz=nt
are developed. Ion éexchange and the nature of competition among
cations are given. Distribution coefficients for carrier-frze
cesium, strontium, and iodine were determined on 17 samples collectec
during July, 1961, in the vicinity of Cape Thompson, northwestarn
Alaska. High percentege uptake of these ions was measured under the
test conditions. Cesium adsorption, at 1 day, was found to be re-
presented by the mass-action equation. The distribution co=fficients
for cesium adsorption were so large that, in a1l but a few cases, wery
little of this nuclide would remein long in solution in th~ natural
waters of the area, Strontium adsorption was found to be a function
of the calcium-plus-magnzsium concéntration and to be independent of
the sodium concentration. In most samples,; (ts equilibrium is reach-d
in less than 1 day. Tocdine sorption varied with percent srga-ic mati-r
in the samples. TIf the iodine were Iin contact with orgenis mazi-r
for several days, a substantial paert of it probably would b= removed

from solution in the natural waters.



ADSCRPTION EQUILIBRIA BETWEEN EARTH MATERTALS AND RADIONUCLIDES,
CAPE THOMPSON, ALASKA

By
J. H. Baker, W. A. Beetem, and J. S. Wahlbzrg

SOME PRINCIPLES OF ADSORPTION AND ION EXCBANGE

General aspects of the distribution coefficient

When waterscontaining a dissclved radionuclide come in con-
tact with earth materials some of that radionuclide will be zorbed
by the earth material. OSuch sorption results from a varlety of
chemical reactions. For example, strontium might bacome incorporaled
in insoluble calcium carbonate or calcium phosphate, or it might be
attached to clay minerals or decomposing organic matter by ion ex-
change. Ion exchange is a common mechanism for sorption ¢f ions,
vecause natural materials such as clay minerals and organic matbher
have high exchange capacities and are widely distributed in nature.
Regardless of the mechanism by which an ion is retalined by
earth materlal, the distribution of the substance batwmen water a.c
the earth material can be described by the distribution coefficiernt
Kd’
the fraction of the substance that is sorbed by the earth materiatl

formulated by Tompkins and Mayer {(1947). Thus, if £, cepresents

and l~f5 represents the fraction remaining in solutior, then

v
K- - - M s (1)

where V¥ is the volume of solution in milliliters aznd M is “.p2 pass

of =arth material in grams.



Kq

gram of earth material to the amount of substance per milliliter

represents the ratio of the amount of substance sorbed per

of solution., The emounts may be expressed in any convenient unit.
t

When XA is changed, i?%_ changes put the distrivution coefficient,
s

M
K4» remains constant (Thompkins and Mayer, 1947)). Hence, values

of Kd measured at one % ratio can be applied to systems having

other % ratios. For exemple, for a distribution coefficient of

100, the percent sorbed under changing values of % would vary as

follows:
V/M 1 10 100 1,000 10,000
Percent sorbed 99 91 50 9.1 0.9

Thus, for a stream with a suspended-sediment concentration of

100 ppm (parts per million) % is 10,000, and, under a K, of 100,

only ebout 1 percent of the radionuclide would be sorbed on the
suspended sediment.

Although 1t remains constant as the ratio of volume of solution
to mass of earth material varies, the distribution coefficient, Kd,
usually changes as the composition of the solution varies. If the
process of radionuclide adsorption is that of ion exchange, the
effect of changes in composition of the solution can be predicted
from one of the equations describing ion-exchange egquilibria. Some

of these equations are reviewed below.
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Ton exchange end the equilibrium constant

When the exchanging ions have the same valence, all theories of
ion exchange yield the same equation, Thus, if adsorbed sodium is

replaced by cesium the reaction may be represented by

N+

* CSZ %(solution) (2]

Na} = cs? N
(adsorbed) solution) © 7 (adsorbed)

and the equilibrium constant, K, for the reactlons may be =xpresscd
by
+ +
B (Cs )a (Na )S

+ +
(Cs7), (Na”),

(2)

where the brackets represent activities and the subscripts "a'" and
“s"'refer to the adsorbed and solution phases respectively.

The equilibrium constant, K, mey be expected to differ according
to the type of exchange sites at which the ions are adsorbed--for
example, carboxyl groups of organic matter and the surfaces of clay
minerals. Unless they are substantial, however, the differencae
among the values cf K for the .several types of sites in a givin

earth material may not be detectable.



Several equations have been proposed to describe the equilibria
when the exchanging ions do not have the same valence. For the re-
action,

+ +

+ + + +
g2 Na  +8Sr_ =Sr +2Ne , (4)

the mass-action equilibrium constant may be expressed as

(Sr++)s (Na+)§

K = (5)

(s+*), (neh)?,

For this reaction (4), enother equation has been derived by Krishna-
moorthy and Overstreet (1949), as follows:

(e*)? (e
X = : (6)

(Na+)2S (Sr++)a (Na+ + 1.5 5r7)

a

The equation derived by Eriksson (1952) on the basis of Donnan theory
is
(a*)?_ (sr™)_ ¢

K S

B (Na+)2s (Sr++)a (Na+ + 2 Sr++)a u ™

In these equations the quantities of the ions edsorbed are expressed
in moles per gram of exchanger and the concentration of the solution
in moles per liter. If the concentration of diffusebie anions in

the exchanger phase is very small, the factor (Na+ + 2 Sr++)a is
approximately equel to the exchange capacity C; urnder these conditions

Eriksson's equation (7) becomes identical to equation (5).



BEriksson (1952) also derived an equation based on the Gouy
theory of the diffuse double layer. This equation, as formuleted by
Bolt {1955) expresses the ratio between the sodium adsorbed and the

exchange capacity of a sodium-strontium system; thus

(Na+)a r  sion T ™B
R = + o ++ (8)
(na* 5™ B r+ b v N (srt,
where the amounts of adsorbed ions are expressed in milliequivalents
(Na™)
per gram, r is the ratio —————::5— with the concentrations expressed
N (srtt)

5
in moles per liter, I' is the cation-exchange capacity per unit surface
area (surface charge density) expressed in milliequivalents per square
centimeter, B is a constant equal to 1.06 x 10™ centimeters per milli-
wole at ZOOC, and VC is related to the degree of interaction between
the clay particles and for most cases can be taken as unity. Accord-
ing to this equation the retio of sodium to strontium adsorbved is
(Legerwerff and Bolt, 1959)

1 sinh > ™B

(Na+) R ™B ro+ &V \f(Sr++)s (Na+)5

™ 1R 1- r sinhl ™B 'J(Sr‘”‘)s (9)

™3

r+ 4LV ‘\/-(Sr++)
c s
so that

(va®),  x (ne')_

10
(sr++)a \f(Sr++)s (10}

This is the Gepon equation, in which k is an "exchange constant."”

10



Bolt (1955) found that experimental results for sodium-calcium
exchange on illite could be fitted quite well {0 this equation using
a value of 0.0125 for "k" when the concentrations of the ions in the
equilibrium solution were expressed in milliequivalents per liter.

In addition, Lagerwerff and Bolt (1959) found that theoretical
values of "k" calculated from the double-layer equation, equation
(10), agreed well with experimental values for potassium-calcium ex-
¢henge on montmorillonite but not with those on illite.

Certain clay minerals of the montmorillonite and illite types
are known to "fix" potessium, rubidium and cesium. These elements,
presumably because of their ionic radii, fit into the hexegonal
spaces between silicate layers in such a configuration as to make
their removal very difficult. Thus, in the case of potassium-calcium
exchange on illite, the theoretical and experimental values of "k"
deviated widely, presumably owing to such fixetion of potassium by
illite. The double-layer equation alsc has been reported to describ:
sodium-calcium exchange in soils (Richard end others, 1954), For a

large number of soils the exchange constant averaged 0.015.

Competition among cations

Natural water commonly contains several cations; sodium snd
calcium usually predominate. A radionuclide dissolved in such a
water must compete against all these cations simultaneously for
exchange sites on earth materials. To simplify consideratior. of
this phenomenon, 1little error should be introduced ordinarily by
treating all the natural monovalent cations as sodium and all the
natural divalent cations as calcium. However, this generalizahtion
way not vbe valid when the earth meterial conteins an appreciable
amount of clay minerals such as 1llite, which "fix" potassium in a

nonexchangeavle form.

11



Assuming thal the Gapon equation (10) with an exchange constant
of 0.015 is applicable, the relative competition with radionuclides
for exchange sites on earth materials, by sodium and by calcium,
can be evaluated. Thus, for an earth materiel having a cation-
exchange cepacity of 20 milliequivalents per 100 grems, the per=-
centage of exchange sites occupied by sodium among several concentra-

tions of sodium and calcium, would be as follows:

Composition of solution Percent sodium saturation
(equivalents per million)
Calcium Scdium
0.0L 0.2 2
2 .2 1
1.0 1.0 2
2.0 2.0 3

In natural fresh waters of the area considered ater in this
report, the concentration of all cations generally is less than 4 epm,
and in most of them the concentration of caleium is greater than that
of scdium. According tc the preceding calculation, therefore, less
fhan 3 percent of the exchangeable cations should be scdium. Evidently
1he adscrption of radiosctive cations onto earth materials depends
primarily cn the concentration of calcium, or of calecium plus magnesium,

in the waters of the area.

12



The effect of calcium concentration on the distribution
coefficient for strontium adsorption under competitive ion exchange

can be derived for the reaction

++ o+ ++
Ca_~ +5r " =8r_~ + Ce (11)
using the mass-action expression
(Sr++) (Ca++)
a 8 "
D -+ (12)
(sr™h (ca™"),

To ensure that K will be constant the activities of the ions in
solution and of those adsorbed must be used. In dilute solutions
the activity corrections for strontium and calcium ions will cancel
each othery so that the concentretions of the ions may be inserted -
in the preceding equation. For the edsorbed ions, however, there
1s no generally acceptable method of calculating activity coefficients.
Because of this and other uncertainties--in particular, the possible
variation in K for different types of exchange material--it seems
advisable and permissible to replace the equilibrium constant, K,
with an "equilibrium coefficient," K', and to use concentrations
rather than activities, recognizing that K' cannot be expected to

remain strictly constant.

13



For strontium adsorption the equatipn would be

K. = = 13
a 1-fS M (Sr++)s
gt
where the ratio is in milliliters per grem, and
Sr
S
o+t ++
K' = (SrH)&(CaH) 2 (14)
(sr77) (ca™) ,

where the parentheses represent the concentrations of the ions. Then

(ca™™),
XK' =K, —— . (15)

This can be transformed to

K'C
K

- ; (16)
d (ca™)  + k' (s
5 8
that is, the sum of the exchapgeable caticns in which C represents the
cation-exchange capaclty of the earth material.

. -+ -
C = (Ce )a + (Sr Yo

The concentration of strortium in natural waters ordinarily is small
and much less Than the concentration of calecium; alsc, the value of
K' should zct b2 much greater than unity. Under these conditions,
the term K' (Sr™')_ relabively 1s so small that it may be neglected
and equation (L6) reduces to

X'C

Ko = ey (1)
(Ca s

for a homovalent system such as a calcium-strontium systen.

1h



A sinilar transformetion for & calciume~cesium system would
stext with
4 trat
s v (Cs )“

.

= = 18
=TE N @, (18)

in milliliterse per grem, and

(Cs*)i (Caﬁ+)§'

X' = . (19)
+ 4+
(0s7), (Ca™"),
Then
(k)% (ca™)
K' = — (20)
. g '
(a™),
which, using C = (Ca++)& + (Cs+)a, can be transformed to
2 K'C
(Kd.) = (21)

(Ca++)s + K (Cs+)§

As for strontium, the concentration of cesium in natural waters
ordinarily is much less then thet of calcium and the term K' (Cs+0§

may be neglected. Thus, equation (21) reduces to

2 K'C
(ca™")
g
In logarithmic form, equation (17) becomes
log Ky = log K'C - log (Ca™)_. (23)

15



Accordingly: (1) The value of Kd for adscrption of strontium
in competition with celcium becomes virtually independent of the
strontium concentration and becomes a function of the caleium con-
centration in the solution and the exchange cepecity of the solid-

phase material. (2) The K. for radioactive strontium thet may be

added to the natural systeg shculd not be effected appreciably by
the concentration of strontium in that natural system. (3) A plot
of log Kd for strontiun adsorption sgainst log (Ca++)s should give
a straight line with a slope of -1l.
Likewise, for cesium adsorption, equation (22) beccmes
2 log Ky = log K'C - log (Ca++)S , (2%)

which may be rewritten as

log K, = % log K'C - % log (ca®™), (25)

Accordingly, a plot of log K, egeinst log (Ca++'.)s should give a
straight line with a slope of -3. Hence, variation of calcium
concentration in the solution should have even less effect on

ceslum adsorption then on strontium edsorption.

16



Adsorptian of anions

Just a8 cations may be sdsorbed at negatively charged sites
on earth materials, so anions may be adserbed at peositively charged
sites. In most soils the capacity to sord anions is small but in
scme soils the sarption of anions may be suhstantial (Themas, 1560).
At certein pH values, iron and aluminum precipitates can form in
soile} Schofield (1930) has shown that these precipitates can serb
enions such as chloride under acid ceonditions. COther sources of
positive charge ma& be broken egges of cley aminerals and organic
wetter. Phosphate lons are strongly retained by most soils through
the formation of ingoluble iran and aluminum phesphates in acid
soils, and caleium phosphates in neutrel and alkaline soils. When
radiocactive anions are adsorbed by anion exchange the adsorption
should be dependent on the concentratiens of natural anions in
the system just &s the adsorption of rediosctive cations is dependent
on the concentratiom of natural cations.

EOPER IMENTAL WORK

Lamar (1960) summarizes the chemical composition of natural
waters in northweetern Alaska as two principal types, low-chloride
and high-chloride. The high-chloride waters in the ares are mostly
sea water or those assaciated with sea water. This type of water
was not caneldered in these studies. Among the low-chloride waters,
{1) total cation concentrations generally ranged from 0.25 to 4
equivelents per million, (2) the ratio of the calcium-plus-magnesium
ion concentration to the sodium-plus~poteseium ion concentration
ranged from 0.33 to 40, and (3) the ratio of bicarbonate ion to
sulfete ion renged from 0.3 to 10.

7



Nine soluticns were prepared to simulate the range in composition
of the natural low-chloride waters; their chemical composition is given
in teble 1. Among these solutions, total cation concentration was 0.2,
1.0, or 4.0 esquivalents per million. At each of these three concentra-
ticns; the ratlo of calcium-plus-magnesium ion concentration to sodium
ion concentration was 0.5, 2, or 5.

The salts used for preparing these solutions were calcium sul-
fate, magnesiﬁm sulfate, and sodium bicarbonete. No chloride ion
was added to the solutions because only low-chloride waters were
simulated. Chloride ion was not expected tc have an effect greatly
different from that of sulfate and bicarbonate lons on the adsorption
of carrier~free cesium, strontium, or iodine by the earth-meterial
samples.

The geology in the vicinity of Cape Thompson has been described
by Kachadocrian and others (1960). The information required to plan
the sampling of the vegetation and earth materials was drawn from
this backgrournd material. The samples--of bedrock, taltus, soil and
tundra--were collected July 8-18, 1961, by Reuben Kachadocrian and
A. M. Piper in commection with hydrologic investigation of the area.

Lecations end charecteristics ¢f the samples are presenied in table 2.

18
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Table 2.--Description and location of samples from vicinity of

Cape Thompson

Sample
number Description Loca*ion
61 AK4 1 Limestone from bedrock outcrop 165°48100™W. ,68°06'22'N.
Cape Crowbill
61 AKd 2 | Limestone talus 165°4800"., 68°06'22"N.,
Cepe Crowbill
61 AKA 3 | Soil derived from limestone 165°48100"W., 68°06'22"N.,
Cape Crowbill
61 AX4 4 Vegetation, sphagnum moss 165048’00“W., 68006'22"N.,
Cape Crowbill
61 AKA S Vegetation, includes sphagnum | 165°U810O™., 68°061 22", ,
moss and grasses Cape Crowpill
61 AKd 6 | Vegatation, chiefly dry 165°u8100™., 68°06'22"N.,
J
Cape Crowbill
61 AKd 7 | Vegetation, chiefly moss 165°42'28"., 68°11133"%.,
61 Axd 8 Vegetation, tussock grass 165°121 28", 68011'33"N.,
61 AKG& 9 | Wind-blown sand and silt 165%42 128", , 68°11'33"N.,
61 AKd 10 | Siit =and sand from frost boil 165°u2'28"w., 68011'33"N.,
61 AKd 11 | Vegetation collsucted from 165421 28", , 68“11'33™.,
pord in € inckes of water
61 AKd 112 | Mudstons 16574314, , 68°06'09™. ,
Chariot site
61 AKd 113 | Silt and send from frost boil | 165°43'S5"W., 68°06'30"N.,
Charioit site
6L AKd 11k . 165°43'55™. , 68°06'29™N.,
Chariot site
61 AKd 115 . 165°43 156", , 68°06128"N.,
)
Chariot site
61 AKA 116 No. 165°43756™W., 68°06'26"N.,
Chariot site
61 AKd 117 Do. 165%43'56"., 68°0€'25™N.,
Charioct site
61 AKd 118 | Wind-blown sand and silt from | 165°43'56™., 68°06'24"N.,

frost boil

Cheriot site

20



The orgenic content of the samples was determinzd by the
procedure of chromic acid oxidetion and ferrous sulfate titration
(Peach and others, 1947, p. 5). The cation-exchange capacity of
the semples wes d=termined by the radio-cesium msthod {Beetem and
others, 1962); results follow:

Organic matter Exchange capacity
Semple number (percent.) (megq/100 g)
61 AKd 3 3.5 23
61 AKd 9 16.2 28
61 AK3 10 16.5 _
61 AK& 11 55.5 40
61 AKd 113 8.6 28
61 AKd 114 5.0 30
61 AK3 115 10.5 26
61 AKd 116 10.6 20
61 AKa 117 7.3 18
61 Axd 118 11.8 24

Distribution coefficients for the sorption of carrier-free
cesium, strontium, and icdine were measured on esack of the 18 semples
of rock, moss, and soils. Ten microcuries per liter of carrier-Tfree
cesium-137, strontium-85, cor iodine-131 was added ¢ porticns of each
of the 9 solutions simulating the composition ¢f ratursl waters near
the sample sites. The samples were equilibrated with those solutions
and aliquots ¢f the egulilibrated solubtion were remcved after 1 day and
6 days. The percent of the radioactive isotope remzining in solution

was maasured in these aliquots.
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Bach type of sample (rock, maﬂs; tussock, and soil) was treated
in & 4i{fferent manner. Rock samples weighing between 55 grame and
115 grams were placed in polyethylene beekers and equilibrwted with
100 ml ef selution 1. Moss-sample portions weighing 1 gram (fresh
weight) were placed in polyethylene bottles and equilibrated with
20 ml volumes of solutions 1 and 3; these samples were run in
duplicate. The tussock was divided into twe parte, root-mat and
crown. Portiene of each, welghing between 21. grams end 46 grams,
were placed in polyethylene beakers and equilibrated with 200 ml of
golution 2.

Duplicate l-gram (fresh weight) portiomns of the sotl pamples were
dried at 116°C for 24 hours and then equilibrated with 20 ml of each
of the nine solutions in polyethylene bottles. The dry weights were
used in calculating the Kd's. The results for the moss and the tussock
were expressed on a vasis of fresh-sample weight. The welght of rock
samples ysed for the Kd calculetions wag on the air-dried basis. The
rocks received no specisl treatment,

The distribution coefficlents for the adsorption of carrier-
free cesium, strontium, and 1odine by these samples, after 1 day and
after 6 dayes, are presented in tables 3-5. They were calculated frem

equation (1),

H
]

=
=|<
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Diatribution coefficients for adsorption of carrier-free cesium by J, H. Baker, W, A. Beetem,

Table 3.-~
fl. g, Euar, B, C. Gold%erg, R. A, Sample, and J. B

. Wahlberg.

Sample

8olution number

ey Desoription — - T T T 1-_5 5T 7 —|_ A )
- | | — - { = e
Qpe-day )

61AKd 3 | Boil from l{meatone 6,55 [13,000 |[14,950 1,320- L,320 | 5,280 | 2,760 | 3,350 | 1,880
61AKd 9 |Wind blown eilt 2,000 | 2,620 |[31,7h0 | 3,320 | 2,620 10,460 | 1,620 | 3,750 | &,500
61AKd 11 | Organioc bottom :

sludge, west pond 3,980 | 3,570 | 6,uu0 | 1,630 | 3,620 | 5,300 | 2,ko0 | 2,750 | 2,850
6LAKA 116 Froat voll 1,6b0 | 2,340 4,170 | 1,730 | 2,560 | 2,630 | 2,150 | 2,320 | 3,000
6LAXA 4 |Moas 59k - 4,0h0 - - r .- | - . .
61AKd 5 |Moae 1,520 - | 1,65%0 -- - .- - - -
614Kd 6 |Moas 1,78 - | 1,240 - -- - - - -
61AKd 7 |Moss 99 -— 168 -- - - .- . -
610K Ba |Greae -- 8.3 -- - - - -, - .-
61AKd 6b |Root met -- 164 .- - - - . ,' - -

8ix-day

61AKd 3 |8o1) from llmestcne | 12,800 | 10,560 |27,460 | 5,060 |1%,130 hc;,16o 11,900 ei,goo 8,200
€1aKd § [Wind blown eilt 3,970 | 5,420 (16,550 | 5,070 | 7,360 | 53,130 | 8,320 lf;,3'ro 17,300
61AKkd 11 |Organic bottam

sludge west pond b, 320 | 4,300 5,79 | 3,170 | 5,480 |1k,730 | 4,1k | L,0%0 | 2,590
61AKd 116{ Froat boil 2,120 | 3,980 | 8,620 | 5,660 | 9,000 | 49,130 | .6,9% | 9,070 {11,180
61aka b |Moss 1,820  -- | ssm0 | - A PR EER L
61AKA 5 |Moss 4,160 - 2,680 - . .. - : - P
6LAKA 6 |Mose 2,200 - | 3,38 I P - .. . -
6LAKA T |Moss 1,370 - 4,150 -- - - - - -
614Xxa Ba |Oraas -- 13 .- - - - .- - -
6144 8b |Root mat -- 138 -- - - - . - -




Table 4.--Distributlon coefficients for adsorption of carrier-tree atrontium determined by J. U. Baker,

R. S, Dewar, R, A, bemple, H. W. Vernon, E. Villesene, and J, 8. wahlberg.

8ample folution number
numbar Pescription T | 2] 31 &1 5 [ 7] 8 9
L i | | IS i e 1 -
One-day

614Ka 3 Scil from limestons 5T7 697 757 | L66| 222 Lo | T 55 1155
61AXa 9 Wind blown silt 207 496 | 1,407 91| 1l 285| 22 33 666
61AXad 10 Frost boil 1 305| 1,230 55| 10b 859 14 26 | 1,580
6LAKd 11 Organie bottom sludge,

vesat pond 1,984 2,210| 5,360| 364| 6| 12,210 73| 213L | 7,320
SLAKA 113 Froet boil 2kg Lps | 1,260 66| 131 2,501 15 26 | 1,100
61AKd 11k Frost boil 333 586 1,980 8| 130 3,650 =20 27 624
6lAK4 115 Frost boil 216 371 | 1,420 s5k| 10k 1,450 12 23 | 1,750
61AKd 116 Froet bofl 221 ko7 | 1,060 64| 118 2,170 14 31 | 1,210
BLAKA 117 Frost boil 282 4oy | 1,480 76| 139 2,410 16 3l 918
613 118 Wind blown debris off .

frost boil 227 377 | 1,100 88| 131 L,ob0( 19 29 888 -
61LAKE U Moas 1,260 - | 3,720 - -- -] -~ -- -
61AKa 5 Moses 696 -- 9bo - -- I - -
61AKa 6 Mosa 495 -- 631 -- - - -- -- -
61AK4 7 Mosa 713 e | 2,620 -- -- S - --
61aKA Ba Greas . 53 -- -- - | = -- -
614K 8b Root mat . 86 - - — | - “- -
61AKA 1 Limestone .85 -- - - - -] .- -- -
é1axa 2 Limestone talus 2.8 -- - - - S . - -
614Kd 112 | Tiglukpuk rocks 38 -- -- - - -—| - -- -

8ix-day

61AXd 3 801l from limestone 585 620 9k | 245]| 385 730 | 60 65 | 3,k00
61AK4 9 Wind blown silt 222 222 LB2 | 101 | 124 507 | 22 39 | k,9%0
61AKa 10 Frost boil 128 142 341 | 107 70| 2 32 | 4,130
61AK4 11 Organic bottom aludge,

weet pond 992 948| 1,190 | 369| bLsz 6,18 | 73| 127 [o,TOO
61LAKA 113 Froat hoil 150 205 550 &8 1 115 1,480 | 16 26 | 3,100
61AKd 11b Frost boil 236 300 702 | 85| 153 2,700| 27 37 | 2,439
6LAKA 115 | Frost boil 136 178| w0 | su| o 3,80 13| 22 |2,700
61AKd 116 Froet boil 13 190 630 70| 118 1,900 | 18 28 |[b,100
61AKd 117 Frost boil 230 300 855 80 | 132 2,100 | 16 32 | 3,200
61AKd 118 Wind blown debris off

frogt boil 150 1Ly 300 75 | 107 8715 | 22 36 |2,200
61AKE 4 Moas 450 .| 1,600 | -- -- | .- - -
61AK3 5 Moes 560 -- 930 -- - | - - --
6LAKA 6 Mosa 360 - 4o —- . - -- . -
61AKS 7 Moas 348 -- 670 | .- -- | -- -- -
61AX3 8a Grasg -- 43 -- R O .- -
6LAKG Bv Root mat - 98 .- -- - N - --
61AKA 1 Limestone .80 -- -n - - | - .. -
614Kd 2 Limestone tmlus 3.1 -- - - - | .- - -
61AXKd 112 Tiglukpuk rocks 75 - - - - U .- -
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Table 5,--Digtribution ccefficients for adso zion of carrier-
R. S. Dewar, R. :

free jodine determined by J. H. Baker
ahlberg.

Bample

Sclution numbar

nusber eeripe 1 T 5 T W T 5 T8 T 7 T 8 [ 3
One-day !

61AKd 3 Soil from limestone L5 12 7.2 1 7.0 12 2.8 6.5 h.7
61AKd 9 | Wind blown silt 95 22 12 30 L5 53 20 k2 | 6
61AKA 10 | Froat boil 16 11 1 1L 12 24 8.5 LN 1
61AKd 11 | Orgenic bottom

sludge, west pond 235 T 150 91 122 188 31 240 66
61AKd 113 | Frost boil 6.h 10 3‘1;‘ 16 7.8 7.1 5.6 3.6 %.5
61AK4 114 | Frost boil 1.9 3.3 .9 5.6 3.b 1.2 2.6 1.5 1.6
61AXd 115 | Frost boil 1.9 10 .ol 5.8 3.5 2.8 2.k 1.6 2.0
61AKd 116 | Frost boil 7.6 12 4.2 13 4.8 11 6.0 4.8 7.2
61AKd 117 | Frost boil 3.6 9.k b, 12 4,49 5.h bl 2.2 3.2
61LAKd 118 | Wind blown debris

off froet boil 22 8.1 10 21 14 1y 18 8.1 9.4
61AKd L Moss 68 .- 26 -- - -- “ - -
61AKd 5 Moss 61 -- 64 - - - - - -n
£1AKA 6 Moss 40 - 23 - - - _— - .-
61AKd 7 |[Mces 26 .- 21 -- aa -- .- -- -
61AXa 8s | Graaes . 8.4 - e - _— _—— . _—
614Kd 8b | Root mat - 2.7 -- - - - - - -
614Xa 1 Limestone .29 - - - - - - - .
63AKA 2 | Limeatone talus .12 - - - - . .- - .
61AKa 11z | Tiglukpuk rocks .0k - - - -- - - . -

Six~dey

61AK4 3 Soil from limestone 51 216 216 232 60 75 12 52 11
6LA4 9 | wind dlown stilt 1,090 345 76 W8 1,09 862 58 881 630
614Kd 10 | Frost boil 159 92 277 |1,0Lk0 139 27k €0 133 53
6L4KA 11 | Organic bottom

8ludge, weet ypond 3,970 1,90 |2,L50 [3,h80 [3,100 |2,070 [1,100 [&,0%0 [1,950
61AKd 113 [ Frost veil 50 80 73 100 3h 58 12 20 86
61LAXQ 11% | Frost boil 14 26 16 28 2U 7.2 12 1é 1k
61AKQ 115 | Frost boll it 32 19 23 16 19 6.4 9.0 26
614Kd 116 | Frost boil 4o 126 56 90 38 sk 12 30 93
61AKd 117 | Frost boil 29 113 38 9k ko ko 10 13 19
614Kd 118 | Wind blown dsbris

off frost boil 273 218 17% 260 20 115 198 175 89
61AK4 & Mogs 282 - 267 - - . - - .-
618Kd 5 | Moss 5Lo - 568 - -- - - - .-
61AKd 6 | Moes 288 | 233 - - - -- - -
614Ka 7 Moss 728 ~-| 905 -- - -- - - -
61AKQ 8a | Orass -- 23 . -- -- “- .- -- -
614Kd 8v | Root mat -- 4.3 - - - - . - —
6144 1 Limestone 60 -- -- - - N -- - - -
618ka 2 Limestone talus 1.2 - ~- - - - -- e -
61K4 112 | Tiglukpuk rocks .017 - - -- —- - - - -
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DISCUSSION OF RESULTS

Adscrption of cesium

The distribution coefficients for adsorption of cesium by
several samples showed large experimental scatter. However, as
suggested by equation (25), in theory they should be a function of
the square root of the calcium-plus-magnesium ion concentrations.
Figure 1 is a plot of the logarithms of the 1-day cesium distribution
coefficients against the logarithms of the calcium-plus-magnesium
ion concentrations., Lines of best fit have a slope of -%. Figure 2
is a corresponding plot of the 6-day cesium distribution coefricients.
The two plots suggest that, for the adsorption of cesium on these
particular earth-material samples, the mass-action equation defines
a limiting case, at least.

Values of the equilibrium constant (K') were computed from
equation (22} for samples 61 AXKd 3, 6L AKd 9, 61 AK4 21, and
61 AKd 116 and for certain clay minerals (after Wahlberg and

Fishman, in press). These values are:

Meterial Equilibrium constants (K')
61 AKd 116 2,100 - 72,100 3,610 - 3,720,000
61 AKA 9 2,190 - 128,000 8,750 - 3,400,000
61 AKd 11 4,360 - 50,000 5,610 - 171,000
61 AKd 3 6,220 - 78,500 62,800 - 5,220,000
American Petroleum
Institute Equilibrium
stendard clays constant (K')
Keolinite no. 4 2,000
Montmorillonite no. 21 7,700
Montmorillonite no. 11 82,200
Halloysite no. 12 5,260,000
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The above values of k' for the earth-material samplus from

Pl

Alaske rang: about as widely as those for ''standard ciays.” For
the earth mat-rials, The relatively large increas- batwuen 1 day and
6 days can b: best oxp.ain~d@ through “fixation” of cesium by 2:1 clay
minerals. In such minerals, a small fraction of the adsorbed cesium
i slowly converted to a nonexchangeable form, the mass-action
equilibrium does not apply to that fraction, and a n=w distribution
15 =stablished for whe residual =xchangeabl= cesium. At any given
Lime; therefore, only a pswudosquilibirum exilets. With passage of
time, the percentage of c-sium s$orbed comrtinuzs 0 incresase. Given
enough time for the "fixation” to proceed to completion, the amount
of cesiuvm adsorbed by 2:1 (montmorillonite-illite) clay minerals
wiil depend only upcen the cesium concentration and wiil be independent
of the caicium-magncsium ccne<niration.

Table 6 1llustrates the r=lative removals of cesium in 1 day for
several-% ratios of ecarth materiatl to solution. Thus, undar field
conditions <quavalent 1> thosm of th: onz-day *>s%s, the movement of

czsium i1onc through or ov-r carth mat:zrial w11l b: siow inderd.
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Adsorption of strontium

Figures 3 and L show respectively the l-day and 6-day distribu-
tion coefficients for strontium sdsorption on samples 61 AKd 3,
61 AKd 11, and 61 AKd@ 117 v. the calcium-plus-magnesiuvm concentration.
The dashed lines in the two figures were calculated from the
theoretical relation, by modifying equetion (17) to

. - K c . (26)
¢ (ca™), + g™,

The equilibrium constant was assumed to be unity; the exchange-
capacity values were those listéd on page 1h. These theoretical
lines (dashed) and the lines of best fit (unbroken) agree in slope;
this agreement shows, as would be expected, that strontium adsorption
from the solutions was independent of the sodium concentration.
Calculation of the sodium-adsorption ratio (Bower and others, 1954,
p. 26) for these solutions indicates that negligible amounts of sodium
would ve adsorbed. Hence, sodium ions in the solutions would not be
expected to influence strontium adsorption. Although strontium
adsorption by the organic bottom sludge (61 AKd 11} was almost
exactly as predicted from equation (26), the results for most
samples from frost boils were lower than would be predicted from
that equation. The reason for this difference is not known.

Adsorption of strontium from solutions 6 and 9 was greater than
would be expected from the results from the other seven solutions.
The results from solutions 6 and 9 may be in error although no
source of error has been 1soleted.

The adsorption of strontium was rapld and the reaction was
apparently complete after 1 day. In the more dilute solutions,
however, the distribution coefficients after 6 days were less than
after 1 day. This is likely the result of soluble substances
dissolving fram the earth materiel and then replacing adsorbed
strontium. The results for the more concentrated solutions,  except

soluticn 9, did not change with time.
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The disnribution cocfficiants for adsorption of strontium by the
rocks wuy= smalicY then those for the other matwxals, probebly be-
cause th: surfa.w-1o-volum™ ratio of the rock sampiss was relatively
small. Even so, the sample of the Ogotoruk rock (61 AKd 1i2)
weighing 87 grame r:movid 97 prcent of the strontium from 100
milliliters of soiution 1n i day and 73 grams of the iLimestone
talus {61 AKAd 2) r-mov>d 67 percent of the stvrontium from 100
millilitsrs of solution in t day. Tebl:s 7 shows the percentage
renoval of carricer-free strontium in or- day by all the samples

<

= 1, and-z-n 100.

tested--af; the-i ratio of the tests W

v
M > M

Adsorption of iodins

The adsorpvuion of 1o0did= ions by the soil samples did not vary
systematically with solution composition. ard the disfribution
coefficients for many of the samplies increassd approximetely ten-
fold beiween one day and 6 days. The samples of moss and organic
sludge (AK@ 5 and 8K4 1) had re.ativaily high Gistribubion
coefficisnTe, F-gurt 5 pilote Lhs prrient oSrgaric matter in 10
samples agairers m2ar 1-éay disrribution coaffiizn’ for iodin=
sorptior: figurs 6, againe’ the 6-day valuse. both figores show a
definit> relation brwwcen afeorpiion of iodinn icrns and organic
content of the eampusse. Two rvractions may ©o Lavoivad: (1) anion
exchange &°, & LimiZ<d numbzr of sites on the zarfh-mavrerial semples,
and {2) fixation oF par- of the is>dir: by reaction with organic
mattar. Tn the firs* r=acvion, th Kd would dcpard on tokal anion
coneentration,; so tha' a piet simiiar to figurc 2 shcould show
vhatever in7 rdepondaety =xis*s, 12 the second r=action, the Ky
would b~ nearly jndsprrdent of Zons<utration of the solutions but
would dep=nd ¢z par:i nt organi: malvter, lapss of tim&, and temperature.
The edscrpzion >f 1odin: from soilutions probably combinss the two
reactions, with the e~cond becoming dominant with passage of time.

Tabile 8 further shows the effacts of re=action “ime.
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Distribution coefficient, meen for nine selutions
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Figure 5.—— lodine sorption v. percent erganic matter
for ten samples after one day.
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Distribution coefficient, mean for nine solutions
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