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DEFAULT SOIL SOLID/LIQUID PARTITION COEFFICIENTS, K,s,
FOR FOUR MAJOR SOIL TYPES: A COMPENDIUM
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INTRODUCTION

MATHEMATICAL models are used in many countries to
predict the dissolution of radioactive waste in under-
ground vaults and the subsequent transport of radionu-
clides through the geosphere and biosphere. It is important
to understand the interactions between radionuclides and
various media along the path to the biosphere, whether
disposal is in deep or shallow rock caverns or in shallow
overburden facilities. The preliminary or screening as-
sessments of the safety of these disposal concepts is usually
carried out using generic data; in other words, a specific
site has not been chosen. This precludes the use of pa-
rameter values measured in situ and relegates assessment
modellers to using generic data that may not approximate
real conditions (Till and Meyer 1983). Although such
generic values are not necessarily useful in predicting ab-
solute impact, standardization of generic data is useful.

Our research, using a soil transport model for the
assessment of our disposal concept, shows that only four
parameters are essential to accurately predict 50il concen-
trations from either contaminated ground water or irn-
gation water (Sheppard and Bera 1984 ). These four pa-
rameters, in order of decreasing importance, are: soil re-
tention, annual precipitation, soil texture, and depth to
the water table.

The soil retention parameter in most assessment
models is the soil solid/liquid partition coefficient, K,
{Till and Meyer 1983; Isherwood 1981). This empirical
parameter lumps all operating retention mechanisms into
one value (Ames and Rai 1978). The K; model assumes
that the liquid and solid phases are at equilibrium and
that there is a linear relationship between solute concen-
tration in the solid ( C;) and liquid ( C;) phases ( Sheppard
1985; Sheppard and Evenden 1988), as expressed by the
equation:

CJ = KdC/. ( l)

(Manuscript received 23 October 1989; revised manuscript received
28 February 1990; accepted 20 March 1990)

In the absence of detailed, site-specific information about
the soil (e.g., its pH, porewater composition, organic mat-
ter content, etc., and the specific reaction kinetics of each
element of concern), Kys are used as default retention
parameters. However, the K; model shouid be used with
caution in simple systems and for elements with a well-
known chemistry.

We have updated an earlier compilation of soil K,
values (Sheppard et al. 1984 ) prepared for assessing the
concept of disposing Canadian spent fuel deep in Pre-
cambrian Shieid plutonic rock. The objective of this note
is to publish this large volume of data, which includes
data from previous compendiums (Ames and Rai [978§;
Isherwood 1981), in a compressed and usable manner.
This compendium includes data from the earlier report
and from the recent literature and internal reports from
many nuclear and government laboratories. In addition,
we briefly discuss the factors that affect K, values, such
as soil texture, pH, competing cation effects, soil porewater
concentration, and soil organic matter content. This note
does not review the chemistry of the individual elernents;
for this, we recommend the original references docu-
mented by Thibault et al. (1990).

METHODS

This compendium includes all important elements
(Table 1) present in Canada’s nuclear fuel waste vault
inventory, with the exception of noble gases and H (Mehta
and Goodwin 1990). The data have been combined for
all isotopes of each element; we have included both ra-
diologically and chemically toxic elements. The data were
extracted from the literature and compiled in a comput-
enzed spreadsheet.

The mineral soils were categorized by texture into
sand, clay, and loam. The soils that contained =70% sand-
sized particles were classified as sand soils, and those con-
taining =35% clay-sized particles were classified as clay
soils. Loam soils had an even distribution of sand-,
clay-, and silt-sized particles or consisted of up to 80%
siit-sized particles. Organic soils contained >30% organic
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Table 1. Summary of GM K, values {L kg™") for cach element by soil type.*®

Element Sand Loan Clay Organic
Ac 450 1 500 2 400 5 400
Ag L d 120 180 15 000
Am 1 960 9 600 & 400 112 090
Be 250 800 1 300 3 000
Bi 100 450 600 1 500
Br 15 50 75 180
[~ s 20 1 70
Ca 5 30 50 90
cd 80 40 560 800
Ce 500 8 100 20 000 3 300
Co 4 000 18 000 6 000 ¢ 000
Co 60 1 300 550 1 009
Cr 70 k. 1 500 270
Cs 280 4 600 1 969 270
Fe 220 860 168 600
Bf 450 1 500 2 400 S 400
Bo 250 800 1 300 3 000
b 1 5 ! 25
K 15 55 75 200
Mn 50 750 180 150
Mo 10 125 90 25
Nb 160 550 900 2 000
3 400 300 650 1m0
Np ) 25 55 I 200
) 4 5 25 35 90
Pa 550 1 BDO 2 700 6 600
Pb 270 16 000 550 22 000
Pd 35 180 270 670
Po 150 400 3 000 7 300
Pu 550 1 200 5 100 1 900
Ra 300 365 000 $ I 2 400
Rb 35 180 270 670
Re 10 40 60 150
Ru 55 1 000 800 66 000
Sb 45 150 250 550
Se 150 500 740 1 800
(31 35 110 180 400
sm 245 800 1 300 3 000
Sn 130 450 670 1 600
Sr IS 20 119 150
Ta 220 900 1 200 3 300
Te o1 oJ I 1
Te 125 500 720 1 900
Th J 200 3 300 5 300 89 000
v 35 15 1 600 410
A 170 720 \ Q0 1 600
2n 200 1 300 2 400 1 600
2 600 2 200 3 300 7 300

* Values wvith regular nupbering are defsult values predicted using CRs.
® Values with ftalic bold numbering come from the liferature.

matter and were either classic peat or muck soils, or the
litter horizon of a mineral soil.

If a time series of K, values was reported, we used
only the K, values for the longest time since these values
would most closely approximate equilibrium conditions.
Only one value was entered for each soil reported in the
literature. For example, where K, values were reported
for the same soil for a range of soil:solution ratios, com-
peting cations, contact solution concentrations, or pH
values, the results were In-transformed and averaged to
provide a single geometric mean (GM) value. The trans-
formation was justified because soil K, values are Jognor-
mally distributed (Sheppard et at. 1984; Sheppard and
Evenden 1989). The single values for each soil were also
In-transformed, and GMs and geometric standard devia-

tions {GSDs) were determined for each element by soil
texture for the mineral soils and also for organic soils.
If no data existed in the literature for a given element,
the soil-to-plant concentration ratio (CR ) was used as an
indicator of the element's mobility and to predict a default
K4value (Baes et al. 1984; Sheppard 1985). The CR values
used were taken from Baes et al. (1984), This technique
1s successful because of the strong negative correlation
between CR and K, (Sheppard and Sheppard 1989). The
model used had the following form:
In K;= a+ STEX + b (In CR), (2)
where a, &, and STEX are constants. The values for the
coefficients were 2 = 4.62, and b = —0.5. The following
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are STEX values for each soil classification: sand, STEX
= =2.51; loam, STEX = ~1.26; clay, STEX = -0.84;
and organic, STEX = 0. The full regresston analysis, all
original tables, and the references are given in Thibault
et al. (1990) and can be obtained on diskette from the
authors.

RESULTS AND DISCUSSION

Factors affecting solute transport

The factors affecting element behavior in soil relate
primarily to speciation and reactiveness (Bond and Smiles
1988). Nonreactive elements do not interact with the solid
phase, and the K, value is zero; this is the case with H. If
the element is reactive, it may behave either as an anion
or a cation. The relationship between the porewater and
adsorbed or exchangeable phases can be linear or nonlin-
ear. If this relationship is nonlinear, the distribution be-
tween the phases is best described by the Freundlich iso-
therm (Sheppard et al. 1987; Sheppard and Thibault
1990). If the isotherm is or is assumed to be linear, then
the Freundlich and K; models are equivalent. Other ad-
sorption models are discussed in Rai and Zachara (1984).
At usual environmental concentrations, the differences
between linear and nonlinear isotherms are often very
small. The simplicity of the K; model and the lack of data
to accurately define the coefficient for the Freundlich iso-
therm favors the K; model for preliminary or screening
environmental assessments.

Factors affecting K4

Although much of the ancillary data needed to assess
overall trends in K values are not reported, soil texture
is generally available. The data for all elements were an-
alyzed using analysis of variance (SAS 1985). This showed

that in all elements, the texture of mineral soils did not
affect the K, value. Certain elements, however, such as
Ce, Pu, Sr, and Zn, showed an increase in K; values across
the whole texture range (Table 1 ). Other elements, such
as Am, Cm, Co, Cs, Mn, Np, Ra, and Ru, had the lowest
K, values in sand soils, but showed no consistent trend
for loam and clay soils. Grouping the elements by K, and
soil type emphasizes the variable dependence of the cle-
ments on texture (Table 2). We have highlighted T, I,
and U in Table 2 to illustrate some of the trends in the
data.

Including organic soils in this compilation adds an-
other dimension of variation. Organic soils have an in-
herently complicated chemistry, including a broad range
of redox conditions, and have the potential to form com-
plexes with contaminant elements entering the system.
We have not included K; values determined under anoxic
or anaerobic conditions because the greatest need is for
information about predominantly unsaturated soils. It is
these unsaturated soils that are used for upland crop pro-
duction, urban development, etc., and form some of the
direct exposure pathways to humans. The data for anoxic
conditions can be found in the detailed report of Thibault
etal. (1990). Higher K, values in organic soils were found
for Ag, Am, Cd, I, Ni, Np, Ru, Sr, and Th, compared to
mineral soils. Ky values were similar between organic and
mineral soils for Ce, Cm, Co, Cs, Fe, Mn, Mo, Pu, Tc,
U, and Zn. Cerium and Pu are more affected by clay
content and pH than by organic matter content { Cough-
trey et al. 1985). Cobalt is known to have complex re-
actions in low-organic matter sand aquifers (Killey et al.
1984). For Cs, Gillham et al. (1980) found that stable Cs
concentrations affected the X; value more than any other
soil parameter. Enhanced Tc sorption with increasing or-
ganic matter content has been reported previously (Shep-
pard et al. 1990), and yet our data do not indicate that

Table 2. Grouping of elements by K, values and soil type using GMs from this study. Defauit values are not shown
here. Technetium, 1, and U are highlighted to show the general trend with soil 1ype.

This Study
K, values
exp (u) Sand Loam Clay Organic
o @
1-10 @«o,Np @
10-100 Ag.Cd,Co, cd,Cr ,Np, Ho.Np o
Cr,Mn,Ru, SrW
X
100-1 000 Ce,Cs,Fe, Ag,Fe,Mn, Ag,Cd,Co0, Cd,Co,Cr,
N{,Pb,Po, Po Fe,Hn,Ni, Cs,SrW
Pu,Ra,Zn Sr
1 000-10 000 Am,Cm,Th Am,Ce,Co, Am,Cs, Py, Ni,Np,Pu,
Cs5,Pu,2n Ra,Th Zn
Zn
>10 000 Cca,Ph,Ra Ce Ag.Am,Pb,
Ru,Th
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Fig. 1. Geometric mean In X values for sandy soils vs. atomic number for all the elements, by group.

organic matter content has any more effect on Tc than
clay content (Table 1).

The soil:solution ratio can have a pronounced effect
on the K, value (Sheppard et al. 1983). The soil:solution
ratio in batch sorption studies is usually 1 g of soil to 10
mL of solution. In the field, soils are unsaturated most of
the time, with less than 50% of their pore space containing
water. Determination of X, values in batch experiments
for elements such as Tc, dependent on the redox status

of the soil or the porewater pH, may alter the system
dramatically and produce unrealistic results. The differ-
ences between K values determined in batch sorption
experiments and those determined in in-situ core or field
studies have been extensively documented ( Sheppard et
al. 1987; Hoflman et al. 1982; Matthies et al. 1989).
Solution or porewater conceniration effects on X
are usually the same for all elements. Data for Cs ( Hoeff-
ner 1985; Nikula 1982) and Sr (Nikula 1982) indicate
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Fig. 2. Geometric mean In K, values for sandy soils vs. atomic number for all the transition elements, for periods
1V, V, and VL,
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Fig. 3. Geomeltric mean In K, values vs. atomic number for the actinide elements for sandy soils.

that a decrease in the molarity of the solution results in The presence of competing cations will have a most

an increase in the K, value. Data for I, Tc, Np, Cr, Mo, dramatic effect on the sorption of elements that behave

Cs, and U (Sheppard et al. 1987; Sheppard and Thibault predominantly as cations, but can also have an effect on

1990) showed a similar negative relationship between anionic transport { Bond and Smiles 1988). For example,

porewater concentration and K after 1 and 4 y in undis- the sorption of Cd and Ra decreased when Ca was present

turbed sandy soil cores. in the soil porewater since Ca competes for the sorption
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Table 3. Comparison of our compilation with those of Baes and Sharp (1983) and Coughtrey et al. (1985),
This Studys Bavs & Sharpb _Coughtrey et al.c
Agricultural soils
and claye of
Elament Sand Loam clay organic pH 4.5 to 9.0
axp (M) Range axp(M) Rango exp{m) Rango axpimy Range axp (M) Range post Estinate Rsnga

Ac 450 Npd 1500 ND 2400 ] s400 NO ao KD 50 ¥o
Ag 90 2.7-1000 120 28-333 180 100-300 15000  €400-33000 110 10-1000 u 2000 1200-8700
An 1500 8.2-300000 9600 400-42309 8400 15-400000 112000  6398-450000 a10 1.0-47230 no L
er 15 8O $o WD 75 o 180 wo o "o <« wo
ca s 5D 30 wp so " 90 W €1 1.2-9.8 wo §o
cd 20 2.7-615 40 7.0-962 560  112-24%0 800 23-17000 €.7 1.26-26.8 32-50 wo
Cs 500 40-3968 8100 1200-56000 20000  12000-31623 1300 O 1100 58-6000 uo 1 I
cn 4000 780-22970 18000 7666-44260 600D w 6000 o0 3300 93.3-51900 XD 98.51000 2
o 60 .07-3000 1300 100-9700 550  20-34000 1000 120-4500 35 0.2-3800 wn XD 5
cr 70 1.7-1729 30 2.2-1008 1500 w 279 6-1517 o L] ¥ [ )
cr(2) o) D "o » [ ®D ) ] 2200 470-150000 ¥p o Z
[TXT 3} wp ND ND x0 ND wD [ ] WD 37 1.2-1800 no ND 2,
ca 280 0.2-10000 4500 560-61287 1500  17.31800 270 .4-145000 1100 10-52000 1000 1000-10000 2
Te 220 5-6000 300 290-2240 165 13-2123 600 0 85 1.4-1000 9 49
4 1 L04-81 H 0.1-41 1 .2-29 25 1.4-368 m 5D [X] XD
X 15 ND 58 L) 75 Lod 200 L] 5.5 2.0-9.0 w0 ND
Mo 50 6.4-5000 1350 4077079 120 23.6-48945 150 o0 150 ¢.2-10000 0 19.99 E?
Mo 10 1.0-52 128 L 90  13-400 5 18.50 20 0.37-400 [ up 2
Ni 400 60.3600 300 o 650  303-2467 1100 360-4700 w ] 020 N g
np 5 0.%-398 28 1.3-78 ss .4-2578 1200 #%7-1900 11 0.16-929 H S0 0.16-929 S
Pb 210 19-140% 16000 3500-59000 550 o 22090 9000-31%30 9% 4.5-7640 w b3
ro 150 8-1020 400 24-1430 3000 L 1300 ] 540 196-1063 o HD b
Pu 550 27-36000 1200 100-5933 3100 316-190000 1900  60.62000 1800 11-300000 5000 18-10000 -
Re e D «© L 50 m 150 . wm L] w0 L g
R 85 5.490 1000 » 200 wm 56000  33000-37000 220 49-1000 1-20 2] s
Se 55 36-70 150 ] 118 36-246 170 105-310 [+ w 8 o 5
se(4) No ¥ wo up "o WD w Np 2.7 1.2-0.6 L) " &
st 15 .05-190 20 .01-300 110 3.6-32000 150 8-4000 27 0.15-3300 w L] i
Te .1 .01-16 0.1 .01-.4 1 1.16-1.32 1 .03-340 .03 .0029-0.28 0.11 L. M
T 1200 207-150000 3300 w 5800  244-160000 89000  1579-13000000 60000 2000-510000 w D EF
u EH .03-2200 15 24500 1600  46-395100 410 33.73%0 as 10.5-4400 " " 3
Y 170 "D 720 L 1000 w 2600 R sive  160-16408 W mw -3
Zn 200 .1.8000 1300 3.6-11000 2400  200-100000 1600  70-13000 16 0.1-8000 20 [0 -

soa o

Traa our $tudy, Tablus A-3 to A-4.
Bses III and Sharp. 1943,
Coughtrey at al. 1985,
Mo data available
Pion Baes IIT ot al.

1984. (Table 2.13}
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sites. Gee et al. { 1983 ) reported a decrease in the K, value
for Cs from 1000 to about 10 when the molarity of NaCl
in the solution increased from 0.002 M to 1.0 M. Nikula
( 1982) also reported this for sarption of Cs on sediments,
and Hoeffner (1985) found this effect for Co and Sr for
several competing salts. Uchida and Kamada ( 1987), Ni-
kula (1982), and Routson et al. ( 1984) also confirmed
the effect of Ca on the X values for Sr.

Wolfrum and Bunzl ( 1986 ) reported that the K, val-
ues measured for Tc decreased with an increase in mo-
larity of CaCl; in the porewater of a sphagnum peat. Wolf
et al. {1977) found a decrease in K, value for I when Ca
was present. Since Tc and I usually behave as anions, this
is further evidence that the presence and concentration
of cations may have an effect on the migration of anions.

We examined the effect of pH on K for all elements
in all soils. It was expected that the K, value might increase
toward higher pH values since acidic conditions often tend
to keep contaminants in solution. No such effect was ob-
served, although we know that the sorption of many ele-
ments, especially the actinides (Coughtrey et al, 1985)
including Np (Nakayama 1988; NCRP 1988), is depen-
dent on soil pH (Buchter et al. 1989).

The K, data are most complete for sand soils, We
plotted the GM K value in sand vs. atomic number of
the elements by Mendeleev group (Fig. 1). Generally,
within each group the K, value increases with atomic
number except for group VHA, where I exhibited signif-
icantly lower K, values than all other elements. Techne-
tium, with atomic number 43 and a member of group
Vb (not shown in Fig. 1), has a GM In K, value of —2.7
and also deviates from this general trend. A plot of these
K, values for all transition elements vs. atomic number
shows similarity among periods and that the K value is
relatively constant across the periods (Fig. 2). A plot of
the GM K, values for actinides vs. atomic number indi-
cates that Np is the least sorptive (Fig. 3).

Comparisons of soil K, values with CR values taken
from Baes et al. (1984) for period 1VA and VA elements
showed the expected trends of high CR values corre-
sponding to low K, values (Fig. 4). This trend reflects the
negative correlation between the two (Sheppard 1985;
Sheppard and Sheppard 1989).

Comparison of data bases

The GM K, values are summarized for each element
by soil texture in Table 1, with the GSDs, ranges, and
number of observations given in the Appendix. Our Ky
values are compared to the well-accepted data of Baes
and Sharp (1983} and a more recent compendium pub-
lished by Coughtrey et al. (1985) in Table 3. Coughtrey

et al. (1985) do not include data for as many elements as
Baes and Sharp, but there is general agreement. To com-
pare the data of Baes and Sharp with our study, we used
only our data for loam and clay because these represented
the agricultural soils summarized by Baes and Sharp. The
GM K, values of Baes and Sharp are generally lower than
our values for loam and clay, except for Cr, Po, Pu, Sr,
U, and Th. Use of lower K, values would lead to lower
predicted soil concentrations in assessment models and
could underpredict doses in some pathways.

CONCLUSIONS

We have reviewed the literature and updated the soil
K4 compendiums published by Baes and Sharp (1983),
Sheppard et al. (1984 ), and Coughtrey et al. (1985). Our
compilation also specifies K4 values by soil type. We con-
clude the K} literature could be greatly improved if more
attention was given to comprehensive descriptions of the
soil used in the K; determinations. Examination of the
factors affecting solute transport, including solute reac-
tivity and dependencies on concentration, pH, and redox
status led us to conclude that the simplicity of the K
model presently makes it approprate for screening as-
sessments. Modelers must be cautioned that the use of
generic K, values can lead to gross error if used to predict
absolute impacts of a disposal facility; site-specific K val-
ues are essential.

This default K, data base allows some general con-
clusions to be made about K, values. Soil texture in min-
eral soils for all elements does not affect X;; however, for
certain elements {Ce, Pu, Sr, and Zn) an increase in sur-
face area, the predominant effect of texture, dramatically
increased the K, value. An increase in soil organic matter
generally increased the soil K value. The presence and
concentration of competing cations generally decreased
the K; value as expected, and pH had no significant effect
in all soils and elements. Plots of soil K4 values vs. atomic
number showed that X, tended to increase with atomic
number within the seven element groups. The K, values
for the actinides showed a distinct pattern, with Np as the
least sorptive and most mobile actinide element. For
poorly known elements, the use of the CR- X, correlation
and position in the periodic table appears to be a reason-
able method to predict a default X, vatue.
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Appendix
Table A-1. Sand soil K, values (L kg™').

Element 4 Observations v o® exp (#)° Range
Ac 6.1 450
Ag 12 4.5 1.8 90 2.7 to 1 000
Am 29 7.6 2.6 1 %00 8.2 to 300 000
Be 5.5 250
Bi 4.6 100
Br 2.7 15
Cc 3 1.1 0.8 5 1.7 toe 7.1
Ca 1.8 5
cd 14 4.3 1.5 80 2.7 to 625
Ce 12 6.2 1.6 500 40 to 3 968
cm 2 8.4 2.4 4 000 780 to 22 970
Co 33 4.1 2.8 60 .07 to 9% 000
Cr 15 4.2 2.1 70 1.7 to 1 729
Cs 81 5.6 2.5 280 0.2 to 10 000
Fe 16 5.4 2.6 220 5 to 6 0060
H 3 -2.7 0.4 0.06 0.04 to 0.1
HE 6.1 450
Ho 5.5 250
1 22 0.04 2.2 1.0 0.04 to 81
K 2.6 15
Mn 54 3.9 1.4 50 6.4 to 5 000
Mo 15 2.0 1.1 10 1.0 to 52
Nb 5.1 160
Ni 11 6.0 1.5 400 60 to 3 600
Np 16 1.4 1.7 5 0.5 to 390
P 1.8 S
Pa 6.3 550
Pb 3 S.6 2.3 27¢ 19 to 1 405
pd 4.0 55
Po 36 5.0 1.6 150 9 to 7 020
Pu 39 6.3 1.7 550 27 to 36 000
Ra 3 6.2 3.2 500 57 to 21 000
Rb 4.0 55
Re 2.3 10
Ru ? 4.0 1.4 5% 5 to 490
Sb 1 3.8 45
Se 3 4.0 0.4 5% 36 to 70
Si 3.5 35
Sm 5.5 245
sn 4.9 130
Sr 81 2.6 1.6 15 0.05 to 190
Ta 5.4 220
Tc 19 -2.0 1.8 0.1 0.01 to 16
Te 4.8 125
Th 10 8.0 2.1 3 200 207 te 150 000
U 24 1.5 3.2 15 0.03 to 2 200
Y 5.1 170
Zn 22 5.3 2.6 200 0.1 to 8 000
Zr 6.4 600

a Mean of tho natural logarithms of the observed values.

b Standard deviation of the natural logarithms of the

observed values.,
c Geometric mean rounded to two significant digits. Pefault

values for y and exp (x) have been predicted using CRs for
nuclides with no "4 Observations.”




-

T T T P PR R T e T

e e e

T

480

Health Physics October 1990, Volume 59, Number 4

Table A-2. Loam soil K, values (L kg™').

Element # Observations u ob exp (p)°€ Range
Ac 7.3 1 500
Ag 4 4.8 1.1 120 28 to 333
Am 20 9.2 1.4 9 600 400 to 48 309
Be 6.7 800
Bi 6.1 450
Br 3.9 50
C 2.9 20
Ca 3.4 30
cd 8 3.7 1.6 40 7.0 to 962
Ce 5 9.0 1.5 8 100 1 200 to 56 000
Cm 4 9.8 0.7 18 000 7 666 to 44 260
Co 23 7.2 1.3 1 300 100 to 9 700
Ccr 4 3.4 2.9 30 2.2 to 1 000
Cs 54 8.4 1.3 4 600 560 to 61 287
Fe 18 6.7 0.7 800 290 to 2 240
H 3.0 20
HE 7.3 1l 500
Ho 6.7 800
I 33 1.5 2.0 S 0.1 to 43
K 4.0 55
Mn s 6.6 2.6 750 40 to 77 079
Mo 4.8 125
Nb 6.3 550
Ni 5.7 300
Np 11 3.2 1.2 25 1.3 to 79
P 3.2 25
Pa 7.5 1 800
Pb 3 9.7 1.4 16 000 3 500 to 59 00O
Pd 5,2 180
Po 13 6.0 1.3 400 24 to 1 830
Pu 21 7.1 1.2 1 200 100 to 5 933
Ra 3 10.5 3.1 36 000 1 262 to 530 000
Rb 5.2 180
Re 3.7 40
Ru 2 6.9 1 000
Sb 5.0 150
Se 1 5.0 150
si 4.7 110
Sm 6.7 800
Sn 6.1 450
Sr 43 3.0 1.7 20 0.01 to 300
Ta 6.8 800
Tc 10 -2.3 1.1 0.1 0.01 to 0.4
Te 6.3 500
Th 8.1 3 300
u 8 2.5 3.3 15 0.2 to 4 500
Y 6.6 720
2n 12 7.2 2.4 1 300 3.6 to 11 QOO
Zr 7.7 2 200

Mean of the natural logarithms of the observed values.
Standard deviation of the natural logarithms of the
observed values.

Geometric mean rounded to two significant digits. Default
values for y and exp (ry) have been predicted using CRs for
nuclides with no "4 Observations."
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Table A-3. Clay soil K, values (L kg™').
: a b ¢

Element # Observations v o exp {p) Range
Ac 7.8 2 400
Ag 5 5.2 0.4 180 100 to 300
Am 11 9.0 2.6 8 400 25 to 400 000
Be 7.2 1 300 ”
Bi 6.4 600 3
Br 4.3 75
c 0.8 1 e
Ca 3.9 50 ¥
cd 10 6.3 0.9 560 112 to 2 450 ?
Ce 4 9.8 6.5 20 000 12 000 to 31 623 &
Cm 8.7 6 000 ﬁ
Co 18 6.3 1.8 550 20 to 14 000 ?
Cr 7.3 1 500 ~
Cs 28 7.5 1.6 1 %00 37 to 31 500 f
Fo 7 5.1 1.6 165 15 to 2 121 ’g
H 3.3 30 ’
HEf 7.8 2 400 %
Ho 7.2 1 300 Q
1 8 0.5 1.5 1 0.2 to 29 3
K 4.3 75 b
Mn 23 5.2 2.0 189 23.6 to 48 945
Mo 7 4.5 1.2 20 13 to 400
Nb 6.8 900
Ni 10 6.5 0.7 650 305 to 2 467
Np 4 4.0 3.8 5% 0.4 to 2 575
P 3.5 s
Pa 7.9 2 700
Pb 6.3 $50
Pad 5.6 270
Po 8.0 3 000
Pu 18 8.5 2.1 5 100 316 to 190 000 !
Ra 8 9.1 1.3 9 100 696 to 56 000
Rb 5.6 270
Re 4.1 60
Ru 1 6.7 800
Shb 5.5 250
Se 14 4.7 0.5 115 36 to 246
Si 5.2 180
Sm 7.2 1 300 !
Sn 6.5 670
Sr 24 4.7 2.0 110 3.6 to 32 000
Ta 7.1 1 200
Tc 4 0.2 0.06 1 1.16 to 1.32
Te 6.6 720
Th 5 B.6 2.6 5 800 244 to 160 000
U 7 7.3 2.9 1 600 46 to 395 100
Y 6.9 1 000
Zn 213 7.8 1.4 2 400 200 to 100 00C
Zr 8.1 3 300

& Mean of the natural logarithms of the observed values.

b Standard deviation of the natural logarithms of the

observed values.
c Geometric mean rounded to two significant digits. Default

values for ; and exp (p) have been predicted using CRs for
nuclides with no "# Observations."
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e |
Ak | Table A-4. Organic soil K, values (L kg™').
. Element f# Observations u? oP exp (p)°€ Range
§3; Ac 8.6 5 400
iﬁ Ag 4 9.6 0.9 15 000 4 400 to 33 000
pl b Am 5 11.6 1.7 112 000 6§ 398 to 450 000
2t Be 8.0 3 000
i Bi 7.3 1 500
B Br 5.2 180
3 c 4.2 76
kil Ca 4.5 90
i cd 9 6.7 2.3 800 23 to 17 000
Ce 1 8.1 3 300
Cm 1 8.7 6 000
Ce 6 6.9 1.5 1 000 120 to 4 500
Cr 4 5.6 2.7 270 §.0 to 2 517
cs 3 5.6 3.6 270 0.4 to 145 000
fo 1 6.4 600
H 4.3 15
Ht 8.6 5 400
Ho 8.0 3 000
I 9 3.3 2.0 25 1.4 to 368
K 5.3 200
Mn 1 5.0 150
Mo 3 3.3 0.5 25 18 to 50
" Nb 7.6 2 000
Ni 6 7.0 0.9 1 100 360 to 4 700
Np 3 7.1 0.4 1 200 857 to 1 900
} 4 4.5 90
Pa 8.8 6 600
Pb 6 10.0 0.5 22 000 9 000 to 31 590
Pd 6.5 670
Po 8.9 7 300
Pu 7 7.% 2.6 1 %00 60 to 62 000
Ra 7.8 2 400
RbD 6.5 €70
Reo 5.0 150
Ru 5 11.1 0.3 66 000 39 000 to 87 000
5hb 6.3 550
Se 4 5.1 0.5 170 105 to 310
Si 6.0 400
Sm e.0 3 000
Sn 7.4 1 600
Sr 12 5.0 1.8 150 8 to 4 800
Ta 8.1 3 300
iy Te 24 0.4 1.8 1 6.02 to 340
i - Te 7.5 1 9500
IR Th 3 11.4 9.6 8% 000 1 579 to 13 000 000D
L U 6 6.0 2.5 410 33 to 7 350
E.‘ b's 7.9 2 600
3 Zn 8 7.4 1.6 1 600 70 to 13 000
& zr 8.9 7 300
e 3
Do a Mean of the natural logarithms of the observed values.
; b Standard deviation of the natural logarithms of the
observed values.
c Geometric mean rounded to two significant digits. Default
K values for y and exp (¢) have been predicted using CRs for
nuclides with no "# Observations."




