Reanalysis of Boron Adsorption on Soils and Soil Minerals
Using the Constant Capacitance Model

Sabine Goldberg*

ABSTRACT

Inclusion of microscopic information improved the ability of the
constant capacitance model to provide a quantitative description of
B adsorption on various Al and Fe oxides, clay minerals, and arid-
zone soils as a function of solution pH. The same set of B surface
complexation reactions was used for all adsorbing surfaces. This study
tests the ability of the model to describe B adsorption using surface
configurations that had been observed experimentally. In the pre-
sent model application, both ftrigonal, B(OH),, and tetrahedral,
B(OH);, B surface complexes are postulated, consistent with experi-
mental spectroscopic results. Boron surface complexation constants
for Al and Fe oxides and kaolinites are not statistically significantly
different from each other. Boron surface complexation constants for
kaolinites are statistically significantly different from those for 2:1
clays and soils. Boron surface complexation constants for 2:1 clays
and soils are not statistically significantly different from each other,
reflecting the dominance of 2:1 clay minerals in B adsorption reactions
in arid-zone soils. Average sets of B surface complexation constants
provided adequate descriptions of B adsorption behavior on all adsor-
bents studied, indicating some predictive capability. The constant
capacitance model was able to predict B adsorption behavior on
additional arid-zone soils using the average set of B surface complex-
ation constants.

BORON IS AN ESSENTIAL MICRONUTRIENT for plant
growth. The range between deficiency and toxicity
symptoms is narrow, necessitating accurate quantifica-
tion of soil solution B concentrations (Reisenauer et
al., 1973). Because plants respond only to solution B
concentrations, adsorption reactions of B on soil miner-
als potentially attenuate phytotoxic soil solution concen-
trations. In arid areas, B toxicity results from additions
via the irrigation water and from high levels of B in
soils. In soil solution, 0.2 mg L™! is considered deficient
and 1 mg L™! is considered toxic, determined as hot
water—soluble B (Adriano, 1986).

Various modeling approaches have been used to de-
scribe B adsorption on soils and soil minerals. Histori-
cally, adsorption isotherm equations such as the Lang-
muir equation and the Freundlich equation provided
descriptions of B adsorption on soil materials (e.g., El-
rashidi and O’Connor, 1982; Goldberg and Forster,
1991). Adsorption isotherms are empirical models
whose parameters are only valid for the particular condi-
tions under which the experiment was conducted. More
recently, various surface complexation models have
been used to describe B adsorption on soils and soil
minerals (Goldberg and Glaubig, 1985, 1986a, 1986b;
Bloesch et al., 1987; Singh and Mattigod, 1992; Toner
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and Sparks, 1995). Surface complexation models are
chemical models that define surface species, chemical
reactions, mass balances, and charge balance. Surface
complexation models contain molecular features that
can be given thermodynamic significance (Sposito,
1983).

The constant capacitance model was developed to
describe ion adsorption at the oxide-solution interface
(Stumm et al., 1980) and has been used to describe B
adsorption on oxides (Goldberg and Glaubig, 1985),
clay minerals (Goldberg and Glaubig, 1986b), and soils
(Goldberg and Glaubig, 1986a). Conventionally, surface
complexation reactions for anion adsorption in the con-
stant capacitance model are written in terms of undisso-
ciated acids (Stumm et al., 1980). The number of anion
surface complexes considered is equal to the number
of dissociations undergone by the acid. Because H;BO;
is a weak monobasic acid (pK, = 9.2), Goldberg and
Glaubig (1985, 1986a, 1986b) considered one B surface
complex in their model descriptions of B adsorption.
For Al and Fe oxides and kaolinite minerals, good fits
of the model to the data were obtained by optimizing
only the B surface complexation constant (Goldberg
and Glaubig, 1985). To adequately describe B adsorp-
tion on the 2:1 clay minerals montmorillonite and illite
and soil samples, it was necessary to optimize values
for the protonation—dissociation constants along with
that of the B surface complexation constant. Even so,
chemically unrealistic values of the protonation—dis-
sociation constants were obtained in some cases, reduc-
ing the chemical significance of the model application
to a curve-fitting procedure (Goldberg and Glaubig,
1986a, 1986b).

Recent work by Su and Suarez (1995) has provided
direct spectroscopic evidence for the presence of B in
both trigonal, B(OH)s, and tetrahedral, B(OH); , geom-
etries on the surface of amorphous Fe oxide. The au-
thors analyzed mineral pastes using Attenuated Total
Reflectance Fourier Transform Infrared (ATR-FTIR)
spectroscopy. Because water was present in the samples,
the results of Su and Suarez (1995) are directly applica-
ble to natural soil systems.

The objectives of the present study are: (i) to reevalu-
ate the ability of the constant capacitance model to
describe B adsorption on oxides, clay minerals, and soils
including microscopic experimental information, and
(ii) to test the ability of the constant capacitance model
to predict B adsorption on additional soils. The B sur-
face complexes used in the model application will be
constrained to those observed in the spectroscopic study

Abbreviations: ATR-FTIR, Attenuated Total Reflectance Fourier
Transform Infrared; SA, surface area; suspension SD, suspension
density.
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Fig. 1. Boron adsorption on Fe oxides: (a) hematite, suspension density (SD) = 100 g L', surface area (SA) = 16.4 m* g”%; (b) goethite, SD =
25 g L7, SA = 31.2 m? g7%; and (c) amorphous Fe oxide, SD = 6.4 g L™}, SA = 112 m? g~. Squares represent experimental data. Model fits
are represented by solid lines. Model predictions are represented by dashed lines. Initial B concentration = 0.463 mM.

of Su and Suarez (1995). Inclusion of experimental spec-
troscopic observations into surface complexation mod-
els maximizes the chemical significance of model param-
eters. Identical surface complexation reactions will be
used for all adsorbing materials. The ability of the con-
stant capacitance model to predict B adsorption on addi-
tional soils using the fitted parameters obtained with the
improved modeling approach will also be investigated.
Predictive ability is an important criterion for incorpora-
tion of adsorption models into chemical speciation and
transport models.

MATERIALS AND METHODS

Boron adsorption envelopes on oxides (Goldberg and Glau-
big, 1985), clay minerals (Goldberg and Glaubig, 1986b), and

200

soil samples (Goldberg and Glaubig, 1986a) were determined
previously. Experimental methods and characterization of ad-
sorbents are provided in these references. Physical and chemi-
cal characteristics and classifications of the soils are provided
in Goldberg et al. (1988). The soil samples had the following
range of characteristics: cation-exchange capacity: 29 to 229
mol, L7, surface area: 28 to 196 m* g *, clay: 7 to 31% (smec-
tite: 0.2-15%, kaolinite: 1-28%, illite 0.75-10%, vermiculite
0.1-3%), inorganic C: 0.001 to 1.9%, organic C: 0.12 to 0.89%,
free Fe oxide: 0.27 to 1.7%, free Al oxide: 0.021 to 0.091%.

Boron adsorption isotherms were carried out on four addi-
tional soils using the procedure described by Goldberg and
Glaubig (1985). Surface samples of the Porterville (fine, mont-
morillonitic, thermic Typic Chromoxerert), Wasco (coarse-
loamy, mixed, nonacid, thermic Typic Torriorthent), Wyo (fine-
loamy, mixed, thermic Mollic Haploxeralf), and Hesperia
(coarse-loamy, mixed, nonacid, thermic Xeric Torriorthent)
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Fig. 2. Boron adsorption on Al oxides: (a) Alon, surface density (SD) = 10 g L1, surface area (SA) = 69.6 m*> g% (b) Aluminium Oxid C,
SD = 40 g L™}, SA = 96.9 m? g™% (c) pseudoboehmite, SD = 6.4 g L', SA = 227 m’ g'; (d) amorphous Al oxide, SD = 52 g L™}, SA =
163 m? g1, Squares represent experimental data. Model fits are represented by solid lines. Model predictions are represented by dashed lines.

Initial B concentration = 0.463 mM.
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Fig. 3. Boron adsorption on kaolinites: (a) KGa-1 well crystallized kaolinite, SD = 200 g L™}, SA = 8.1 m? g% (b) KGa-2 poorly crystallized
kaolinite, SD = 100 g L™, SA = 20.5 m’ g% (c) Georgia kaolinite, SD = 200 g L', SA = 6.9 m® g~'. Squares represent experimental data.
Model fits are represented by solid lines. Model predictions are represented by dashed lines. Initial B concentration = 0.463 mM.

soil series consisted of the <2-mm fraction. The background
electrolyte consisted of 0.1 M NaCl. Physical and chemical
characteristics for these soils are provided in Goldberg et al.
(1988). The ability of the constant capacitance model to predict
B adsorption on these soils using average B surface complex-
ation constants was evaluated. A detailed explanation of the
theory and assumptions of the constant capacitance model is
given in Goldberg (1992).

In the present application of the constant capacitance model
to B adsorption, the following surface complexation reactions
are included:

XOH + H* = XOHjy [1]
XOH = XO~ + H* 2]
XOH + B(OH); = XOB(OH), + H,0  [3]

B adsorbed (umol/L)

B adsorbed (umol/L)

B adsorbed (umol/L)

Fig. 4. Boron adsorption on 2:1 clays: (a) SAz-1 montmorillonite, SD = 40 g L™/, SA = 18.6 m? g~; (b) STx-1 montmorillonite, SD = 40 g L},
SA = 53.6 m2 g% (c) SWy-1 montmorillonite, SD = 30 g L%, SA = 13.2 m? g% (d) IMt-1 illite, SD = 50 g L™}, SA = 118 m’ g !, (e)
Fithian illite, SD = 50 g L', SA = 23.7 m* g% (f) Morris illite, SD = 50 g L', SA = 21.5 m? g~'. Squares represent experimental data.
Model fits are represented by solid lines. Model predictions are represented by dashed lines. Initial B concentration = 0.463 mM.
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XOH + B(OH), = XOB(OH); + H*  [4]

where XOH represents the reactive-surface functional group:
hydroxyls on oxides and aluminols on clay minerals and soils.
Conventionally, reactions are written in terms of undissociated
acids and neutral-surface sites. Alternative reactions starting
with borate anion, B(OH);, and/or a positive surface site,
XOH}Y, could be written. Significant in this modeling approach
is that the formation of both trigonal and tetrahedral B surface
species is considered, consistent with the experimental spec-
troscopic results of Su and Suarez (1995).

Intrinsic equilibrium-constant expressions for the surface
complexation reactions are:

K.(int) = % exp(FIRT) 5]
K_(int) = [X[?(_T]g{]” exp(~ FW/RT) [6]
Ky_(int) = [’[‘;(;3}(1(])[;)3]}[2? exp(—FW/RT) [8]

where F is the Faraday constant (C mol;?), R is the molar gas
constant (J mol™ K1), T is the absolute temperature (K),

and square brackets indicate concentrations (mol L™?). The
exponential terms can be considered solid phase activity coef-
ficients that correct for the charges on the surface complexes.

Mass balance for the reactive surface functional group is:

[XOH]; = [XOH] + [XOH;] + [XO]
+ [XOB(OH);] + [XOB(OH);] [9]
Charge balance is:
o = [XOH/] - {XO7] — [XOB(OH);] [10]

where ¢ has units of mol, L™

The computer program FITEQL 3.2 (Herbelin and Westall,
1996) was used to fit B surface complexation constants to the
experimental data. FITEQL 3.2 uses a nonlinear least squares
optimization technique to optimize equilibrium constants to
experimental data. The FITEQL program contains the con-
stant capacitance model of adsorption and can also be used
as a chemical speciation model to evaluate predictions using
previously determined equilibrium constants.

Input values for constant capacitance model parameters
were the same as for the original applications (Goldberg and
Glaubig, 1985 for oxides; Goldberg and Glaubig, 1986b for

. clays; Goldberg and Glaubig, 1986a for soils). The capacitance

density was fixed at Cy = 1.06 F m~2 The protonation constant,
log K, and the dissociation constant, log K_, were set at: log
K, =731, log K_ = —8.80 for Fe oxides and log K, = 7.38,
log K- = —9.09 for Al oxides and clays, and log K, = 7.35,
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Fig. 5. Boron adsorption on soil samples: (a) Altamont soil, SA = 103 m? g% (b) Altamont subsoil, SA = 114 m? g~ (¢) Arlington soil, SA =
61.1 m? g7% (d) Arlington subsoil, SA = 103 m* g% (e) Bonsall soil, SA = 32.9 m* g; (f) Bonsall subsoil, SA = 106 m? g”; (g) Fallbrook
soil, SA = 68.3 m*> g”%; (h) Fallbrook subsoil, SA = 28.5 m? g~ (i) Imperial soil, SA = 196 m? g% (j) Imperial subsoil, SA = 191 m? g™
(k) Pachappa soil, SA = 36.3 m? g™; (I) Pachappa subsoil, SA = 41.0 m? g~'; (m) Ramona soil, SA = 27.9 m? g”'; (n) Ramona subsoil, SA =
38.8 m* g, Squares represent experimental data. Model fits are represented by solid lines. Model predictions are represented by dashed
lines. Suspension density = 200 g L~ initial B concentration = 0.463 mM.
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log K_ = —8.95 for soils. The total number of reactive hydroxyl
groups, [ XOH], was obtained experimentally from maximum
B adsorption as was done in previous studies (Goldberg and
Glaubig, 1985, 1986a, 1986b).

RESULTS AND DISCUSSION

Boron adsorption as a function of solution pH is indi-
cated in the figures for Fe oxides (Fig. 1), Al oxides
(Fig. 2), kaolinites (Fig. 3), 2:1 clay minerals (Fig. 4),
and soils (Fig. 5 and 6). Boron adsorption increased
with increasing solution pH until reaching a peak in
adsorption, then decreased as solution pH was increased
above the B adsorption maximum. The B adsorption
maxima are located near pH 7 to 8 for oxides and kaolin-
ites and in the pH range 9 to 10 for 2:1 clays and soils.

The fit of the constant capacitance model to B adsorp-
tion as a function of solution pH is indicated by a solid
line in Fig. 1 for Fe oxides and Fig. 2 for Al oxides.
With the exception of amorphous Al oxide, the model
was well able to describe B adsorption on all materials.
For amorphous Al oxide it was necessary to optimize
the protonation-dissociation constants along with the
B surface complexation constant to obtain a fit to the
data. Values of the B surface complexation constants
are provided in Table 1. Average values of log Ky and
log Kg_ are also provided in this table. Average values
of the B surface complexation constants for both types
of oxides are not statistically significantly different at
the 95% level of confidence. The dashed lines in Fig. 1
and 2 indicate the model predictions for B adsorption
using average sets of B surface complexation constants
for Fe and Al oxides, respectively. Again, with the ex-
ception of amorphous Al oxide, the model predictions
describe the adsorption data well. These results suggest
that B surface complexation constants are not very dif-
ferent for various oxide minerals and that an average
set of constants can probably be used to describe B
adsorption behavior on other Fe and Al oxide minerals,

Surface pK, values for adsorbed B can be calculated
using the equilibrium constant values log Kp and log
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Fig. 6. Distribution of B surface species for two soil samples: (a)
Pachappa subsoeil (filled symbols), (b) Altamont soil (open sym-
bols). Circles represent the distribution of XOB(OH);; squares
represent the distribution of XOB(OH); .

K5 obtained with the constant capacitance model. For
the surface reaction:

XOB(OH), + H,0 = XOB(OH); + H* [11]

the following pK, values were obtained: 9.8 for goethite,
9.9 for amorphous Fe oxide, 9.7 for 8-AL0; (Alon,
Cabot Corp., Boston, MA; Aluminium Oxid C, De-
gussa, Teterboro, NJ), and 9.9 for pseudoboehmite.
These model-derived pK, values compare favorably
with the surface pK, value of 8 to 9 for H;BO; on amor-
phous Fe oxide postulated by Suarez et al. (1998) on

Table 1. Surface complexation constants obtained with the con-
stant capacitance model.

Log Log Log Log SOS/
Solid Kj(int) Kp_(int)  K.(int)} K_(int)i DF§
Fe oxides
Hematite 4.71 88.9
Goethite 5.06 —4.72 116
Amorphous Fe
oxide 5.63 —4.23 336
Average Fe
oxides 513 + 0.46 —4.48 = 0.35
Al oxides
Alon (6-Al,0;) 4.94 -4.76 139
Aluminum Oxid
C (8-ALOy) 5.22 -4.51 11.2
Pseudoboehmite  4.95 —4.98 54.7
Amorphous Al )
oxide 4.92 6.40 —7.45 143
Average Al oxides 5.01 * 0.14 —4.75 + 0.24
Kaolinites
KGa-1 kaolinite  5.08 —4.69 354
KGa-2 kaolinite  5.07 -5.02 835
Georgia kaolinite 4.80 —4.88 69.7
Average kaolinites 4.98 + 0.16 —4.86 * 0.16
2:1 clays
SAz-1 mont-
morillonite 3.55 —3.98 54.6
STx-1 mont-
morillonite 3.78 -3.95 50.6
SWy-1 mont-
morillonite 319 —3.82 9.23 -9.28 375
IMit-1 illite 2.92 -4.19 49,5
Fithian illite 3.66 —4.64 18.2
Morris illite 3.97 —4.49 48.8
Average 2:1 clays 3.51 = 0.39 —4.17 + 0.33
Soils
Altamont soil 4.36 —4.67 57.0
Altamont subsoil  4.46 —4.16 24.8
Arlington soil 3.19 —3.84 56.4
Arlington subsoil ~4.67 —-10.18 334
Bonsall soil 3.59 —4.35 324
Bonsall subsoil 3.89 -3.84 17.8
Fallbrook soil 3.38 -3.79 80.0
Fallbrook subsoil  3.80 —4.16 6.3
Imperial soil —4.22 6.82 —-9.60 249
Imperial subsoil -4.34 7.29 -985 249
Pachappa soil 3.89 —4.10 90.7
Pachappa subsoil  3.23 -3.57 21.6
Ramona soil 3.86 —4.42 70.4
Ramona subsoil 3.23 —4.23 33.6

Average soils 3.72 = 0.44 —4.17 + 0.32

T Unless indicated, Log K. (int) was held constant at the value indicated
in the text.

i Unless indicated, Log K_(int) was held constant at the value indicated
in the text.

§ A goodness-of-fit criterion that represents the overall variance in Y
where SOS is the weighted sum of squares of the residuals and DF is
the degrees of freedom. The smallest numbers for SOS/DF indicate the
best fit.
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the basis of analysis of the ATR-FTIR spectra obtained
by Su and Suarez (1995). The model-derived pK, values
are slightly higher than the pK, value for H;BO; in
aqueous solution (9.2), suggesting a somewhat greater
proportion of B(OH); on the surface than predicted
from its speciation in solution.

The fits obtained with the constant capacitance model
(Fig. 1 and 2) are very similar in quality to those ob-
tained by Goldberg and Glaubig (1985, see Fig. 2 and
1, respectively) optimizing only the B surface complex,
XOB(OH),. Since the model predicts XOB(OH), to be
the dominant B surface species until pH 9.7, addition
of the surface species XOB(OH); provides only a slight
improvement in fit. Nonetheless, the present modeling
approach is considered superior since the B surface spe-
cies postulated are consistent with experimental spec-
troscopic observations. Because values of the proton-
ation and dissociation constants were also used as
adjustable parameters in the earlier study, the fit of the
model to B adsorption on amorphous Al oxide pre-
sented by Goldberg and Glaubig (1985, Fig. 1d) de-
scribes the data more closely than the present model fit
(Fig. 2d).

Figure 3 presents the fit of the constant capacitance
model to B adsorption on three kaolinite clays. The
model describes the data very well on all three materials.
As expected when increasing the number of adjustable
parameters, the fits in Fig. 3, using both XOB(OH),
and XOB(OH);, are improved over those presented by
Goldberg and Glaubig (1986b, Fig. 1) using XOB(OH),.
Values of the B surface complexation constants and
average values of log K and log Kp_ for kaolinites are
presented in Table 1. Average values of the B surface
complexation constants for kaolinites are not statisti-
cally significantly different from those for Al and Fe
oxides at the 95% level of confidence. Dashed lines in
Fig. 3 indicate the model predictions of B adsorption
obtained using an average set of B surface complexation
constants for kaolinites. The model predictions describe

100

B adsorbed (Lmol/L)

B adsorbed (nmol/L)

the B adsorption data equally well as the model fits,
indicating that the average set of surface complexation
constants can be used to describe B adsorption behavior
on other kaolinite minerals. Surface pK, values for reac-
tion {11] are: 9.8 for well crystallized kaolinite, 10.1
for poorly crystallized kaolinite, and 9.7 for Georgia
kaolinite. These values are comparable in magnitude to
those for Al and Fe oxides, reflecting the similarity in
values of the B surface complexation constants of all of
these materials.

The ability of the constant capacitance model to de-
scribe B adsorption on the 2:1 clay minerals, montmoril-
lonite and illite, is presented in Fig. 4. Overall, the model
was able to describe B adsorption on 2:1 minerals, fitting
a smooth curve through the data. The shape of the
model fit is parabolic in nature, leading to some under-
prediction of the data near the pointed adsorption max-
ima. For SWy-1 montmorillonite it was necessary to
optimize the protonation—dissociation constants along
with the B surface complexation constant to obtain a
fit to the data. Values of the B surface complexation
constants and average values of log Kj and log K. for
2:1 clays are provided in Table 1. Average values of
the B surface complexation constants for 2:1 clays are
statistically significantly different from those for kaolin-
ites at the 95% level of confidence. Model predictions
using the average set of B surface complexation con-
stants are indicated in Fig. 4 by dashed lines. The model
predictions represent the data less closely than the
model fits but provide an adequate description. These
results suggest some predictive utility of average sets
of B surface complexation constants for describing B
adsorption behavior on additional 2:1 clay minerals.

The model fits presented in Fig. 4 are approximately
similar in quality to those obtained by Goldberg and
Glaubig (1986b, Fig. 2 and 3). It is significant to note
that the model fits in the present study were obtained
by optimizing constants for two B surface species —
XOB(OH), and XOB(OH); —, while the model fits of
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Fig. 7. Boron adsorption on soil samples: (a) Hesperia soil, (b) Porterville soil, (¢} Wasco soil, (d) Wyo soil. Squares represent experimental
data. Model predictions are represented by solid lines. Initial B concentration = 0.463 mAM.
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Goldberg and Glaubig (1986b) were obtained by opti-
mizing three constants, XOB(OH), for the B surface
species and values for the protonation constant log K,
and the dissociation constantlog K ... In the optimization
process, Goldberg and Glaubig (1986b) obtained unre-
alistic values of log K, and log K_ for one montmoril-
lonite and one illite. The present modeling approach
is considered superior because: (i) one less adjustable
parameter is optimized; (ii) identical values of log K,
and log K_ are used for all 2:1 clays; (iii) unrealistic
values of log K and log K_ are avoided. Surface pK,
values for adsorbed B are: 7.5 for SAz-1 montmorillon-
ite, 7.4 for STx-1 montmorillonite, 7.0 for SWy-1 mont-
morillonite, 7.1 for IMt-1 illite, 8.3 for Fithian illite, and
8.5 for Morris illite. These pK, values are significantly
lower than those for Al and Fe oxides and kaolinite
clays, suggesting a much greater role for the surface
species XOB(OH); in B adsorption on 2:1 clays.

The ability of the constant capacitance model to de-
scribe B adsorption as a function of solution pH on 14
arid-zone soil samples is indicated in Fig. 5. The model
provides a quantitative description of B adsorption be-
havior on all soils except for Altamont soil and subsoil,
Arlington subsoil, and Imperial subsoil. For these sam-
ples, the model describes the data qualitatively. For
Arlington subsoil, and Imperial soil and subsoil it was
necessary to optimize the protonation-dissociation con-
stants along with the B surface complexation constant
to obtain a fit to the data; for these soils log Kz(int) did
not converge. Table 1 provides values of the B surface
complexation constants and average values of log Kj
and log Kp_ for soils. Average values of the B surface
complexation constants for soils are not statistically sig-
nificantly different from those of 2:1 clays at the 95%
level of confidence. This result is consistent with the
fact that clay minerals are important B-adsorbing sites
in arid-zone soils (Elrashidi and O’Connor, 1982).

The model fits obtained in Fig. 5 are comparable with
those obtained for these soils by Goldberg and Glaubig
(1986a). As for the 2:1 clay minerals, it is significant
to note that the present model fits were obtained by
optimizing two surface constants (Kp and Kz_), while
the model fits of Goldberg and Glaubig (1986a) were
obtained by optimizing three surface constants (Kz, K,
and K_). In carrying out their optimization, Goldberg
and Glaubig (1986a) obtained unrealistic values of log
K. for one soil and of log K_ for five soils. As for 2:1
clays, the modeling approach of the present study is
considered superior because one less parameter is ad-
justed and identical log K, and log K_ values are used
for all soils, thus avoiding unrealistic values of these
parameters. Surface pK, values for adsorbed B range
from 6.8 for Pachappa subsoil to 9.0 for Altamont soil.
The distribution of B surface species for these two soils
are presented in Fig. 6. For the Pachappa subsoil the
XOB(OH); species dominates across most of the pH
range, while for the Altamont soil XOB(OH), is domi-
nant across most of the pH range.

Dashed lines in Fig. 5 indicate model predictions of
B adsorption obtained using an average set of B com-

plexation constants for soils. The model predictions rep-
resent the data slightly less closely than the model fits
but still provide a reasonable description. The ability of
the average set of B surface complexation constants
to predict B adsorption behavior was tested on four
additional arid-zone soils and is presented in Fig. 7. The
model was able to predict B adsorption behavior on all
four soils, fitting a smooth parabolic curve through the
data. These results indicate the utility of the average
set of B surface complexation constants for predicting
B adsorption on other arid-zone soils. The capability of
these constants to describe B adsorption on soils of
higher oxide and organic matter content remains to
be evaluated.

Incorporation of microscopic experimental informa-
tion into the macroscopic constant capacitance model
improves its ability to describe B adsorption data. Boron
adsorption on a variety of surfaces was described using
one set of model reactions. The set of model parameters
determined in this investigation can be used to predict
B adsorption on other arid-zone soil samples.
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