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a b s t r a c t

The understanding of the gaseous adsorption process and the parameters of volatile organic compounds
such as organic solvents or fuels onto soils is very important in the analysis of the transport or fate of
these chemicals in soils. Batch adsorption experiments with six different treatments were conducted to
determine the adsorption of isohexane, a gaseous aliphatic, onto volcanic ash soil (Tachikawa loam). The
measured gas adsorption coefficient for samples of Tachikawa loam used in the first three treatments, Con-
trol, AD (aggregate destroyed), and AD-OMR (aggregate destroyed and organic matter removed), implied
eywords:
olatile organic compound
dsorption
as
ggregated soil
rganic matter

that the aggregate structure of volcanic ash soil as well as organic matter strongly enhanced gas adsorption
under the dry condition, whereas under the wet condition, the aggregate structure played an important
role in gas adsorption regardless of the insolubility of isohexane. In the gas adsorption experiments for
the last three treatments, soils were sieved in different sizes of mesh and were separated into three differ-
ent aggregate or particle size fractions (2.0–1.0 mm, 1.0–0.5 mm, and less than 0.5 mm). Tachikawa loam
with a larger size fraction showed higher gas adsorption coefficient, suggesting the higher contributions

hexa
of macroaggregates to iso

. Introduction

The understanding of the interaction between soils and volatile
rganic compounds (VOC) such as organic solvents or fuels has been
matter of growing concern due to increasing soil contamination

29]. Several field studies have shown that gas-phase contaminants
an arrive at the water table ahead of a liquid contaminant plume
13,34]. The sorption of VOC gas strongly affects its transport and
he amount that is retained in soil [27]. Therefore, it is important
o understand the sorption process and the parameters that con-
rol transport in terms of the remediation of contaminants or risk
ssessment [26].

Several researchers have reported that VOC gas is strongly
orbed directly onto soil minerals under dry conditions [2,23,26].
t dry conditions, gas sorption is strongly affected by the soil-

ater content where an increase in soil-water content causes a

apid decrease in VOC gas adsorption capacity [23,24,26,32]. On the
ther hand, under the wet condition, VOC gas sorption is mainly
ominated by dissolution to soil water, as expressed by Henry’s

∗ Corresponding author. Tel.: +81 48 858 3116; fax: +81 48 858 3116.
E-mail address: s07de004@mail.saitamta-u.ac.jp (S. Hamamoto).

1 Tel.: +81 3 5841 5350; fax: +81 3 5841 8877.

304-3894/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2008.11.008
ne gas adsorption under dry and wet conditions.
© 2008 Elsevier B.V. All rights reserved.

law, and the gas adsorption capacity slightly increases as the soil-
water content increases [24,26]. To date, the sorption of VOC gas,
especially chlorinated organic compounds such as trichloroethy-
lene (TCE) and toluene, has been studied with various soils and soil
minerals at different soil-water contents [24,26,27]. However, few
studies regarding gas sorption phenomena such as the aliphatic and
aromatic phenomena of petroleum chemicals have been reported
[29]. These petroleum chemicals are distinguished typically as a
light nonaqueous phase liquid (LNAPL) and are less dense than
water. As the water table fluctuates, LNAPL tends to be redis-
tributed upward and downward over the vertical extent of the
water table’s rise and fall [13]. Hence, the high mobility of these
petroleum chemicals near the soil surface has a significant impact
on human health and the environment. In Japan, increasing concern
about contaminated soils by petroleum chemicals [15] necessitates
a better understanding of the physical and chemical interactions
between these chemicals and soils.

Volcanic ash soils, which are widely distributed in Japan and
account for one-sixth of the total land area [8], exhibit unique soil

properties such as high water retention, large total porosity due
to noncrystalline materials such as allophane, and good drainage,
all of which are favorable for plant root growth [33,18]. Using the
results of N2 gas adsorption tests, Bartoli et al. [3] showed that the
total micropore and meso-specific surface areas of volcanic ash soils

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:s07de004@mail.saitamta-u.ac.jp
dx.doi.org/10.1016/j.jhazmat.2008.11.008
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Table 1
Chemical properties of isohexane (2-methylpentane).

Chemical formula C6H14

Molecular weight (g mol−1) 86.18
08 S. Hamamoto et al. / Journal of Ha

ncreased as the soils became more allophanic. They also indicated
hat the soil surface became more hydrophobic when more soil allo-
hanes were coated by organic matter, resulting in smaller specific
urface areas. Due to its high clay content, the texture of volcanic
oils is often classified as light clay (LiC) or clay loam (CL) [9]. These
nique soil properties are closely related to a well-developed soil
tructure with aggregates [33]. The gas adsorption coefficients (Kg)
or aggregated soils under dry conditions are four to five orders
igher than those for glass beads and sands [20]. Despite the unique
roperties, possible high gas adsorption capacity, and wide distri-
ution of volcanic ash soil, there have been few investigations of
OC gas adsorption onto volcanic ash soil. It is reasonable to believe

hat the aggregate structure affects VOC gas adsorption because the
nter- or intra-aggregate pore structure and the soil-water reten-
ion characteristics of volcanic ash soils are closely related to gas
dsorption sites.

In this paper, we report the results of adsorption experiments
f isohexane, an aliphatic gas, onto volcanic ash soils in Japan. We
nvestigated the effect of the aggregate structure and the organic

atter content on gas adsorption by using six different treatments
f volcanic ash soils.

. Materials and methods

.1. Soil samples

Two soil samples, Tachikawa loam (Andisols) and Toyoura sand,
ere used in this study. Tachikawa loam was collected at a depth

f 70 cm on an experimental farm at the Field Production Science
enter of The University of Tokyo at Nishitokyo, Tokyo. Both soils
ere sieved with a 2.0 mm mesh screen. To investigate the effect of

he aggregate structure and organic matter on gas adsorption onto
achikawa loam, the following three treatments were performed:
he aggregate structure was destroyed (AD), the aggregate struc-
ure was destroyed and organic matter was removed (AD-OMR),
nd no treatment was applied (Control). AD samples were prepared
y mixing the rewetted soil samples following the same procedure
s those used in the measurement of the liquid limit of soil [19]. For
D-OMR samples, the organic matter was removed by treatment
ith hydrogen peroxide, H2O2 [6] after the aggregate structure of

he soil samples was destroyed in the same way as that of the AD
amples. Both the AD and the AD-OMR samples were sieved in
0.5 mm mesh after being oven dried. In a separate experiment

imed at investigating the effect of aggregate size on gas adsorp-
ion, oven-dried Tachikawa loam was sieved with 2.0 mm, 1.0 mm,
nd 0.5 mm mesh. Three different aggregate or particle size frac-
ions, (1) 2.0–1.0 mm, (2) 1.0–0.5 mm, and (3) less than 0.5 mm,
ere prepared for treatment in the gas adsorption experiments.

The soil-water retention curves of Tachikawa loam, repacked
n a cylindrical stainless core 5.0 cm wide and 2.0 cm long with a
ulk density of 0.50 Mg m−3, were measured by the water hanging
ethod from −10 to −100 cm H2O [4] and by the pressure plate
ethod from −10 to −1.0 × 104 cm H2O [5]. The water potentials of

he air-dried soil samples of Tachikawa loam with three different
oil-water contents (0.60, 0.43, and 0.3 g H2O g−1 soil) were mea-
ured with a Dewpoint Potential Meter (WP4; Decagon Devices,
nc., USA). The particle size distributions for AD-OMR samples of
achikawa loam were measured by the hydrometer method [10].
n addition, the aggregate size distributions for Control samples of
achikawa loam were measured by sieving the dried samples with

ifferent sizes of mesh [21]. The specific surface areas of all the
reatments in Tachikawa loam and Toyoura sand were determined
y the ethylene glycol monoethyl ether (EGME) method [25]. Pre-
reatments to remove organic matter and saturation with Ca2+ were
mitted, as suggested by Petersen et al. [23]. The organic carbon
Vapor pressure (mmHg) 211
Dimensionless Henry Coefficienta 71.8

a Hine and Mookerjee [12].

and the nitrogen contents of the soil samples were also measured
with a CN analyzer (Sumigraph NC-90A; Sumika Chemical Analysis
Service, Ltd., Japan).

2.2. Gas sample

Isohexane (2-methlpentane) was used as a model VOC gas in
this study. Isohexane is an aliphatic hydrocarbon and a solvent for
vegetable oils, glues, coatings, and paints. It is also found in gaso-
line and has been used as an intermediate for chemicals [1]. Table 1
presents the chemical properties of isohexane. The solubility of iso-
hexane in water was investigated in a preliminary experiment. The
dissolution of isohexane in water was not detectable and therefore
was neglected in this study.

2.3. Measurement of adsorption isotherms

The adsorption isotherms of isohexane to Tachikawa loam and
Toyoura sand were determined by the Equilibrium Partitioning In
Closed Systems (EPICS) method [24]. EPICS is a mass-balance tech-
nique which measures the gas concentration in the headspaces of
two sealed glass bottles: a bottle with a known amount of sorbent,
i.e., a soil sample, and a bottle without any sorbent.

The sorbent was introduced into the 50 mL bottle, which was
then sealed with a Teflon cap. The adsorbing VOC gas, isohexane (2-
methlpentane), was introduced into both bottles (with and without
the sorbent) by replacing a 1.0 mL volume of air with an equiva-
lent volume of saturated gas. After that, the bottles were shaken
for 36 h at 20 ◦C to reach equilibrium; preliminary experiments
showed that equilibrium was reached after this period. The equili-
brated gas in the headspace was sampled with a gas-tight syringe
of 1.0 mL and analyzed by a gas chromatograph equipped with a
flame-ionization detector (GC-14B; Shimadzu Corporation). As the
amounts of the introduced gas in both bottles were the same, the
following equation was obtained:

VBCB = VsCs + MQ, (1)

where VB (cm3) and CB (g cm−3), respectively, are the gas volume
and the concentration in the bottle without the sorbent, VS (cm3)
and CS (g cm−3), respectively, are the gas volume and concentration
in the bottle with the sorbent, M (g) is the mass of the sorbent, and
Q (g g−1 soil) is the amount of sorbent adsorbed per mass of soil. By
assuming that Henry’s law is valid [23],

Q = KgCs, (2)

where Kg (cm3 g−1) is the adsorption coefficient. From Eqs. (1) and
(2), the following equation was obtained:

VBCB

VSCS
− 1 = Kg

M

VS
. (3)

Therefore, by making multiple measurements with different
masses of sorbent (M), the adsorption coefficient, Kg (cm3 g−1), was

determined as the slope of a linear adsorption isotherm obtained
from plotting the left-hand side of Eq. (3) against M/VS [22,24].
Five different sorbent masses (M) ranging from 1.0 to 15 g with two
replicates, i.e., a total of ten measurements, were used to draw an
adsorption isotherm.
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Table 2
Physical properties of soils used in this study.

Tachikawa
loam (volcanic)

Toyoura sand
(sand)

Texture (%)
Sand 32.9 99.4
Silt 38.6 0.6
Clay 28.5 0.0
Soil class Clay loam Sand

Soil particle density (g cm−3) 2.70 2.65
B
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ulk density (g cm−3) 0.50 1.50
otal porosity (cm3 cm−3) 0.81 0.43
aturated hydraulic conductivity (cm s−1) 5.38 × 10−4 1.13 × 10−2

For each soil, Tachikawa loam (six treatments) and Toyoura sand,
dsorption isotherms were determined for several different water
ontents. Those of the Control samples of Tachikawa loam were
btained by air drying soil samples taken under natural conditions
drying process) and by adding water to oven-dried soil samples for
oyoura sand, AD, AD-OMR, 2.0–1.0 mm, 1.0–0.5 mm, and <0.5 mm
amples (wetting process).

. Results and discussion

.1. Soil properties

The physical properties of the soil samples are shown in Table 2.
ig. 1 shows the measured water retention curve of Tachikawa loam
nd a fitting curve with a bimodal lognormal pore-size distribution
odel [31]:

= �r +
(

�s − �r

) 2∑
i=1

wiQ

[
ln(hi/hmi)

�i

]
w1 + w2 = 1, (4)

here hi (cm H2O) is the suction head; hmi, �i, and wi are
arameters; Q(x) is the complementary cumulative normal distri-
ution function; � (cm3 cm−3) is the volumetric water content; �s

cm3 cm−3) is the saturated water content; and �s (cm3 cm−3) is the
esidual water content, assumed to be 0.

The pore-size density (PSD), defined as the derivative of the
ater content versus pF, where pF equals log(−h in cm H2O), was
alculated by

SD = [loge (10)] h

2∑
i=1

wi

(
�s − �r√

2��ir
exp

[
−
[
ln
(

h/hmi

)]2

2�i
2

])
(5)

ig. 1. Water retention curve (solid line) and pore-size density (dashed line) for
achikawa loam. pF equals log(−h in cm H2O), where h is the suction head.
Fig. 2. Particle size analysis (solid line) and aggregate size analysis (dashed line) for
Tachikawa loam.

The pore-size density of Tachikawa loam showed two peaks at
pF = 1.3 and pF = 4.8. The bimodality came from the aggregate struc-
ture of Tachikawa loam [17]. The pore-size distribution curve can
be well separated at pF = 2 (soil-water content 1.2 g H2O g−1 soil),
corresponding to the pore radius of 15 �m; the intra-aggregate or
textural pores are responsible for the first mode at pF > 2 (pore
radius > 15 �m), whereas the inter-aggregate or structural pores are
represented by the second mode at pF < 2 (pore radius <15 �m).
Fig. 2 shows the particle size distribution for AD-OMR samples and
the aggregate size distribution for Control samples. By destroying
the aggregate structure, the aggregates were fragmented, resulting
in a smaller average particle size and a wider particle size distribu-
tion.

3.2. Specific surface area and CN contents

Table 3 shows the specific surface area and the organic carbon
and nitrogen contents of soil samples. The specific surface areas
after all the treatments of Tachikawa loam (between 335 m2 g−1 and
414 m2 g−1) were higher than that of Toyoura sand (6.45 m2 g−1).
The higher specific surface area of Tachikawa loam was attributed to
noncrystalline materials such as allophane, which is the dominant
constituent of many volcanic ash soils [18].

The organic carbon and the nitrogen contents of AD-OMR sam-
ples were significantly lower than those of the Control and AD
samples, which was attributed to the decrease in organic matter

by treatment with hydrogen peroxide (H2O2). On the other hand,
the specific surface area of AD-OMR samples was higher than those
of the Control and AD samples, perhaps because the existence of
organic matter in the Control and AD samples prevented EGME gas

Table 3
Specific surface area and organic nitrogen and carbon contents of soils used in this
study. Means followed by the same letter are not significantly different at P = 0.05
by the Tukey–Kramer test.

Sample Specific surface
area (m2 g−1)

N (%) C (%)

Toyoura sand 6.45
Control 364.7a 0.20a 2.56a

AD 357.8a 0.20a 2.55a

AD-OMR 413.6b 0.13b 0.68b

Tachikawa loam
2.0–1.0 mm 377.9a 0.19a 2.40a

1.0–0.5 mm 358.9b 0.20a 2.48a

<0.5 mm 334.5c 0.22b 2.67b
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Fig. 3. Adsorption isotherms for isohexane on Tachikawa loam at soil-water content
of 0.23 and 0.67 (g H2O g−1 soil) and on Toyoura sand at soil-water content of 0.00
and 0.15 (g H2O g−1 soil).
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dsorption onto soils and the specific surface areas of the samples
ere underestimated.

Higher organic carbon and nitrogen contents and a lower specific
urface area were observed in smaller particle or aggregate fractions
Table 3), which could be explained by the differences in the organic

atter constituents of aggregates of different sizes. Organic matter
uch as root exudates and the continual death of roots, particularly
oot hairs, usually plays an important role in the formation of soil
ggregates [16]. In addition, adjacent aggregates in the field often
dhere to one another and form macroaggregates [11], which are
sually assemblages of smaller groupings, or microaggregates. Six
t al. [30] showed that no-till soil management led to increased
tabilization of carbon in a small, stable microagggregate struc-
ure. Referring to experimental data, Tisdall and Oades [35] and De
ryze et al. [7] insisted that microaggregates are held together by
ersistent binding agents whereas macroaggregate binding agents
re naturally more transient. The differences in the organic carbon
nd nitrogen contents of <0.5 mm compared to the 2.0–1.0 mm and
.0–0.5 mm soil samples could be the result of the different organic
atter properties of binding agents of macro- or microaggregates,

eading to the different specific surface areas in these soil samples.

.3. Adsorption isotherms

Fig. 3 shows the linear adsorption isotherms measured by the
PICS method for isohexane on Control samples of Tachikawa loam
t soil-water contents (w) of 0.23 and 0.67 (g H2O g−1 soil) and
oyoura sand at w = 0.00 and 0.15 (g H2O g−1 soil). All adsorption
sotherms for Tachikawa loam (Control, AD, AD-OMR, 2.0–1.0 mm,
.0–0.5 mm, and <0.5 mm) and Toyoura sand were linear at all soil-
ater contents. The calculated regression coefficient (R2) for all

amples was more than 0.96. Hence, the validity of Henry’s law
or the adsorption of isohexane gas to soil was confirmed, and the
dsorption coefficients were determined by the slope of the linear
dsorption isotherms (Fig. 3).

Fig. 4 shows the adsorption coefficients (Kg) for Toyoura sand at
ifferent soil-water contents. As the soil-water contents increased,
he Kg values drastically decreased. This trend agreed with the
esults of other investigations into Kg for trichloroethylene or
oluene measured by the same method [23,24,27]. However, the

bsolute value of Kg of isohexane was very different from that of
CE. Poulsen et al. [27] measured the adsorption isotherm of TCE
y the EPICS method and reported that the Kg value of Lundgaard
sandy soil), with a specific surface area of 10.8 m2 g−1, was around
0 cm3 g−1 under the oven-dried condition (w = 0.00 g H2O g−1 soil)

Fig. 4. Change of adsorption coefficient Kg of isohexane for Toyoura sand.

ig. 5. (a) Change of adsorption coefficient Kg of isohexane for Tachikawa loam with different treatments for the aggregate structure and organic matter. Schematic description
f gas adsorption sites for (b) Control samples and (c) AD samples.
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condition. The different specific surface areas of different sizes
of fractions of aggregates (Table 3) alone cannot fully explain
such large differences in the adsorption coefficients. The differ-
ent characteristics of binding agents and the stability of macro-
and microaggregates [7,35] might be one cause of the different
S. Hamamoto et al. / Journal of Ha

nd was maintained at around 0.5 cm3 g−1 under the wet condition
bove w = 0.02. However, in this study, the Kg value of oven-dried
oyoura sand was 0.64 cm3 g−1 and was maintained at around
.02 cm3 g−1 above w = 0.05. The lower Kg values of the isohexane

n the total soil-water content may be attributed to the nonpo-
arity of isohexane implied based on a very high dimensionless
enry’s coefficient of isohexane (71.8) compared to that of TCE

0.40) [12]. A dipole interaction between the water molecules and
he polar surface of the soil particle inhibited the isohexane gas
dsorption because aliphatics such as isohexane are typically non-
olar chemicals and the gas adsorption was caused by relatively
eak van der Walls forces [23,28,29]. The lower Kg values of iso-
exane gas may indicate the higher mobility of a gaseous aliphatic
han of TCE or toluene in soil, and the lower polarity of isohex-
ne may indicate the importance of soil-water conditions for the
anagement of contaminated soils by petroleum chemicals such as

liphatic.

.4. The effect of aggregate structure and organic matter on gas
dsorption

The Kg values of the three treatments (Control, AD, and AD-OMR)
n Tachikawa loam are shown in Fig. 5a. The Kg values of Con-
rol samples were significantly higher than those for Toyoura sand
Fig. 3) in the whole range of soil-water content because Tachikawa
oam has more gas adsorption sites due to the existence of allo-
hane, a highly porous mineral with a high specific surface area
Table 3).

The Kg values of Control samples exhibited three stages of
hange with an increase in soil-water content. The values drastically
ecreased to a soil-water content (w) of 0.4 g H2O g−1 soil (Stage
), was maintained at around 0.70 cm3 g−1 from w = 0.4–1.0 (Stage
), and then decreased again from w = 1.0–1.2 (Stage 3). At lower
oil-water content levels, the soil–air interfaces in both intra- and
nter-aggregate pore spaces acted as adsorption sites of isohexane
as, resulting in significantly higher Kg values in Stage 1. As the soil-
ater content increased, the isohexane gas adsorption within the

ntra-aggregate pore spaces was reduced since the intra-aggregate
ores were filled with water. However, at Stage 2, the soil–air inter-

aces in inter-aggregate pore spaces might still have acted as the
ain adsorption sites, leading to relatively constant Kg values. Fig. 1

hows that the intra-aggregate pores of Tachikawa loam start to
e filled with water above w = 1.2. Therefore, the decrease in Kg

alues in Stage 3 (Fig. 5a) might be due to the water filling the
nter-aggregate pores. The observed three stages of the change in
g is a unique phenomenon which was not observed with Toy-
ura sand (Fig. 4) or chlorinated organic compound gases such as
CE or toluene [23,24,27] and may represent chemical properties
f isohexane, including nonpolarity, and physical soil properties,
ncluding the aggregate structure of Tachikawa loam.

Petersen et al. [23,24] and Poulsen et al. [27] reported that the
g values of TCE or toluene increased linearly at high soil-water
ontents due to the dissolution of chemicals in soil water. Poulsen
t al. [27] reported that toluene adsorption to soil was caused by
trong vapor-solid sorption below the wilting point (at a soil-water
otential of pF = 4.2) and by dissolution to soil water above the wilt-

ng point. In this study, strong vapor-solid sorption was observed
elow w = 0.4, corresponding to a pF of around 5.5, not at the wilting
oint of pF = 4.2. Petersen et al. [24] and Ong and Lion [22] showed
hat TCE adsorption drastically decreased to a soil-water content
orresponding to three to five molecular layers of water. In this

tudy, a soil-water content of 0.4 g H2O g−1 soil of Tachikawa loam
orresponds to three molecular layers of water, as calculated based
n the total specific surface area of Tachikawa loam (364.7 m2 g−1,
able 3) and assuming that a water molecule occupies an area of
0.8 × 10−20 m2 [14].
us Materials 166 (2009) 207–212 211

The Kg values of the AD and AD-OMR samples were smaller
than those of the Control samples (Fig. 5a). Under the air-dry con-
dition (w = 0.2), the Kg value of the Control samples was around
two times higher than those of AD samples and four times higher
than those of AD-OMR samples. All three samples (Control, AD, and
AD-OMR) showed a remarkable decrease in Kg at a soil-water con-
tent of 0.4, but they all showed different patterns of Kg changes
at w = 0.4–1.2. At w = 0.8, the Kg values of AD and AD-OMR sam-
ples approached zero, although the value of the Control samples
at w = 1.2 was 0.2 cm3 g−1. Higher Kg values of aggregate soil with
widely different soil-water contents might be related to the aggre-
gate structure (Figs. 1 and 2), conceptually illustrated in Fig. 5b.
Higher water retention in intra-aggregate pores caused a greater
likelihood of isohexane gas adsorption onto the outer walls of the
aggregates. By the fragmentation of the aggregates (AD and AD-
OMR samples), the pore structure of Tachikawa loam disaggregated,
as illustrated in Fig. 5c. The increase in the thickness of the water
film around each soil particle compared with that shown in Fig. 5b
decreased the gas adsorption site and the Kg values. In addition to
the effect of the aggregate structure, the difference between the AD
and AD-OMR samples indicated that the existence of organic matter
contributed to increased gaseous adsorption onto soils (Fig. 5a).

3.5. Effect of aggregate size on gas adsorption

Fig. 6 shows the adsorption coefficients of three different aggre-
gate or particle size ranges (2.0–1.0 mm, 1.0–0.5 mm, and <0.5 mm)
of Tachikawa loam. The Kg values of all the treatments remarkably
decreased from w = 0.2 to 0.4. The larger the aggregate size of the
soil samples, the higher the observed Kg values in the overall soil-
water content range. Under the dry condition (w = 0.2 g H2O g−1

soil), the Kg values of 2.0–1.0 mm samples were around two-
and-a-half times and five times higher than those of 1.0–0.5 mm
and < 0.5 mm samples, respectively. In addition, the Kg values of
1.0–0.5 mm and < 0.5 mm soil samples approached zero at w = 0.4
and 0.8, respectively, while those of 2.0–1.0 mm soil samples were
maintained at 0.44 cm3 g−1 at w = 1.2. These results implied that
the existence of macroaggregates larger than 1.0 mm affected iso-
hexane gas adsorption to Tachikawa loam even under the wet
Fig. 6. Change of adsorption coefficient Kg of isohexane for Tachikawa loam with
different aggregate sizes.
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dsorption characteristics of soil samples with different aggregate
izes, and the more persistent binding agent and higher stability of
icroaggregates might reduce the diffusion of isohexane gas into

ntra-aggregate pore spaces, resulting in decreased gas adsorption.
owever, the role of the binding agent in gas adsorption capacity is
ot clear at this stage.

. Conclusions

Based on gas adsorption experiments for Toyoura sand, a lower
as adsorption capacity onto soil of isohexane, a gaseous aliphatic,
han that of a chlorinated organic compound gas such as TCE
r toluene was observed. This result has been attributed to the
ower polarity of isohexane. The lower Kg values of isohexane
as may indicate the higher mobility of gaseous aliphatic in soil
han that of TCE or toluene, and the lower polarity of isohexane

ay indicate the importance of soil-water conditions for the man-
gement of contaminated soils by petroleum chemicals such as
liphatic.

The gas adsorption capacity of Tachikawa loam (volcanic ash
oil) was significantly higher than that of Toyoura sand due to the
xistence of a highly porous mineral such as allophane. The aggre-
ate structure of volcanic ash soil as well as organic matter strongly
nhanced gas adsorption onto volcanic ash soil. Regardless of the
nsolubility of isohexane, the effect of the aggregate structure on
as adsorption was strong under the wet condition. In addition, a
arger particle or aggregate size contributed to stronger gas adsorp-
ion onto volcanic ash soil under dry and wet conditions, suggesting
contribution of macroaggregates to gas adsorption. As the role of
acroaggregates in gas adsorption is not fully understood, more

xperimental and theoretical investigations into gas adsorption to
olcanic ash soil are needed for a better understanding of gas move-
ent, risk assessment, and the cleaning of contaminated soils by
OC, including petroleum chemicals.
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