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ABSTRACT

Dissolved humic substances separated from soils play an important role in the material cycle because they adsorb nu-
trients and contaminants and move with water. This study was conducted to investigate the influence of anionic surfac-
tant, pH and electrolyte concentration on the dissolution of humic substances from a highly humic volcanic ash soil.
The soil used in the experiment has a negative charge and the anionic surfactant, sodium dodecylbenzene sulfonate, has
also the negative charge. The absorbance of supernatant of soil solution at different surfactant concentration and dif-
ferent electrolyte concentration (0.001 M, 0.01 M, 0.1 M & 0.5 M) of NaCl at pH 4.5 and 6.5 was measured at the
wave-length of 400 nm; this corresponds to the relative concentration of dissolved humic substances. The surfactant
adsorption and its equilibrium concentration under the same solution condition of the absorbance measurement were
also measured in order to get their effect on dissolved humic substances. The zeta potential of soil particles was meas-
ured in order to evaluate the influence of electrostatic potential on dissolution of humic substances. The concentration
of dissolved humic substances increased at higher surfactant concentration and adsorption, at higher pH and at lower
electrolyte concentration, because the electrostatic repulsive force between the soil particles and the dissolving humic
substances became larger. Therefore, surfactant concentration and adsorption, pH and electrolyte concentration are im-
portant when considering the fate of humic substances in soils.
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1. Introduction tion in soil [15-17]. However, the combined study of
humic substances dissolution from soil as affected by pH,
electrolye concentration and different surfactant concen-
tration is not sufficient.

In this study, influences of an anionic surfactant, pH
and electrolyte concentration on dissolution of humic
substances from a highly humic volcanic ash soil were
investigated. For evaluating the chemical characteristics
of dissolved organic matter charge condition of the soil
must be considered [18]. Therefore, the zeta potential of
the soil particles was measured in this research to inves-
tigate the charge characteristics of the soil. Volcanic ash
soils which accumulate huge amount of organic matter in
surface layer are very common in Japan and areas where
volcano exists in the world. Therefore, we chose the vol-
canic ash soil as our experimental material.

Dissolved humic substances separated from soils play an
important role in the material cycle because they adsorb
nutrients and contaminants [1]. Many studies have shown
that surfactant concentration enhances the dissolution/
solubilisation of humic substances present in the soil
[2,3]. In general, the higher the organic content of a soil
the greater the degree of adsorption of hydrophobic ma-
terials and higher the surfactant concentration the higher
ability to dissolve the humic substances [4].

From the above study it is clear that surfactants influence
the fate of humic substances in soils. Among the anionic
surfactant, Sodium dodecylbenzene sulfonate (SDBS) is
widely used in domestic and industrial purposes [5-7]
and it is the most common pollutant found in almost all
environmental compartments [8-14]. Organic matter has
been observed responsible for anionic surfactant adsorp- 2 Materials and Methods
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soil in presence of surfactant at different electrolyte and
pH condition was systematically analyzed.

2.1. Soil

A volcanic ash soil (Highly humic, non-allophanic An-
disol) of surface layer from Daisen grazing ground, Tot-
tori Prefecture, Japan was used in this experiment. Some
important characteristics of the soil are given in Table 1.
The field moist soil was sieved with 2 mm-sieve.

2.2. Surfactant

Anionic surfactants, SDBS, with branched and linear
carbon chains having the same chemical composition
(C12H25CeH4SOsNa) and molecular weight of 348.48
g-mol™ were purchased from Tokyo Kasei Kogyo Co.
with purity of about 95% and were used without further
purification.

2.3. Adsorption Experiment

A batch experiment was conducted with SDBS (both
branched and linear carbon chain) to get the dodecyl-
benzene sulfonate (DBS) adsorption amount of the soil.
The experiment was conducted at room temperature (25°C
+ 1°C). The soil (2.5 g dry weight basis) was taken in 50
cm?® centrifuge tube. It was equilibrated with a different
electrolyte concentration of NaCl solution (0.001 M, 0.01
M, 0.1 M and 0.5 M NaCl) and the solution pH was ad-
justed to 4.5 and pH 6.5 by adding diluted HCI and
NaOH, respectively. After the soil solution was centri-
fuged, the supernatant was discarded and 25 ml of SDBS
solutions of different concentrations (0.001, 0.005, 0.01,
0.05, 0.10, 0.70, 1.0, 2.0, 3.0, 5.0 and 10.0 mmol-L™) at
different electrolyte concentration of NaCl were added to
the soil and remaining solution in the tube. The tube was
shaken well for 24 hours. After the elapsed time the soil
solutions were centrifuged for 10 min at 8000 rpm. The
supernatants of the tubes were collected and the surfac-
tant concentrations were measured by anionic surfactant
selective electrode [19] that was assembled by the au-
thors. The concentration cell was constructed as follows:

Ag/AgCI electrode | Agar bridge | reference solution
(Co) | functional membrane | test solution (C,) | Agar
bridge | Ag/AgCl electrode,

where, Cy and C; are the concentrations of the surfactant
in the reference solution and that in the test solution. The

electromotive force (EMF) was measured using a digital
voltmeter with high input impedance at 25°C + 1°C. The
EMF (E) can be expressed with the following equation:

E =Slog(C,/C,) (@))

where S is the experimental slope. The theoretical value
of Sis 59.2 mV at 25°C (Nernstian slope). The measured
values for the standard solutions ranged from 54.35 mV
to 59.00 mV. The electrode was carefully washed before
each measurement and continuously checked with stan-
dard solutions in order to get proper result.

The adsorbed amount of surfactant in the soil was ob-
tained using the Equation (2),
where V (L) is the remaining water volume in the soil after
discarding the supernatant and before adding the SDBS
solution.

2.4. Measurement of Absorbance of Supernatant

The absorbance of supernatant that was sampled after
mixing SDBS solution and the soil in the adsorption ex-
periment was measured by using spectrophotometer (HIT-
ACHI U-1100). A one-hundredth volume of 10 W/V%
NaOH was added to the collected supernatant and the
absorbance of the mixed solution at 400 nm was meas-
ured. The solution condition in the absorbance measure-
ment was the same as that of the adsorption experiment.
The absorbance corresponds to the relative concentration
of dissolved humic substances.

2.5. Zeta Potential Measurement

Zeta potential of the soil particles was measured under
the same solution condition of the adsorption experiment.
In order to get a good measurement result, the ratio of

Table 1. Physical and chemical characteristics of the soil
used in the experiment.

Soil Texture pH Carbon content *CEC °AEC
oi
Name
% (mmol-kg™)
Clay Loam
- 0,
Andisol  (ERLAID s, 138 123 0

Clay-24.6%)

%CEC was measured at pH 6 with a 1 mmol-L™* KNO;z solution; PAEC was
measured at pH 6 with a 1 mmol-L™* K,SO, solution; °pH was measured
with distilled water (soil: distilled water at the ratio of 1:5).

DBS adsorption (mmol - kg )

{added DBS conc. (mmol-L™*)x0.025(L)— DBS conc. in supernatant (mmoI-L’l)x(0.025+V)(L)} 2

Dry weight of the soil (kg)

Copyright © 2012 SciRes.
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soil to water in weight was fixed at 1:20000. Zeta poten-
tial of the soil particles was obtained by measuring the
electrophoretic mobility of the soil particles (Model 502,
Nihon Rufuto).

3. Results and Discussion

3.1. Absorbance of Supernatant and DBS
Concentration/Adsorption

The relationships between the measured absorbance of
supernatant which corresponds to the relative concentra-
tion of dissolved humic substances and the equilibrium
surfactant concentration for the DBS-adsorbed soil at
different pHs are shown in Figures 1(a) to 4(a).

The relationships between the absorbance and DBS
adsorption at different pHs are also shown in Figures 1(b)
to 4(b). The result shows that when the pH is lower (pH
4.5), the absorbance becomes lower. When the pH is
higher (pH 6.5), the absorbance becomes higher. The
difference between the absorbance at pH 4.5 and that at
pH 6.5 are very clear for each electrolyte concentration,
especially those at higher electrolyte concentration. As
the negative charge of the soil and that of the dissolving
humic substances increases with an increase of pH due to
the pH dependent charge, those increases is likely to have
affected the dissolution of the humic substances from the
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Figure 1. Relationships between absorbance of supernatant
at 400 nm and (a) DBS concentration of supernatant; (b)
Adsorption of DBS at 0.5 M NaCl. The absorbance corre-
sponds to relative concentration of dissolved humic sub-
stances. B-DBS indicates DBS with branched carbon chain
and L-DBS with linear carbon chain.
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Figure 2. Relationships between absorbance of supernatant
at 400 nm and (a) DBS concentration of supernatant; (b) Ad-
sorption of DBS at 0.1 M NacCl. The absorbance corresponds
to relative concentration of dissolved humic substances.
B-DBS indicates DBS with branched carbon chain and
L-DBS with linear carbon chain.

soil. Increase of the negative charge density on the sur-
face of the humic substances promotes dissolution into
water, because the humic substances become more hy-
drophilic. Increases of the negative charge densities on
the soil surface and the humic substances generate more
electrostatic repulsive force between the soil and the hu-
mic substances. Therefore, the dissolution of the humic
substances is promoted at higher pH.

Figures 1 to 4 shows the influence of the surfactant on
dissolution of the humic substances. When the surfactant
concentration or surfactant adsorption increases, the ab-
sorbance increases, except those at 0.001 M NaCl at pH
6.5. The absorbance at 0.001 M NacCl at pH 6.5 takes con-
stant value at all DBS concentration or adsorption, because
the measured absorbance value reaches the maximum for
the apparatus. The concentration of dissolved humic sub-
stances increases with increase of the surfactant concen-
tration or surfactant adsorption. It has been reported that
dissolved organic substances increases as surfactant
concentration increases [3]. It has also been reported that
above the critical micelle concentration (CMC) the sur-
factant increases the dissolved humic substances [4]. In
our experiments, the absorbances at 0.1 M and 0.5 M
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NaCl showed increase near CMC; the CMC for SDBS
with branched carbon chain were 0.33 mmol-L™ at 0.1 M
NaCl and 0.11 mmol-L™ at 0.5 M NaCl, and those with
linear carbon chain were 0.09 mmol-L™ at 0.1 M NaCl
and 0.04 mmol-L™ at 0.5 M NaCl. However, the ab-
sorbances at 0.001 M NaCl at pH 4.5 and at 0.01 M NaCl
showed increase before CMC; the CMC for SDBS with
branched carbon chain were 2.8 mmol-L™ at 0.001 M
NaCl and 1.8 mmol-L™ at 0.01 M NaCl, and those with
linear carbon chain were 1.3 mmol-L™ at 0.001 M NaCl
and 0.21 mmol-L™ at 0.01 M NaCl. Probably, that is be-
cause the electrostatic repulsive potential near the soil par-
ticles became larger under low electrolyte concentration.

As a surfactant has an ability to dissolve the hydro-
phobic substances, it adsorbs on the hydrophobic part of
the humic substances and dissolves some of them.
Moreover, as DBS is an anionic surfactant, DBS adsorp-
tion in the soil increases the negative charge of the soil.
The increase of the negative charge also promotes the
dissolution of the humic substances by the electrostatic
repulsive force.
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Figure 3. Relationships between absorbance of supernatant
at 400 nm and (a) DBS concentration of supernatant; (b)
Adsorption of DBS at 0.01 M NaCl. The absorbance corre-
sponds to relative concentration of dissolved humic sub-
stances. B-DBS indicates DBS with branched carbon chain
and L-DBS with linear carbon chain.
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Figure 4. Relationships between absorbance of supernatant
at 400 nm and (a) DBS concentration of supernatant; (b)
Adsorption of DBS at 0.001 M NaCl. The absorbance cor-
responds to relative concentration of dissolved humic sub-
stances. B-DBS indicates DBS with branched carbon chain
and L-DBS with linear carbon chain.

The relationships between the absorbances and the DBS
concentrations at different electrolyte concentrations are
shown in Figures 5(a) to 8(a). The relationships between
the absorbances and the DBS adsorptions at different
electrolyte concentrations are also shown in Figures 5(b)
to 8(b). The influence of the electrolyte concentration on
the absorbance is clear in Figures 5-8.

When the electrolyte concentration decreases, the ab-
sorbance increases. That is, when the electrolyte concen-
tration increases, the concentration of dissolved humic
substances decreases. At higher electrolyte concentration,
the electric fields near the surface of soil and humic sub-
stances are shielded by the electrolyte. Then, the humic
substances are flocculative and remain in the soil. As the
soil charge is shielded, repulsive electrostatic force be-
tween the soil and the humic substances is small. There-
fore, the concentration of dissolved humic substances is
low at higher electrolyte concentration.

The different influences of surfactant on absorbance
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are observed among under different electrolyte concen-
trations as shown in Figures 5 to 8. The increase of ab-
sorbance with increase of surfactant concentration or
surfactant adsorption is larger at lower pH (pH 4.5). As
the charge density of the soil and the humic substances
are smaller at pH 4.5 because of the effect of pH depend-
ent charge, addition of surfactant affects much stronger
because the surfactant adsorption increases the charge
density. Especially, the influence of surfactant is most
significant at 0.01 M NaCl at pH 4.5, because the condi-
tion is just on the border of dissolution of the humic sub-
stances. On the other hand, the influence of surfactant on
absorbance is smaller at higher pH (pH 6.5). As the
charge density of the soil and humic substances are larger,
increase of surfactant charge after the adsorption does
not affect much. The absorbance at pH 6.5 shows almost
constant value except those at 0.5 M NaCl at larger than
20 mmol-kg™ DBS adsorption.

The results for DBS with branched carbon chain are
compared with those with linear carbon chain in Figures
1 to 4. The trend is almost same. The clear difference is
not observed. The absorbance for that with linear chain is
slightly larger at 0.5 M NaCl.
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Figure 5. Relationships between absorbance of supernatant
at 400 nm and (a) DBS concentration of supernatant; (b)
Adsorption of DBS at pH 4.5 for DBS with branched car-

bon chain. The absorbance corresponds to relative concen-
tration of dissolved humic substances.
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Figure 6. Relationships between absorbance of supernatant
at 400 nm and (a) DBS concentration of supernatant; (b)
Adsorption of DBS at pH 6.5 for DBS with branched car-
bon chain. The absorbance corresponds to relative concen-
tration of dissolved humic substances.
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Figure 7. Relationships between absorbance of supernatant
at 400 nm and (a) DBS concentration of supernatant; (b)
Adsorption of DBS at pH 4.5 for DBS with linear carbon
chain. The absorbance corresponds to relative concentra-
tion of dissolved humic substances.
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Figure 8. Relationships between absorbance of supernatant
at 400 nm and (a) DBS concentration of supernatant; (b) Ad-
sorption of DBS at pH 6.5 for DBS with linear carbon chain.
The absorbance corresponds to relative concentration of
dissolved humic substances.

3.2. Zeta Potential and Absorbance

The relationships between the absorbance of supernatant
and the zeta potential of the soil particles in the suspen-
sion at different pH are shown in Figure 9. The result
shows the general trend that the absorbance increases
with the increase of zeta potential for each condition ex-
cept those at 0.001 M at pH 6.5. This result indicates that
the zeta potential relates to the concentration of dissolved
humic substances. The absorbance increases when DBS
adsorption increases as mentioned in the above section.
The DBS adsorption increases the negative charge
amount of the soil particle. Thus, the zeta potential of the
soil particles increases. Therefore, the zeta potential in-
creases when the absorbance increases. The absorbance
takes the maximum constant value at 0.001 M NaCl at
pH 6.5 although the zeta potential increases, because the
absorbance value reaches the maximum limit value in the
measurement as mentioned in the above section.

The absorbance is larger at higher pH (pH 6.5) than
that at lower pH (pH 4.5) as mentioned in the above sec-
tion. The zeta potential is comparatively larger at higher
pH, although the difference is not so larger than that for
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Figure 9. Relationships between absorbance of supernatant
and zeta potential of the soil particles in suspension at elec-
trolyte concentration of (a) 0.5 M NaCl and (b) 0.1 M NacCl,
(c) 0.01 M NaCl and (d) 0.001 M NacCl for both branched
and linear DBS at pH 4.5 and 6.5. The absorbance corre-
sponds to the relative concentration of dissolved humic sub-
stances. B-DBS indicates DBS with branched carbon chain
and L-DBS with linear carbon chain.
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the absorbance. This result shows that the zeta potential
is not directly related to the concentration of dissolved
humic substances at different pH, although there is a
trend of correlation. This weak relation probably comes
from the difference of soil surface condition at different
pH. The differences between that with branched carbon
chain and that with linear carbon chain are not large.
They show similar trend as a whole.

The relationships between the absorbance of supernatant
and the zeta potential at different electrolyte concentra-
tion are shown in Figure 10 for SDBS with branched car-
bon chain and in Figure 11 for SDBS with linear carbon
chain.

The zeta potential increases with the increase of ab-
sorbance at each pH. Both the zeta potential and the ab-
sorbance increase with the decrease of electrolyte con-
centration and the increase of DBS adsorption. This re-
sult shows that under the same pH condition, the rela-
tionship between the zeta potential and the concentration
of dissolved humic substances correlate well. Because
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Figure 10. Relationships between absorbance of supernatant
and Zeta Potential (a) at pH 4.5 and (b) pH 6.5 for branched
DBS at different electrolyte concentration. The absorbance
corresponds to the relative concentration of dissolved humic
substances.
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Figure 11. Relationships between absorbance of Supernatant
and Zeta Potential (a) at pH 4.5 and (b) pH 6.5 for linear
DBS at different electrolyte concentration. The absorbance
corresponds to the relative concentration of dissolved humic
substances.

the negative increase of zeta potential increases the elec-
trostatic repulsive force between the soil particles and the
humic substances. Therefore, some part of the humic
substances dissolves to the solution and the absorbance
increases when the zeta potential negatively increases.
The decrease of the absolute value of zeta potential with
the increase of electrolyte concentration clearly shows
the shielding effect of electric field of the soil particles
by electrolytes.

4. Conclusions

In this research the relative concentration of dissolved
humic substances were measured as influenced by SDBS
concentration, pH and electrolyte concentration for the
highly humic volcanic ash soil. The humic substances in
the soil dissolves more into the solutions at higher sur-
factant concentration, higher pH, and lower electrolyte
concentration due to the increase of electrostatic repul-
sive force between the soil particles and the dissolving
humic substances. Those relations were well evaluated
by measuring the zeta potential of the soil particles.

As dissolved humic substances adsorb nutrients and
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contaminants and flow into the water environment, their
fate in the environment is important when considering
material cycle and environmental protection. Because the
dissolution of humic substances is strongly influenced by
surfactant concentration, pH and electrolyte concentra-
tion, the soil condition must be carefully observed for the
good environmental management.
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