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Abstract

To investigate a soil’s decolorization capacity for wastewater treatment, three types of soil (an Andisol, a
sandy soil and a red soil) were compared with activated carbon and charcoal in their respective adsorption
and recovery capacities. Sandy soil and red soil showed negative decolorization rates for sewage plant effluent.
When 10 g of Andisol was applied to decolorize 30 mL of sewage plant effluent or livestock wastewater
diluted fivefold and 20-fold, its decolorization rates reached 51.8%, 59.9% and 66.6%, respectively. The
decolorization capacity of activated carbon and charcoal varied greatly because of their different original
sources and production processes. An analysis of pore size distribution of activated carbons and charcoal
showed that their decolorization capacity was positively related to their respective outside pore surface area
and total mesopore volume. The result of a recovery experiment showed that activated carbon had a quick
desorption for the adsorbed colored substances, which was hardly influenced when incubation time was
increased from 7 days to 14 days. In contrast, the recovery rates for Andisol, zeolite and charcoal could be
enhanced by increasing the incubation time from 7 days to 14 days or by decreasing the concentration of
colored substances. During the continuous operation of Andisol-based decolorization systems, a column
(100 cm?) filled with Andisol (84 g) and activated carbon (6 g) maintained a decolorization rate of more
than 60% for 20 days for 20-fold diluted livestock wastewater with an absorbance of 0.8 at a wavelength

of 406 nm at a hydraulic loading rate of 50 mL soil 100 cm™ day™.
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INTRODUCTION

Many countries have strict regulations concerning the
release of wastewater, which require that wastewater
discharges should not only avoid environmental impacts
but should also, where possible, be treated and recycled.
In Japan, owing to the many effective wastewater treat-
ment technologies available, most of the pollutants in
the wastewater, especially biodegradable pollutants, can
be controlled in accordance with government regulations.
However, most of the non-biodegradable components
of wastewater, such as the colored substances found in
sewage and livestock wastewater, cannot be treated in
an effective way and have caused visual pollution and
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hindered the recycling of treated water (Mori et al. 1997).
There is an urgent need to develop new technologies to
decolorize wastewater in an effective and economical
way to promote environmental health and ensure efficient
water recycling.

Adsorption is one technique that has been successfully
used for the effective removal of non-biodegradable
pollutants. The first step in establishing an efficient
adsorption process is to find adsorbents with high sele-
ctivity, high capacity and long life. These need to be
available in large quantities and have to be affordable
(Figueiredo et al. 2000). Activated carbon is one of the
most well-known adsorbents, but because of its high price,
research has also been directed towards alternative
adsorbents, including the use of natural materials, such
as soil, charcoal and bamboo charcoal (Diez et al. 1999;
Yatagai et al. 1995). It has been reported that, when
applied to livestock wastewater with an absorbance of
0.201 at a wavelength of 410 nm, Andisol showed a
decolorization rate of more than 50% over 60 days
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(Mori and Sakimoto 1998). The main mechanism for
an Andisol to act as an adsorbent appears to be its high
content of organic matter, which has a great affinity
with pollutants, such as humic and fulvic acids.
Furthermore, its clay-reactive sites, such as the Al and
Fe hydroxide groups, can also be involved in fixing
organic pollutants onto the soil matrix (Mora and
Canales 1995).

In practical wastewater treatment systems, aside from
the above-mentioned characteristics of the adsorbents,
other factors, such as adsorbate—adsorbent chemical
relations and treatment conditions, might also influence
the adsorption kinetics (Figueiredo et al. 2000), and we
need to establish a long-life decolorization technique with-
out the necessity for frequent changes of the adsorbents.
In this study, we conducted a series of experiments to
compare the characteristics of soils and other adsorbents
in decolorizing wastewater, to examine the adsorption and
recovery balance for the different adsorbents, and to
investigate the influence of other factors on the treatment
performance of actual soil-based decolorization systems.

MATERIALS AND METHODS

Wastewater and adsorbents

In this study, two types of wastewater with different
colored substance concentrations were used. The first
type of wastewater was effluent from a local sewage plant.
When measured with a spectrophotometer (JASCO,
V-530, Tokyo, Japan) at a wavelength of 406 nm, it
showed an absorbance of 0.02. The other type was live-
stock wastewater from a local dairy farm without any
pretreatment, which showed an absorbance of approx-
imately 2.85. When diluted fivefold, 20-fold and 50-fold,
it showed absorbances of 1.91, 0.80 and 0.435, respectively.
Various wavelengths have been proposed for measuring
the color of humic water using a spectrophotometer

from 400 nm to 465 nm. These wavelengths have been
selected because of the equal absorption coefficients for
fulvic acid and Pt-standard. The wavelength of 406 nm
was used in the present study because humic matters are
positively correlated with color and the absorbance of
humic solutes increases with decreasing wavelength
(Hautala et al. 2000).

Three types of soil (Andisol, sandy soil and red soil),
zeolite (1-3 mm), nine types of activated carbon (AC)
and wood charcoal were tested. Andisol was collected
from the top surface soil of Mount Sanbe of Shimane
prefecture, Japan. Sandy soil (Inceptisol), a decomposed
granite soil, was collected from the sub-surface mountain
soil of Inbe, Shimane Prefecture, and is commercially
available in Japan (Araya, Shimane, Japan). Red soil
(Ultisol) was collected from sub-surface mountain soil
in Matsue city, Japan. The physical and chemical prop-
erties of the tested soils are shown in Table 1. The nine
ACs were powdered activated carbon with a peak pore
diameter of 20 A. They were obtained from two companies
(EnviroChemicals, Osaka, Japan and Ajinomoto Fine-
techno, Tokyo, Japan) with commercial names, Shirasagi
M, MD5, E-200 and F-17W, H-10, HJA, F-17W (pH
adjusted), H-10 (pH adjusted) and HJA (pH adjusted).
The wood charcoal was in the shape of chips and was
obtained from Sumihachi Izumo-doken, Izumo, Japan.
The respective surface area pore size distribution char-
acteristics are shown in Table 2.

Adsorption experiment

Different amounts of adsorbent samples based on dry
weight (5, 20, 50, 100, 150 and 200 mg for AC and
charcoal, and 50, 100, 500, 1,000, 5,000 and 10,000 mg
for soils and zeolite) were put into 50-mL centrifuge
tubes and 30 mL of wastewater was added to the tubes,
which were shaken for 1h on a horizontal shaker at
150 rpm at a temperature of 20°C. The tubes were

Table 1 Soil classification, pH, particle size distribution, total carbon (TC), total nitrogen (TN), effective cation exchange capacity

(eCEC) of Andisol, sandy soil and red soil used in the experiment

Soil Classification Andisol" Andisol Sandy soil* Inceptisol Red soil® Ultisol
pH (H,0) 5.5 5.9 5.2
Particle size distribution (%)

Course sand (2-0.2 mm) 53.9 74.9 16.3

Fine sand (-0.02 mm) 19 18.1 19.3

Silt (=0.002 mm) 16.4 1.9 25.3

Clay (< 0.002 mm) 10.7 5.1 39.1
TC (%) 6.61 ND 2.83
TN (%) 0.46 ND 0.31
eCEC! (cmolc kg™) 4.39 6.1 16.39

tAndisol was collected from top surface soil of Mount Sanbe, Shimane Prefecture. *Sandy soil was collected from sub surface mountain soil of Inbe,
Shimane Prefecture. SRed soil was collected from sub surface mountain soil of Matsue, Shimane Prefecture. %eCEC is the sum of exchangeble base

(Ca, Mg, Na, K) and exchangeble acidity. ND, not detected.
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Table 2 pH value, original source, total surface area of micropores (A1), total outside surface area of micropores (A2), total
surface area of mesopores (Ap), total volume of micropores (Vp) and mesopores (Vp), peak of the diameter of micropore
distribution (Dp) and peak of the radius of mesopore distribution (Rp) of some of the activated carbon and charcoal used in the

experiment
Micropores Mesopores

Adsorbents pH  Source Al (m?’g") A2 (m?’g") Vp(cm’g™") Dp(nm) Ap(m?’g~) Vp(mm’g”) Rp (nm)
ShirasagiM 5.5-7.5 Wood 1237.00 123.85 0.46 0.63 272.48 325.84 0.95
MDS5 5.5-7.5 Hard coal 1020.10 67.93 0.41 0.78 214.87 223.3 0.95
E-200 5.5-7.5 Coconut shell  1237.50 21.54 0.44 0.63 71.10 71.407 0.95
F-17W 9.7 Wood 1227.50 84.34 0.48 0.63 259.36 277.08 0.95
H-10 9.4 Hard coal 1074.10 25.41 0.49 0.78 269.67 199.09 0.95
HJA 9.8 Hard coal 1168.10 34.64 0.45 0.78 121.76 149.84 0.95
Charcoal ND Wood 324.93 7.42 0.13 0.78 33.93 33.844 0.95

ND, not detected.

Table 3 Names, composition material, mixing percentage and bulk density of the columns in the recovery experiment

Column name Composition material

Mixing percentage Bulk density (g cm™)

Andi Andisol

Andi+Char Andisol + Charcoal
Zeolite Zeolite

San+Shira-M Sandy soil + Shirasagi M
Red+Shira-M Red soil + Shirasagi M
Andi+Shira-M Andisol + Shirasagi M
Andi+MD35 Andisol + MD$§

0.90
90% + 10 0.84

1.00
90% + 10 1.20
90% + 10 0.93
90% + 10 0.84
90% + 10 0.84

centrifuged for 5 min at 1086 g and the supernatant was
measured at 406 nm. All of the experiments were done in
triplicate and the decolorization rate was calculated as
follows:

D = (ABSo — ABSe)/ABSo x 100 (1)

where ABSo and ABSe refer to the absorbance of waste-
water and treated water, respectively, at 406 nm.

Recovery experiment

Seven columns with a volume of 100 cm® were filled
with mixtures of different adsorbents (Table 3). The
experiment was conducted over three recovery periods
(7-day, 3-day and 14-day). For the 7-day and 14-day
recovery periods, Process A, including three stages, was
adopted (Fig. 1a). First, the columns were filled with
10-fold-diluted livestock wastewater at a hydraulic
loading rate (HLR) of 100 mL column™ day™ for 48 h.
Second, the columns were filled with fivefold-diluted
wastewater and kept at room temperature for 2 days
until they were saturated with colored substances.
Third, they were incubated at a temperature of 30°C for
7 days or 14 days. For the 3-day recovery period, Process
B was adopted, which omitted the saturation stage
(Fig. 1b). Sampling of water was conducted twice (after
24 h and 48 h) at the first stage and once after being
saturated with colored substances.

© 2007 Japanese Society of Soil Science and Plant Nutrition

The recovery rate of the adsorbents was calculated
as:

R =Del/Do (2)

where De refers to the decolorization rate of the
adsorbents at each sampling time and Do refers to the
decolorization rate of the adsorbents at the first sam-
pling time.

Continuous column experiment

Eight columns with a volume of 100 cm® were filled
with Andisol or zeolite as the main adsorbents and mixed
with AC or charcoal in different ratios (Table 4). Two
of these columns were filled with hexadecyltrimethyl
ammonium (HDTMA) treated Andisol and zeolite at
concentrations similar to their respective cation exchange
capacity (CEC) for 24 h. The concentration of HDTMA
for the Andisol treatment was 10 cmol kg™ and for
zeolite was 100 cmol kg™', as HDTMA was expected to
increase the sorption of non-ionic organic compounds
in the adsorbents by partition interactions with the
HDTMA-derived organic phase (Jaynes and Boyd 1991).
Column AC30’ was always applied at twice the HLR of
the other seven columns. To check the aeration effect
on the systems’ decolorization performance, aeration at
an amount of 1,000 mL min™ column™ was applied to

Char15 and Char30 from 21 September to 4 October
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Figure 1 Experimental process for the recovery experiment.
(a) Process for 7-day and 14-day incubation with saturation
and (b) process for 3-day incubation without saturation.

2005. The experimental period and treatment conditions
are listed in Table 5.

Laboratory analysis

The air-dried soil samples were ground and passed
through a 2-mm sieve. Soil pH was measured using the
glass-electrode method (Japan Soil Standard Analysis
and Measurement Method Committee 2003a); particle
size distributions were measured using the pipette method
(Japan Soil Standard Analysis and Measurement

Method Committee 2003b); total carbon (TC) and total
nitrogen (TN) were measured using the dry combustion
method with an NC-analyser (Yanako MT-700) (Japan
Soil Standard Analysis and Measurement Method Com-
mittee 2003¢,d, Kyoto, Japan). Exchangeable acidity
was extracted with 1 mol L™ KCI and titrated with
NaOH (McLean 1965). Exchangeable base cations (Ca,
Mg, K and Na) were extracted with 1 mol L™ neutral
ammonium acetate (Thomas 1982). Exchangeable Ca and
Mg were determined using inductively coupled plasma-
atomic emission spectroscopy (Shimadzu ICPS 2000,
Kyoto, Japan) and exchangeable K and Na were deter-
mined using an atomic absorption spectrophotometer
(Shimadzu AS 680). Effective cation exchange capacity
(eCEC) represents the sum of the amount of exchangeable
bases and exchangeable acidity. The pore size distribution
of AC and charcoal was analyzed using the nitrogen
adsorption method with an automatic gas adsorption
machine (BEL-mini, Osaka, Japan).

RESULTS AND DISCUSSION

Decolorization capacity of the tested adsorbents
in the adsorption experiment

Figure 2 shows the decolorization rates of the different
adsorbents when added to sewage plant effluent. At an
amount of 50 mg per 30 mL, the decolorization rate of
the Andisol was 11.7%, while the sandy soil and red
soil showed a negative effect. In contrast, different ACs
showed considerable variation when applied at an
amount of 5mg per 30 mL. Shirasagi M attained a
decolorization rate as high as 78.8%, while E-200 only
removed 4.7% of the colored substances in the waste-
water. When the amount of Andisol was increased
to 10,000 mg per 30 mL, its decolorization rate
increased to 51.8%. At 200 mg per 30 mL, five types of
AC, Shirasagi M, MDS5, E-200, F-17W and F-17W
(pH-adjusted), achieved decolorization rates of more
than 90%, but the other four ACs only removed 40%
of the colored substances. At the same treatment
amount, the decolorization rate for charcoal reached
46.1%, which was comparable with some of the ACs.

Table 4 Names, composition material, mixing percentage and bulk density of the columns in the continuous column experiment

Column name Composition material

Mixing percentage Bulk density (g cm™)

Andi Andisol 0.90
AC1S5 Andisol + Shirasagi M 85% + 15 0.81
AC30 Andisol + Shirasagi M 70% + 30 0.72
Char15 Andisol + Charcoal 85% + 15 0.81
Char30 Andisol + Charcoal 70% + 30 0.72
Andi+HDTMA Andisol + hexadecyltrimethyl ammonium 0.90
Zeo+HDTMA Zeolite + hexadecyltrimethyl ammonium 1.00
AC30’ Andisol + Shirasagi M 70% + 30 0.72
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Table 5 Experimental period, time, applied wastewater, hydraulic loading rate (HLR) and aeration conditions during the

continuous column experiment period

Period Time Livestock wastewater HLR (mL column™ day™) Aeration
1 22-28 June 2005 Fivefold diluted 100 No
2 1-9 July 2005 Fivefold diluted 50 No
3 12 July-22 August 2005 20-fold diluted 50 No
4 21 September—4 October 2005 20-fold diluted 50 Yes!
tAeration was applied to Column Char30 and Char1$5 at a rate of 1000 mL min™ during Period 4.
a b e Shirasagi M X MD5 X E-200 A F-17TW
+ Andisol X Sandy soil A Red soil OF-17W-p < H-10 = H-10-p O HJA
B HJA-p A Charcoal
100% 100%
8 2 80%
S 50% | + s 0
g Ve 7 g 0%
S owf
5 %//d/_’—k 5 40%
S 5t
i | 8 20%
_100% 1 1 1 1 ] 0% 1 1 1 1 ]
0 2000 4000 6000 8000 10000 0 40 80 120 160 200

Amount of soil (mg)

Amount of adsorbents (mg)

Figure 2 Effect of the amount of adsorbent on the decolorization rates of sewage plant effluent. (a) Decolorization rates by soil

and (b) decolorization rates by activated carbon and charcoal.

For the decolorization of livestock wastewater, at an
amount of 50 mg per 30 mL, the Andisol had removal
rates of 3.8, 22.4 and 19.7%, respectively, for fivefold,
20-fold and 50-fold diluted wastewater. When the amount
increased to 10,000 mg per 30 mL, the decolorization
rates increased to 59.9, 66.6 and 57.8%, respectively
(Fig. 3a). Further dilution of wastewater from 20-fold
to 50-fold did not increase the decolorization rates of
the Andisol, which suggests that the concentration of
colored substances at 20-fold dilution was almost at the
threshold for Andisol. In this study, the decolorization
rate was 27.7% for Andisol at an amount of 500 mg
per 30 mL to treat wastewater with an absorbance of 0.45
at 406 nm. Mori and Sakimoto (1998) have reported
that some Andisols are capable of a decolorization rate
as high as 76.8% at 500 mg per 10 mL for livestock
wastewater with an absorbance of 0.202 at 410 nm.
Zeolite showed decolorization rates of 5.3%, 11.4%
and 13.7%, respectively for fivefold, 20-fold and 50-fold
diluted livestock wastewater at an amount of 50 mg.
When the amount of zeolite increased to 10 g, the
decolorization rates also increased to 34.5%, 46.8%
and 49.7%, respectively. The colored substances removal
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capacity of zeolite might come from its unique structure
because zeolite are naturally occurring aluminosilicate
minerals with 3-D structures based on SiO} and AlO]
polyhedra. These polyhedra are linked by their corners
to form internal cavities in which molecules of various
sizes can be trapped. Although the surface of zeolite is
negatively charged in the entire pH region, the porous
zeolite is host to water molecules and ions of potassium
and calcium as well as other positively charged ions
that can attract anionic humic molecules from the solution
(www.lenntech.com/zeolites-structure-types.htm).

For the decolorization of fivefold-diluted livestock
wastewater, all the ACs and charcoal showed low
decolorization rates ranging from 1.8% to 6.9% at a
low amount of 5 mg per 30 mL. With an increase in the
adsorbent amount, the decolorization rates increased,
although there were big differences between them
(Fig. 3b). The rate for Shirasagi M increased the fastest
and reached 78.1% at 200 mg per 30 mL, followed by
MD35 (58.9%), E-200 (31.5%) and charcoal (11.8%).
The further dilution of wastewater to 20-fold increased
the decolorization rates of all the adsorbents, even at the
small amount of 5 mg per 30 mL (Fig. 3¢). E-200 and
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Figure 3 The effect of the amount of adsorbent on the decolorization rate of livestock wastewater diluted by different amounts.
(a) Decolorization rates by Andisol and zeolite for fivefold, 20-fold and 50-fold diluted wastewater, (b) decolorization rates
by activated carbons (ACs) and charcoal for 5-fold diluted wastewater, (c) decolorization rates by ACs and charcoal for 20-fold
diluted wastewater and (d) decolorization rates by ACs and charcoal for 50-fold diluted wastewater. Andi, andisol; zeo, zeolite.

MDS increased by approximately 30% and Shirasagi M
by approximately 45%. At an amount of 200 mg per
30 mL, Shirasagi M showed the highest removal rate
(88.8%), followed by MDS (68.1%), E-200 (48.9%)
and charcoal (31.8%). However, when the wastewater
was further diluted to 50-fold, E-200, MDS5 and charcoal
showed little increase in decolorization rates, a result
similar to that for the Andisol (Fig. 3d).

Decolorization capacities of these four types of
adsorbents for sewage and livestock wastewater treatment
were in the order Shirasagi M > MDS$ > E-200 > charcoal.
The analysis of pore size distribution (Table 2) showed
that this was positively correlated with the total mes-
opore volume and specific micropore outside surface
area of the adsorbents, which was in agreement with
the results reported by Mitsuyoshi et al. (1995). As the
colored substances in the wastewater are mainly com-
posed of large and non-degradable compounds (Navia
et al. 2005), the macropores and mesopores can serve as
avenues for the rapid diffusion into the micropores
where they are adsorbed. Shirasagi M, F-17W and F-
17W (pH-adjusted) are made from wood, so they have
well-developed pore size systems and achieved much
higher decolorization rates than the other ACs. Andisol

could also be a competitive adsorption material for
retaining large non-biodegradable molecules because of
its high specific arca between 310 and 672 m* g™ (Diez
et al. 1999) and its high organic carbon content, which
is able to act as a nanoporous sorbent of organic pollutants
(Pignatello 1998).

Recovery capacity of the tested adsorbents in
the recovery experiment

Figure 4a,c shows that after 7 days incubation, the
decolorization capacities of the Andisol, Andisol plus
charcoal (Andi+Char) and Zeolite columns decreased to
less than 10% after three cycles of saturation and incu-
bation, whereas the sand plus Shirasagi M (San+Shira-M)
and Andisol plus Shirasagi M (Andi+Shira-M) columns
were able to maintain stable decolorization rates of
approximately 40% even after three experimental runs.
Shirasagi M might have a high and quick decomposition
capacity for the adsorbed colored substances on the sur-
face as well as in the pores. The columns of red soil plus
Shirasagi M (Red+Shira-M) and Andisol plus MD35
(Andi+MDJ35) decreased their decolorization rates to
approximately 20% after three running cycles. The
recovery rates of the columns defined by Eq. 2 also showed

© 2007 Japanese Society of Soil Science and Plant Nutrition
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Figure 4 Effect of incubation time on the recovery rates of Andisol-based and zeolite-based systems during the recovery
experimental period. (a) Decolorization rates by andisol (Andi), andisol plus charcoal (Andi+Char) and Zeolite, (b) recovery rates
by Andi, Andi+Char and Zeolite, (c) decolorization rates by sandy soil plus Shirasagi M (San+Shira-M), red soil plus Shirasagi M
(Red+Shira-M), andisol plus Shirasagi M (Andi+Shira-M) and Andisol+MD35 and (d) recovery rates by San+Shira-M, Red+Shira-

M, Andi+Shira-M and Andisol+MDS35.

that San+Shira-M and Andi+Shira-M were very stable
(Fig. 4d) and the recovery rates stayed at approximately
50% after three cycles, followed by Red+Shira-M
(30%). In contrast, the recovery rates for the Andisol,
Andi+Char and Zeolite columns decreased by 62.4,
52.7 and 36.5%, respectively, after three cycles of
saturation and incubation (Fig. 4b), which suggests that
the adsorbed colored substances were difficult to
decompose within 7 days.

After 3 days of incubation without saturation, the
columns of Andisol, Andi+Char and Zeolite showed
higher recovery rates than after the 7-day incubation.
However, for columns filled up with soil and AC, the
shortening of incubation time and the omission of the
saturation stage did not have much influence on their
recovery rate, which confirmed that AC had a relatively
faster decomposition speed for the entrapped colored
substances and could maintain a stable decolorization
capacity. Red soil was clogged during this period, which
probably resulted from the clay dispersion caused by the
high sodium content of the wastewater (approximately
105 mg L™ for 10-fold-diluted water), as the clay con-
tent in red soil was as high as 40% (Table 1).

© 2007 Japanese Society of Soil Science and Plant Nutrition

The increase in incubation time to 14 days also
increased the recovery rates of the Andisol, Andi+Char
and Zeolite columns. Tanner et al. (1995) reported that
in a wetland designed for livestock wastewater treatment,
the colored substances concentration in the outflow
showed a gradual decline with increasing hydraulic
retention time. This suggests that we can either increase
incubation time or decrease colored substances con-
centration to maintain the sustainability of the decolor-
ization capacity of these three columns. However, an
increase in incubation time did not have much influence
on the decomposition rates of the ACs, which seemed to
have a limit to their decolorization capacity and recovery
rate that was correlated with their own characteristics,
such as surface area, pore volume and pore size distribution.
The results of the recovery experiment indicate that the
decolorization capacity of AC could be recovered within
7 days with saturation or 3 days without saturation. As
a proportion of the adsorbed colored or other substances
from wastewater was probably fixed into the pores of
the adsorbents and hardly ever released, the recovery rate
of the adsorbents could not fully return to the original
level (Fig. 4c¢).
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during Period 1 and 2. AC, activated carbon; Andi, andisol; Char, charcoal; HDTMA, hexadecyltrimethyl ammonium; Zeo,

zeolite.

Performance of soil-based decolorization
systems in the continuous column experiment

The column experiment started with fivefold-diluted
livestock wastewater from 22 to 28 June 2005 at a
HLR of 100 mL column™ day™'. Decolorization rates
for all the columns decreased by 26.2-53.8% after 1 week,
except for Column AC30, which still maintained a
decolorization rate as high as 70% after 1 week. This
could have resulted from the high content of Shirasagi
M (Fig. 5). However, after 2 weeks’ operation, AC30
was gradually saturated with the adsorbed colored sub-
stances and showed almost the same decolorization rate
as that of AC15. As column AC30’" was applied at twice
the HLR of the other columns, its decolorization rate
decreased by 81.6% after 1 week of running. The columns
of Char30 and Charl5 were nearly 30% lower than
AC30 during this period. An increase in the amount of
charcoal did not show much difference to the decolor-
ization effect. The HDTMA treatment showed no clear
effect with Andisol, but Zeo+HDTMA showed a higher
decolorization rate than Char30 and Charl5. This
suggests that treatment with a high concentration of
HDTMA might enhance colored substances adsorption.
In period 2, from 1 to 12 July 2005, HLR was adjusted
to 50 mL column™ day™, and all the columns’ decolor-
ization rates still kept decreasing to 0.6-24.4%. It
seems that the systems were saturated with the high

concentration of colored substances and could not
recover their adsorption capacity under the treatment
conditions of periods 1 and 2, even for AC30 filled with
twice the amount of Shirasagi M.

Livestock wastewater diluted 20-fold was applied to
the systems after 14 July 2005, and columns of AC30,
Andi+HDTMA and AC30’ were stopped during period 3.
The low HDTMA concentration treatment to Andisol
showed no clear effect during Periods 1 and 2. In the
case of AC30 and AC30’, twice the amount of Shirasagi
did not have much effect on colored substances removal
when the system was supplied with high-concentrated
wastewater or at a high HLR. The other five columns
all showed increasing decolorization rates at the beginning
of this period and then remained stable from 2 to 22
August 2005. The average decolorization rates during
the stable period were as follows: column AC15 showed
the highest removal rate of 68.0%, followed by Andi
(63.4%), Zeo+HDTMA (45.0%), Char30 (30.8%) and
Char15 (30.6%). This shows that the columns could
continuously remove colored substances at suitable
HLR and colored substances concentrations, even after
they were almost saturated at the beginning of period 3.
Thus, under suitable conditions, soil-based systems can
maintain a sustainable decolorization capacity even with
only Andisol as an adsorbent. During period 4, from
21 September to 4 October 2005, columns of Charl15
and Char30 were treated with aeration at a rate of
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1,000 mL min~ column™, but this did not have any
obvious effect in enhancing the decolorization rates.
The effects of aeration on decolorization still require
further research to reach any conclusions. Meanwhile,
the decolorization rates for Andisol showed a gradual
decline, while the rate for Zeo+HDTMA increased
during this period. The adsorption sites on the surface
of Andisol might get saturated with adsorbed colored
substances after 3 months of operation. However, with
time passing, the adsorption of NH}-N from wastewater
by zeolite with its high eCEC might have reversed the
charge on the external surface from negative to positive;
thus, imparting an affinity of the zeolite for negatively
charged humic substances in the wastewater (Li et al.
1998). In addition, organic matter accumulated in the
zeolite surface might have also imparted affinity to
colored substances.

Conclusions

Different materials showed different adsorption and
recovery capacities in decolorizing sewage plant effluent
and livestock wastewater. Andisol was a good adsorbent
for colored substances removal because of its high
organic content and specific surface arca. Although ACs
showed high decolorization capacities, their efficiency
varied widely because they were made from different
source materials and by different activation processes.
The recovery rate for natural materials, such as Andisol,
zeolite and charcoal, could be enhanced by increasing
incubation time or decreasing the original colored sub-
stances concentration of the wastewater. The decolor-
ization system based on Andisol+AC was effective and
sustainable under the right conditions. However, for
practical applications, other factors (such as HLR and
aeration) still need further study to establish a real-life
treatment system because they were found to influence
the decolorization effect to a considerable degree.
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