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Abstract

Objectives Now, a lot of researchers have tried to make
recycled rigid materials from the sludge cake produced in
paper mill industries for the purpose of decreasing its
volume. In this study, the researchers tried to make eco-
nomically a disposable bin and to examine whether it is
toxic or not to the outside environment.

Methods To make a disposable bin, the researchers used
the sludge cake, a plastic basket, as a fixed mold, white
cloth or newspaper, as a removable supporter for wrapping
around the mold, and latex or plaster, as a binder. The
strength of the samples was measured by tensile-stress
testing. The water absorption was evaluated by Cobb test.
As toxicological tests, leaching test and seed germination
test were selected.

Results It was possible to form the disposal bin from the
cleaned sludge cake. They seemed safe to carry garbage in
the industry judging from the results of tensile-stress test-
ing. Some of them showed less water absorptiveness
(higher water resistance) in the results of Cobb test. The
results of leaching test showed small values of three heavy
metals, lead, nickel and copper, in the leachate. The seed
germination test suggested no adverse effects of the bins in
the clay and sand on the tomato growth.

Conclusions The results of these tests suggest that the
bins have good strength, sufficient water resistance and no
toxicological effect on the environment. This new recycled
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bin has the possibility to solve the environmental and
health problems at disposing the sludge cake.

Keywords Paper mill - Sludge cake - Recycled bin -
Lead - Toxicological effect

Introduction

Paper mill industries in Thailand generally have produced
much wastewater. Since this wastewater contains a lot of
organic matters, such as short fiber and heavy metals
especially lead, it is usually treated both chemically and
biologically [1, 2]. Sludge cake produced after the treat-
ments is usually burned or disposed into an industrial
landfill [3].

An open industrial landfill with hazardous materials
could be one of the sources of pollutants and cause envi-
ronmental degeneration [3] and health problems, which
significantly contribute to public health risk. It is also
necessary to manage the ecological risks, such as soil
erosion and water pollution [4].

Earlier studies show that sludge cake is sometimes uti-
lized as fertilizer [5], soil conditioner [6] or fuel for com-
bustion [7]. Now, a lot of researches have tried to make
recycled rigid materials from the sludge cake [8]. They are
lightweight aggregates, brick, tile, char, and slag. These are
technically feasible, but not economically [8]. To reduce
landfill waste and pollution emission economically, the
disposable bin was designed in this study.

Converting the sludge cake into a disposable bin has
three advantage points. The first one is to decrease the
volume of sludge cake disposed into an industrial landfill.
The second one is to decrease the usage of black plastic bag
for collecting garbage in the industry. The third one is that
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all workers in the industry can use the disposable bin in any
place inside the building. To dispose the new recycled bin
with industrial garbage into the industrial landfill, the
sludge cake should be surely shaped and safe for envi-
ronment. However, there is little information on such shape
forming and its environmental effects.

The aim of this study was to clarify whether the dis-
posable bin acceptable by workers would be economically
made or not and whether it is toxic or not to the outside
environment considering it will be discharged outside an
industrial area in the future, for example, to a municipal
landfill.

Methods
Cooperative industry

The cooperative industry is a medium-sized (214 workers)
paper mill industry in Thailand producing duplex board for
detergent, soap and tooth paste container, etc. The waste-
water is approximately 3,800—4,500 m® in a day. The
excess sludge is condensed by sludge thickener and screw
press, and then becomes the sludge cake (Eurochem,
Activated Sludge System). The large volume of sludge
cake is disposed into the industrial landfill.

Preliminary experiments

Characteristics of the sludge cake were analyzed by Public
Health and Environmental Technology Services, Faculty of
Public Health, Mahidol University. The sludge cake
included 23 % of sludge ash in average and then volatile
solids were 77 (100-23) %. Oil and grease were 11.3 mg/
L. The concentration of lead was 0.556 mg/L, the one of
nickel was 0.113 mg/L, and the one of copper was
1.006 mg/L [9].

The results analyzed with a fiber-length analyzer (Ka-
jaani, FS-200) at a laboratory in Asian Institute of Tech-
nology (AIT laboratory) showed that short fibers (less than

Fig. 1 Coarse wire screen (a),
fine wire screen (b) and
products (cracked bin) (c) of the
preliminary experiment

(a) Coarse wire screen

2.60 mm) (by number of fiber) were 98.8 % and long fibers
were then 1.2 %.

The components of shape forming were a fixed mold, a
removable supporter for wrapping around the mold, and a
binder. In the preliminary experiment, a plastic basket was
used as the fixed mold. Wasted wire screen was used for
the removable supporter. Industrial latex (Thai Mitsui
Specialty Chemical, Acrylax-8907) was used as the binder.

The plastic basket was wrapped outside by the coarse
wire screen with approximately 25 mm x 25 mm opening
(Fig. 1a) and covered by the fine wire screen (mesh size
number 50) (Fig. 1b). Latex was homogeneously mixed
into the sludge cake in saturation volume. One hundred
grams of the sludge cake needed 5 ml of latex (latex:sludge
cake 1:20). Tap water was added into the sludge cake
mixed with latex to form slurry. The slurry was pasted
around the fine wire screen with a trowel to about 3.5 mm
thickness. The sample was naturally dried under the
sunshine.

The slurry of sludge cake mixed with latex did not stick
to the fine wire screen and flowed downward. The sample
product dried slowly more than 3 days, and it then cracked
(Fig. 1c). This may be resulted from two reasons. One
reason was that the sludge cake contained a lot of oil,
grease, rosin and alum as impurity or interference. Thus, it
needs to be cleaned. The other reason was that the opening
of the fine wire screen is too large. Consequently, the
removable supporter was replaced in the shape-forming
experiment.

Shape forming
Shape-forming experiment

The sludge cake was cleaned by tap water and was natu-
rally dried under the sunshine for 3 h.

A plastic basket (circular shape, 305 mm height,
330 mm top diameter and 254 mm bottom one) was used
as the fixed mold (Fig. 2a). Used cloth or old newspaper
was used as the removable supporter. Used cloth was

(b) Fine wire screen (¢) Products (cracked bin)
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Fig. 2 A plastic basket as the
fixed mold (a), used cloth as the
removable supporter (b), old
newspaper as the removable
supporter (c¢) of the shape-
forming experiment

(a) Plastic basket

[

selected because of impermeability to water during pasting
the slurry (Fig. 2b). Old newspaper was selected because it
was easily obtained in industries and because it was cheap.
It was cut into small pieces, soaked with water and then
pasted on the plastic basket (Fig. 2c).

The industrial latex same as chosen in the preliminary
experiments was used as the binder. Plaster (STS Gypsum
Plaster, Gypsum plaster) was also selected because it was
cheaper than latex. The plaster was mixed in three different
weights; weight ratios between the plaster and cleaned
sludge cake were 1:5, 1:10, and 1:20.

The cleaned sludge cake was mixed with the latex or the
plaster. After that, it was pasted on the removable supporter
around the plastic basket to the 3-5 mm thickness. The
production was dried in open air under the sunshine 2-3 h
a day for 1-2 days. The slurry of sludge cake was pasted
again on the half dried slurry to 3-5 mm thickness. With
same procedure, the slurry was pasted third time. The
production was then dried for 3—4 weeks. The dried pro-
duction was removed from the plastic basket.

Strength and water absorption testing

Flat wood was selected as the fixed mold. The used cloth
and the old newspaper were selected as the removable
supporter. Both flat woods and the used cloth or the old
newspaper were cut into A4 size. The testing materials
were made as mentioned below. The plaster at ratio 1:5,
1:10 or 1:20 or latex at saturated concentration (1:20) was
mixed into the cleaned sludge cake until the slurry became
homogeneous completely.

The used cloth or the old newspaper was attached to the
flat wood. The slurry of sludge cake mixed with plaster or
latex was pasted on it by a trowel. It was spread into uni-
form thickness (4 mm average) and smoothed by a wooden
roller. This sample sheet was covered with thick plastic
board to protect the surface and to be dried stably and
slowly. Weight was measured 4-5 times until the weight
became almost constant to confirm whether the sample
sheets were completely dried.

During procedures, 22 sample sheets were cracked.
Totally, 58 sample sheets were obtained for the strength
test and the water absorption test. One combination of the
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(b) Used cloth (c¢) Old newspaper

Fig. 3 Sample sheets using latex as the binder (a) and plaster as the
binder (b) for strength test and water absorption test

removable supporter and the binder consisted of 6-10
sample sheets. Some of them showed the bending after
unclipping the thick plastic board. The bending was greater
among sample sheets using the latex (Fig. 3a) than ones
using the plaster (Fig. 3b).

The strength testing was done by a tensile-stress testing
machine (Toyoseiki, Pendulum type) to confirm load
resistant [10]. Three sample sheets were selected from each
combination. Four points were measured in each sample
sheet.

The water absorption testing was made by Cobb test
[11]. Cobb test is to measure weight of water absorbed into
a sample in a specified time. Three sheets were generally
selected from each combination. Some sample sheets using
the latex were not used because of their bending.

Toxicological testing
Best quality selection

Scoring test [12] was done to identify the appropriate
combination of removable supporter and binder before
toxicological testing. Aspects to estimate the material were
appearance, strength, water absorption and economic cost.

Leaching test and seed germination test

Three types of materials, mentioned above, were used for
toxicological testing. As toxicological tests, leaching test
and seed germination test were selected to confirm negative
effect to the groundwater and the plant growth in the
municipal landfill.
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From the results of chemical analysis in the preliminary
experiments [9] lead, nickel and copper were mainly
accumulated in the sludge cake. Procedures to determine
these three heavy metals concentrations in the sample were
total element analysis (wet digestion) [13] and leaching test
under USEPA SW 846 [14]. Leaching test estimates
amount of heavy metals moved out from the bin to the
groundwater, when the rain would attack the bin and then
infiltrate into the landfill. Three sample bins were used for
this testing.

To determine the adverse effect of three heavy metals,
etc., on the plant growth in the landfill, seed germination
test was used [15]. Tomato was selected as the seeds and
three stocks were used. Clay and sand from Lab SERD
(School of Environmental Research Department, AIT
Laboratory) (SERD™™ soil) were used for the plant growth.
This soil is an effective and economical medium for
starting seeds. It is processed to balance the pH for optimal
plant growth and hold the water yet drain well. Crushed
material of bin was mixed with appropriate ratio with soil
(weight of crush material:soil 1:4). Tomato seeds were
planted in sand (control for pure materials of bin), crashed
bins, soil on sand (control for mixed materials of bin and
soil) and mixed materials of bins and soil. Observation
period was set 25 days.

Eight groups were run. They were:

— Control group: sand only and soil on sand

— L bin group: crushed material using the combination of
used cloth and latex without soil and one with soil

— P20 bin group: crushed material using the combination
of used cloth and plaster (1:20) without soil and one
with soil

— P5 bin group: crushed material using the combination
of old newspaper and plaster (1:5) without soil and one
with soil

Difference in the average was examined by one-way
ANOVA in the seed germination test, followed by Dunnett
correction for multiple comparisons.

Data handling and statistical analyses were carried out
using SPSS version 19.0 (SPSS Japan). The difference was
considered statistically significant for p < 0.05.

Results

Shape forming

Shape-forming experiment

The disposable bin using old newspaper easily bended and

cracked. The bin was sufficiently formed in 5 types of 8
samples shown in Table 1. They were 4 types of the used

cloth and 1 type of the old newspaper with plaster (1:5).
The dried production weighed around 1.5 kg (Fig. 4).

Strength and water absorption testing

The results of tensile-stress test are shown in Table 2.
Plaster (1:5) showed the lowest value (3.37-4.76 kg/cmz)
for tensile stress independent of using the used cloth or the
newspapers. Latex showed the highest value
(29.32-29.86 kg/cm?). The lowest of Cobb value (44 g/m?)
was obtained when the used cloth and latex were used
(Table 2). In contrast, plaster (1:5) showed the highest
value (1493 or 1310 g/m?) independent of using the used
cloth or the newspapers. The test using the old newspaper
and latex was unable to be done due to the serious bended
samples.

Toxicological testing
Best quality selection
The results were shown in Table 3. Total score of the

combination of used cloth and latex was highest (12.5
points). Three combinations were evaluated as “not pass”

Table 1 Result of shape-forming experiment

Removable supporter Binder (ratio) Appearance

Bending Cracking
Used cloth Plaster (1:5) No No
Used cloth Plaster (1:10) Moderate Moderate
Used cloth Plaster (1:20) Moderate Slight
Used cloth Latex (1:20) Slight Slight

Old newspaper Plaster (1:5) No No

Old newspaper Plaster (1:10) Great Great
Old newspaper Plaster (1:20) Great Great
Old newspaper Latex (1:20) Great Great

Fig. 4 Products (used cloth as the removable supporter and latex as
the binder) of the shape-forming experiment
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Table 2 Result of tensile-stress

Removable supporter ~ Binder (ratio)  Tensile stress Cobb value
test and Cobb test
(kg/cmz) Strength (g/m2) Water absorption
Used cloth Plaster (1:5) 3.37 (0.45) Weak 1493 Highly
Used cloth Plaster (1:10) 9.87 (2.94) Medium 644 Medium
Used cloth Plaster (1:20) 11.73 (0.65) Strong 250 Little
Used cloth Latex (1:20) 29.86 (2.74) Firmly strong 44 Hardly
Old newspaper Plaster (1:5) 4.76 (1.32) Weak 1310 Highly
Old newspaper Plaster (1:10) 5.18 (0.58) Weak 581 Medium
Figures show the average. Ones Old newspaper Plaster (1:20) 9.00 (3.57) Medium 149 Little
in parentheses show the Old newspaper Latex (1:220)  29.32 (10.80)  Firmly strong  — -
standard deviation
Table 3 Result of scoring test Removable Binder Appearance  Strength Water Economic cost Total
supporter (ratio) absorption Cost of Cost score
removable of
supporter  binder
Used cloth Plaster (1:5) 4 1 0 1 1 7
Used cloth Plaster (1:10) 1 2 1 1 1 6
Used cloth Plaster (1:20) 2 3 2 1 2 10
Used cloth Latex (1:20) 3 4 3 1 1.5 12.5
Old newspaper Plaster (1:5) 4 1 0 2 1 8
Old newspaper Plaster (1:10) 0 (not pass) 1 1 2 1 5 (not pass)
Old newspaper Plaster (1:20) 0 (not pass) 2 2 2 2 8 (not pass)
Old newspaper Latex (1:20) O (not pass) 4 - 2 1.5 — (not pass)

because of bending and cracking in the aspect of appear-
ance. Judging from the total score in four aspects, the
researchers selected three combinations for the toxicolog-
ical testing; (a) used cloth and latex (L bin), (b) used cloth
and plaster (1:20) (P20 bin), and (c) old newspaper and
plaster (1:5) (P5 bin).

Leaching test and seed germination test

Table 4 shows the results of total element analysis and
leaching test of three heavy metals. The results of leaching
test of three heavy metals were much lower than those of
total element analysis and lower than the standard of Pol-
lution Control Department in Thailand [16].

Average number of tomato at various time of observa-
tion is shown in Table 5. The number of tomato with sand
(control) reached its peak on the 10th day and then dropped
on the 15th day. On the 5th day, the number of tomato was
lower in the groups with pure material of the bin. It was
zero in the groups with pure material of L bin and P20 bin.
After the 10th day, however, the number of tomato
increased in all bin groups. On the 20th and 25th days, the
number of tomato was significantly higher in the groups
with P20 bin and PS5 bin than that in the control group.

@ Springer

With the soil on sand (control), the number of tomato was
19.0 on the 5th day, but showed no increase. On the 5th day,
the number of tomato in the bin groups with the soil corre-
sponded to that in the control group. After the 10th day, the
number of tomato increased in all bin groups with soil, but
the increase was not statistically significant. There was no
significant difference compared with the control group.

Discussions
Shape forming

It was possible to form the disposable bin from the sludge
cake. This may result from the short fibers in sludge cake in
the paper mill industry, because paper mill sludge cake is
also useful as fiber addictive for asphalt road pavement to
make its stability value to high [17].

Before using the sludge cake, cleaning was necessary to
remove oil, grease and the other impurities in it. This
corresponded to the report that production of paperboard
sometimes failed when impurities intruded the raw material
[18]. The cleaned sludge cake worked well in making the
disposable bin.
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Table 4 Results of total element analysis and leaching test of three heavy metals
Sample Lead (mg/L) Nickel (mg/L) Copper (mg/L)
TEA LT S TEA LT S TEA LT S
L bin 0.45 <0.001 0.05 1.49 0.008 0.05 1.02 0.004 1.00
P20 bin 0.58 <0.001 0.05 1.74 0.017 0.05 1.37 0.010 1.00
P5 bin 1.03 0.002 0.05 1.18 0.007 0.05 9.16 0.012 1.00
Figures in the TEA and LT columns show the average (n = 3)
TEA total element analysis, LT leaching test, S standard value from Pollution Control Department in Thailand [16]
Table 5 Average r'lumbeir of Sample no. Treatment Replication (seedling)
tomato plant at various time of
observation period 5th day 10th day 15th day 20th day 25th day
1 Sand (pure) 11.0 34.3% 16.0 8.7 9.7
2 L bin (pure) 0 11.7* 17.0%* 17.3%* 18.0%*
3 P20 bin (pure) 0 32.3% 28.0* 37.7%* 37.0%*
4 P5 bin (pure) 11.0 31.7% 36.0* 37.0% 34.7*
1:2% 1:3%## 1:3*
2 Wi a#
Figures show the average 13 14 14
(n=23) 5 Soil on sand 19.0 17.7 17.0 14.3 13.0
*p <0.05, ** p <0.01 6 L bin with soil 14.0 32.3 327 30.0 27.7
(compared with 5th day) 7 P20 bin with soil ~ 17.0 317 28.0 26.3 25.3
# Hith
p <0.05,™ p < 0.001 8 P5 bin with soil 14.0 273 27.0 28.7 28.0

(compared with 1: sand)

The researchers selected not only a circular-type, but also
arectangular-type plastic basket as the fixed mold. Using the
rectangular shape, the disposable bin easily deformed at the
corner. Noncircular flanges, such as rectangular frame, have
to resist frame bending moments perpendicular and paral-
leled to the axis [19]. In contrast, the circular shape of wall
can resist internal pressure equivalently. Thus, the circular
type is more suitable to the fixed mold.

The slurry of sludge cake did not stick to the fine wire
screen. Consequently, the removable supporter was replaced
by the used cloth or the old newspaper. The old newspaper was,
however, not suitable because the disposable bin used with it
was easily bended and cracked. Higher amount of water is
required for the proper degree of consistency of the plaster to
become plastic or moldable [20]. Thus, the used cloth is more
suitable because of rather impermeability to water.

Strength of the bin is one of the important properties for
the use and carrying garbage. Tensile strength indicates the
ability of bin to resist breaking under tension, which is
dependent on the bonding strength between fibers. A lot of
plaster leads the decreased proportion of short fibers in the
slurry of sludge cake and then the decreased tensile
strength of bin [21]. Although plaster (1:5) showed the

lowest value of the tensile stress, all bins seemed safe to
carry garbage in the industry judging from the values,
because the bin weighted around 1.5 kg.

Water resistance of the bin is also an important factor.
Water absorptiveness provides basic information on the
water resistance of bin. It was measured through direct
contact of water with the surface of bin using Cobb test
[22]. The lowest of Cobb value was obtained when the used
cloth and the latex were used. This material seems to
absorb least volume of water and then receive least effect
of water. In contrast, plaster (1:5) showed the highest value
independent of using the used cloth or the newspapers. This
means that these materials will absorb higher volume of
water and that the physical properties have the possibility
to easily change. This may result from that the solubility
and the porosity of gypsum plaster are high [23].

In case of using the latex (1:20), the results of tensile-
stress value were higher and the results of Cobb value were
lower than in case using the plaster (1:20). The latex seems
to bind the product stronger. Latex, compared with plaster,
has the possibility to increase the setting time and decrease
the values of flexural and compressive strength, and the
water requirement of plaster [20].
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Toxicological testing

Researchers selected three combinations. The L bin and the
P20 bin showed good strength, and little water absorption
(high water resistance). So, they can be used anywhere in
an industry such as industrial kitchen, toilet or canteen.
However, P5 bin showed the lowest tensile-stress value and
the highest Cobb value. Those who will use this material
should pay attention to the place to use it, although it is safe
to carry garbage.

Concentrations of toxicants, three heavy metals (lead,
nickel, and copper) were less than those reported earlier [3,
6]. The results of leaching test showed very small values of
these heavy metals in the leachate. The concentration of the
lead in the leachate corresponded to that in the bottled
drinking water in Japan [24]. Even if the rain would pen-
etrate to the bins, these heavy metals will little meld out
into the leachate. Although there is the possibility that
these heavy metals will accumulate in the leachate, the
heavy metal levels will not exceed the standard values.
Thus, adverse effects of the bin disposed into the landfill on
the groundwater or the infiltration will not occur.

The number of tomato in the groups with pure material of L
bin and P20 bin on the 5th day was significantly less than that
of control group. There is the possibility that the short fiber in
sludge cake prevents the absorption of nitrogen, phosphorus,
potassium, etc. [3], and that the used cloth and latex or plaster
delay seed germination. However, when the soil was mixed,
the number of tomato was corresponding to that in the control
group even in such groups. The effects of used cloth and latex
or plaster may not be so strong.

The number of tomato in the control group sand dropped
on the 15th day. On the 20th and 25th days, the number of
tomato in the groups with pure material of the bin was
significantly higher than that in the control group. There
was no significant effect of the crushed bins on the seed
germination when the soil was mixed with. These results
show that the crushed material of the bins may have the
better quality than the sand (pure), and its quality has the
possibility to correspond the soil for starting seed. Short
fiber materials in the paper mill sludge cake play an
important role for soil improvement [25]. The paper mill
sludge cake may improve the properties with supplying
both chemical materials as fertilizer or conditioners and
good aeration [6]. Thus, even if the bins would be disposed
into a landfill, not only no adverse effect but also better
effect on the plant in a landfill would be expected. Further
examination should be done to clarify whether tomato
would be eatable or not.

The disposable bin is possible to transport. When
researchers tried a preparatory test one time by putting
industrial garbage into the new recycled bin, a truck driver
accepted and easily dealt it without complaint. The other
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applications of the recycled bin are also considered, such as
a durian container or a plant container.

Possible limitations of the present study should be men-
tioned. The sample number was three in the Cobb test,
leaching test and seed germination test, although the number
of data of the tensile-stress test was twelve. In the results of
these tests, the researchers showed the average, but not
standard deviations. There are still some disadvantages; first,
because the sludge cake contains a lot of short fiber which
shrinks when temperature decreases, the bin becomes
reduced in size. Second, the recycled bin is handcrafted, so it
is difficult to get uniform shape. Uniformity of the shape
forming now requires more advanced technique.

In conclusion, sludge cake with hazardous materials,
disposed into the industrial landfill, could be one of the
sources of environmental and health problems. The new
disposable bin can be made of the cleaned sludge cake with
latex or plaster and white cloth or newspaper. It has good
strength, sufficient water resistance, economic cost-benefits
and no effect on the environment. This recycled bin has the
possibility to solve the environmental and health problems
at disposing the sludge cake.
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