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Abstract

With the increasing wastewater generation from domestic and industrial activities due to the rapid economic
development, the generation of sludge, in particular dredged sludge from municipal sewer system, has been an
issue in developing countries. This study evaluated the enhancement of sewer’s sludge dewatering via mixing
the sludge with different agro-wastes, including corn core powder, rice husk powder, bagasse powder and peanut
shell powder. The addition of these agro-waste powders helped decrease the sludge’s moisture contents up to
17% while increase the organic matters nearly to 40% after mixing with the ratio of agro-wastes and sludge
of 1:3. Statistical analysis revealed the impacts of both additive types and mixing ratio on moisture content
reduction. Among the four types of agro-waste, rice husk was shown to be the best additive to dredged sludges
with highest reduction of heavy metal concentration and moisture content. The addition of agro-waste powders
to enhance the dewatering of sludges is promising in the context of promoting waste reuse and energy saving.
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1. Introduction
One of the big still challenges for developing countries is wastewater and sludge treatment. In

most of the countries applying separate drainage and sewerage system, sludge from the sewers is min-
imal. However, for the combined sewage systems, the sludge or some other papers called “sediment”
accumulated within the sewers is relatively significant [1]. For example, with 3360 km2 area and
8.05 million inhabitants in 2019, Hanoi city (Vietnam) generated approximately 186 thousand tons of
the total wet dredged sludge from its combined sewers [2]. In general, the sludge cannot be treated
by a single process but a combination of processes to address various contaminant problems [3–5]
and the same requirement occurs with dredged sludge from sewers. It involves pretreatment (physical
screening and dewatering) and operational treatment (bioremediation, chemical treatment, extraction,
thermal treatment) like sewage sludge in the wastewater treatment plants (WWTPs) [6]. In fact, the
dredged sludge from sewers is more like the primary sludge in WWTPs. In developing countries,
most of the sludge from WWTPs is dried by natural method (i.e., drying beds) or mechanical method
(i.e., sludge compression machines) before landfilling. However, there has been no proper treatment
for dredged sludges from combined sewers which was only collected and dumped in a contained site.
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Recently, the dredged sludge from sewers was strongly promoted and encouraged to reuse for differ-
ent purposes including construction materials (i.e., aggregates, cements, calcined and non-calcined
bricks) and fertilizers. Several sludge-reuse projects have been implemented in the past ten years in
Vietnam with an attempt of transferring sludges to construction materials [7].

Sludge dewatering is one of critical steps in sludge treatment as it reduces significant water from
the mixed sludge which creates favorable conditions for next sludge treatment process. Studies on
dewatering enhancement have been done a few and mostly with sewage sludges from WWTPs; such
as using chemicals [8–11], electrochemical Fenton [12–14], thermal treatment [15] or combination of
hydrothermal treatment and FeSO4/ Ca(ClO)2 oxidation [16]. Addition of agro-wastes for dewatering
enhancement has also been paid much attention from researchers within the past decade [10, 17, 18].
The reuse of agro-waste approach is considered attractive as it is environmentally friendly, energy
saving and has been promoted tremendously recently [19, 20]. Indeed, the waste-blended sludge can
be reused as great potential materials for composting, or post-treatment by incineration. It was found
that several carbonaceous materials from agro-wastes, acting as skeleton builders and providing water
passages, have enhanced sludge dewaterability and cake properties [21]. In another study, different
doses of walnut shell (0, 50, 100, 200, 400, and 600 mg/g dry sludge) were added into sewage sludge
samples conditioned with Ca(ClO)2 and ferric coagulant to evaluate the dewatering enhancement.
The combination of all had reduced the moisture content from 90.8% to 78.6% compared with the
raw sludge [10]. Guo et al. (2019) recently tried waste corn core powder, that was pretreated with
2M NaOH and 0.16M cationic surfactant cetyltrimethylammonium bromide (CTMAB), for sludge
dewatering. They found more organic matters were released into supernatant, and more bound water
turned into free water phase, thus enhancing sludge dewatering [18]. It can be seen that physical
conditioners, that are rich in hemicelluloses, lignin and other hemicelluloses, are often modified with
chemicals such as alkaline solutions. Alkaline hydrolyzation was proved to breakdown the lignin
structure, and increase the internal surface area [22]. The alkaline hydrolysis was also believed to have
impact on intermolecular linkage between xylem hemicelluloses and lignin or other hemicelluloses. In
particular, the NaOH treatment of ligno-cellulosic material caused swelling, leading to an increase of
internal surface area, and separation of structural linkages between lignin and carbohydrates [22].
Since agro-wastes such as rice husk, rice straw, peanut shell, corn cob, etc., normally have high
percentages of hemicelluloses (20-40%), lignin (10-20%), and carbohydrates components [20, 23–
25], the preconditioning of the agro-waste additives is a critical step. In addition, the agro-waste
generation in Vietnam was significant, i.e., over 156.8 million tons, including 88.9 million tons of
crops residues and product processing (accounting for 56.7%) according to the General Statistics
Office of Vietnam in 2020 [26]. Nevertheless, the reuse of agro-waste in treating sludge from urban
drainage system has been very limited, more in wastewater treatment [27–29]. In Vietnam, food waste
(not agro-wastes) was more common to reuse to mix with sludge from wastewater treatment plant for
composting purpose.

Review from the literature has showed that most of the studies were conducted with sewage sludge
from WWTPs [4, 5, 8, 11]. Only a few was done with dredged sludge from sewers (or sewer sediments)
[1, 7] or river sediment [30]. Comparison with sewage sludge from WWTPs, the dredged sludge
from sewers contains much less organic matters and more impurities (i.e., sand, trash, etc.); thus, the
dewatering process shall be different to a certain extent. Additionally, each previous study focused on
one type of agro-wastes. Thus, this is the first time, all four types of agro-wastes such as corn core
powder, rice husk powder, sugarcane bagasse powder and peanut shell powder shall be assessed as
additives to blend with dredged sludge for dewaterability enhancement. Understanding of the impact
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of agro-wastes on the moisture content and heavy metal reduction shall be rendered as one of the
highlight results of this study and for further reuse in brick production.

2. Materials and Methods
2.1. Sludge for testing

The sampling sludges were taken from Yen So Sludge dumping site (Hanoi city, Vietnam). It
was mostly sewer sediment from Hanoi sewer and drainage system. The sludges were screened using
2.5-mm sieves to remove gravels, debris, grits, leaves or cloths before being stored at 4 °C for use.
Prior to the test, they were analyzed in terms of physical (moisture content-MC, pH, composition) and
chemical (heavy metals, thermal energy, organic matters, etc.) characteristics. Sludge samples after
dewatering were sent for Scanning Electron Microscope (SEM). The SEM was implemented using
the Tabletop Microscope (TM4000plus, Hitachi, Japan) while The total organic matters of sludge
samples (thickened sludge) were analyzed using method for soil analysis employing K2Cr2O7 solution
(national standard TCVN 7376:2004).

2.2. Preparation of agro-waste additives

Four types of agro-wastes (corn core, rice husk, sugarcane bagasse and peanut shell) were col-
lected dry and ground to a size of 100 mesh (i.e., 150 µm). To increase the hydrophilicity of the
additives, they were hydrolyzed by soaking individually in 2M NaOH solution > 98% purity (CAS:
1310-73-2, Sigma Aldrich) for 60 min at room temperature, then washed with distilled water until free
of foams and put in the oven at 105 °C until completely dry. After that, they were sieved to particle
size diameters < 150 µm. Finally, they were stored in sealed bottles and named as CCP, RHP, SBP,
and PSP for corn core, rice husk, sugarcane bagasse and peanut shell powders, respectively.

2.3. Sludge dewatering test

Figure 1. Dewatering procedure in the lab

As mentioned above, the testing sludges were those settled for some time at the Yen So dumping
site, so the sludges were slightly thickened. The sludges, after screened, were mixed with individual
additives with the additive - sludge ratio of 1:3; 1:5 and 1:7 by weight. Each sample was 100 grams
in total. The sludge and additive were mixed for 15 min at 100 rpm. After that, the mixture was com-
pressed by hydraulic compression machine (60T, 267/56/21, Leipzig, Germany) with the compression
load of 400 kG. The compression time was 15 min for each sample. The selection of dewatering test’s
conditions was referred from previous studies with some modification to fit with the dredged sludges
[10, 18]. All the tests were conducted in duplicate. The whole process was presented in Fig. 1.
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3. Result and Discussion
3.1. Characteristics of testing sludges

The characteristics of testing sludges were given in Table 1. The moisture content was relatively
low as 45.5% as they were settled for some time at the dumping site. Initially, its moisture content
could be up to 98% when they were dredged and pumped from the sewers into the trucks. They
have neutral pH condition as the sewers received mostly domestic wastewater, rainwater and maybe
some treated industrial wastewater. Notably, the sand accounts for majority in the composition (cor-
responding with highest SiO2 percentage ∼ 72.8%) in the dredged sludge from sewers (DSS), while
SiO2 concentration was less than 10% in sewage sludge [3]. It makes sense as the combined system
receives lots of runoff water from the road surface during the rain. With this high inorganic composi-
tion, it is more logical to reuse the dredged sludges for the production of construction materials than
for composting purpose.

Table 1. Characteristic of testing sludges

No Parameters Unit Dredged sludge from sewers (DSS) QCVN 43:2017/BTNMT

1 Moisture content % 45.5 -
2 pH - 7.26 -
3 Compositions -
4 - Sand % 70.4 -

- Limon % 21.9 -
- Clay % 7.7 -
Al2O3 % 7.97 -

5 Fe2O3 % 5.64 -
6 SiO2 % 72.86 -
7 CaO % 6.86 -
8 MgO % 2.65 -
9 Cl– % 0.27 -
10 SO4

2 – % 1.07 -
11 Cu mg/kg 72.86 197
12 As mg/kg 50.8 17
13 Zn mg/kg 1640.8 315
14 Cr mg/kg 160.5 90
15 Cd mg/kg < 2 3.5
16 Pb mg/kg 108.5 91.3
17 Total organic matters % 12.3 -
18 Heat value kCal/kg 1250 -

QCVN 43:2017/BTNMT: National technical regulation on sediment quality.

Furthermore, the sewer sediment was contaminated with heavy metals such as Zn, Cr, As and
Pb. This could be due to the discharge of improperly-treated industrial wastewater into the sewers.
In terms of organic matters, DSS had shown a low concentration of 12.3%. This proved clearly the
contrary characteristics of dredged sludge from sewers versus sewage sludge from WWTP. The one
from WWTP normally contains higher organic matters (i.e., 20-60%) [31] while the inorganic matters
are limited.

3.2. Effect of additive blending on dewaterability

Fig. 2 presents the effect of additive types and additive-sludge mixing ratio on the reduction of
moisture contents of the testing sludges.
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(a) Before compression

(b) After compression

Figure 2. Moisture contents of testing DSS with additives
(DSS: Dredged sludge from sewers; CCP: corn core powder, RHP: rice husk powder,

SBP: sugarcane bagasse powder, and PSP: peanut shell powders)

It is clearly seen from Fig. 2 that the blending with additives had substantial impacts on dewater-
ing of DSS. The moisture contents (MC) reduced up to 17% and mostly noticeable with corn core
powders, followed by rice husk powder (Fig. 2(a)). This result was similar to the findings of previous
studies [17, 18] even though they used sewage sludges from wastewater treatment plants. Their pre-
vious studies also observed a decrease of about 10%-15% in MC when mixing with these kinds of
agro-wastes. The explanation was partly due to particle charge attraction. Normally, sludge particles
were negatively charged, which exhibited mutual repulsion, resulted in a negatively charged stable
colloid dispersoid. After mixing with NaOH-modified additives, which were positively charged, the
additives could play a role of electric neutralization and release of bound water from the dispersoid
[18]. They also found that during the reaction process between sludge particles and modified corn
core powder, more bound water turned into free water phase, thus enhancing sludge dewatering.
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When discussing about the impacts of these additives to sludge dewatering, some research men-
tioned about their skeleton building ability. Wallnut shell, as an example, was revealed to be a skeleton
builder that formed the rigid skeleton and further increased the deep dewatering of the sludge [10]. As
explained previously, the selected additives have all rich in hemicelluloses, cellulose and lignin. For
instance, rice husk contains 40% cellulose, 30% lignin, and 20% silica [32], peanut shell has 35.7%
cellulose, 30.2% lignin, 18.7% hemicelluloses, and 5.9% ash content while the main components of
sugarcane bagasse are cellulose (46.0%), hemicellulose (24.5%), lignin (20.0%) [20], and there are
26.5% cellulose, 13.6% lignin and other compounds in corn core [33]. Upon NaOH pretreatment,
lignin and hemicelluloses were partly removed, the cellulose content and sample porosity was in-
creased, which was instrumental for the hydrolysis of the additives [34]. Thus, when mixing with the
sludges, the additives can absorb water molecules from the dredged sludges more easily.

In comparison of sludges’ moisture contents before and after compression, it was revealed that
only minimal changes of MC were observed (Fig. 2(b)). This can be expected for sludge samples with
high silicate component and low organic matters. In general, sludges with high organic matters tend
to hold higher water content and will be more impacted with compression [35]. With the purpose of
reducing moisture as much as possible to meet the requirement for reuse as construction bricks, it
can be initially concluded that the rice husk with ratio of 1:5 was the best additive for dredged sludge
from sewers, i.e., MC decreasing from 45.5±4.1% to 33.9±1.5% after mixing and to 22.7±0.6% after
compression.

Regarding to the influence of mixing ratio, there was no obvious impact of the additives on MC,
except for rice husk powder (Fig. 2(a)). After compression, the additive blending showed even less
influence. While the rice husk powder mixture performed the best at 1:5, the remaining (corn core,
sugarcane bagasse and peanut shell) mixtures all worked best with ratio of 1:7. Previous study with
sewage sludge mixing with rice husk additive revealed that increasing dosages of rice husk from 50,
100, 200, and 300 mg/g led to the reduction of moisture content from 72.9% to 63.4% [36]. One thing
can be concluded that for the dredged sludge from sewers, the agro-waste additives help enhance the
dewatering to certain extent, however, the enhancement efficiency is not necessarily proportional to
the added quantity.

3.3. Effect of additive blending on organic matters

Organic matters were considered in this study as it relates to the potential application for calcined
bricks, the sequential target of this research. Should the dredged sludges be reused for materials for
calcined bricks, the organic matters as well as the thermal energy/heating values must be put in con-
sideration. It was claimed that the high content of organic matter in raw sludge caused a decrease
in mechanical strength and delay in hydration process [37]. However, sludge with high content of
organic matters can be considered potential fuel with its high calorific value [38], which would be
valued during the incineration for producing calcined bricks.

It is worth noting that the testing sludges were dredged sludges from the combined drainage
system, thus, they had some organic matters but at low level (about 12%). The additives employed
to enhance the sludge dewatering in this study (corn core, rice husk, sugarcane bagasse and peanut
shell) were agro-wastes that are rich in organic matters. As a result, possibly higher organic matters
would be expected for the samples [18]. Nevertheless, it was shown in Fig. 3 that the high mixing ratio
of 1:3 for additive and sludge would produce significant change in organic content (from 12±0.2%
to 39±1.8% after mixing with sugarcane bagasse powder or to 35±6% after mixing with corn core
powder). Lower mixing ratio of 1:5 or 1:7 produces no increase in organic content in most cases.
A trend of decrease in the organic content was observed when reducing the mixing ratio from 1:3,
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1:5 and 1:7. In particular for the case of rice husk additive, the organic matters were about 10%,
20% and 30% for the mixing ratio with additives of 1:7; 1:5 and 1:3, respectively. indicated that the
addition of walnut shell biomass significantly promoted the mixed fuel combustion characteristics
[10]. Although the presence of organic matters help enhance the combustion capability, they may
lead to more µm-scale pores and large macro defects on the surface of brick. Despite these defects,
the properties of all brick samples such as compressive strength, water absorption and freeze-thawing
resistance still met the standard requirement of brick products [39]. Somehow, the porous and lighter
bricks are indeed the development trend of construction bricks nowadays, to impose less impact on
the building foundation.

Figure 3. Organic matters in the dredged sludges with and without additives
(DSS: Dredged sludge from sewers; CCP: corn core powder, RHP: rice husk powder,

SBP: sugarcane bagasse powder, and PSP: peanut shell powders)

3.4. Effect of additive blending on other physical and chemical characteristics

Selected DSS samples (good performance in MC reduction) were sent for physical and chemical
examination. This was to evaluate the impact of additives on the sludge characteristics as materials
for brick production.

The changes in physical and chemical characteristics can be seen clearly in Table 2. In terms of
oxide components, most of them decreased in concentration (%), except for SiO2. The same trend was
observed for the case of heave metals, except for Sr and Cr. Certainly, the decrease varied with differ-
ent additives. The decreasing trend can be explained in a way that as the additives are mostly organic
matters, the inorganic concentrations were reduced within the same volume of samples. This would
be better in case the sludge was contaminated with heavy metals. For instance, it helped reduce heavy
metal concentrations up to 70%, 58% and 42% for the cases of Zn, Pb and Cu, respectively. It is in-
teresting that the sludge samples blended with rice husk powder (ratio of 1:5) showed consistently the
lowest concentration of heavy metals compared with the remaining additives. With the same blending
ratio of 1:7, the rice husk and peanut shell powders proved to have more impact than the baggage and
corn core powders in term of heavy metals reduction. In addition, the sludge samples blended with
rice husk powder (ratio of 1:5) also had the highest moisture reduction (17%) when comparing the
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Table 2. Physical and chemical characteristics of samples

No Index Unit M1 M2 M3 M4 M5 M6 Standard

1 Al2O3 % 7.97 4.58 4.25 4.2 4.18 4.17 -
2 CaO % 6.86 7.23 6.78 6.58 6.47 6.66 -
3 Fe2O3 % 5.64 2.74 2.97 2.89 2.84 2.9 -
4 K2O % 1.95 3.33 2.91 1.92 1.88 2.72 -
5 MgO % 2.65 1.24 1.2 1.07 1.02 1.39 -
6 MnO % 0.14 0.04 0.04 0.04 0.04 0.04 -
7 P2O5 % 1.25 0.87 0.82 0.8 0.93 0.95 -
8 TiO2 % 0.68 0.38 0.35 0.2 0.29 0.42 -
9 SiO2 % 72.86 79.59 80.68 82.3 82.35 80.75 -
10 Ag mg/Kg < 2 < 2 < 2 < 2 < 2 < 2 -
11 As mg/Kg 50.8 31.2 34 33.5 32.8 35.1 17
12 B mg/Kg 62.4 25.2 30 31.1 30.3 40.8 -
13 Ba mg/Kg 650.5 328 370.5 374.2 369.7 430.9 -
14 Be mg/Kg < 5 < 5 < 5 < 5 < 5 < 5 -
15 Bi mg/Kg < 10 < 10 < 10 < 10 < 10 < 10 -
16 Cd mg/Kg < 2 < 2 < 2 < 2 < 2 < 2 3.5
17 Ce mg/Kg 65.7 35.7 44.4 45.8 44.7 48.2 -
18 Co mg/Kg 120.8 18.5 22.1 23.2 22.9 32.5 -
19 Cr mg/Kg 160.5 140.8 171.1 175.2 171.6 180.1 90
20 Cu mg/Kg 168.2 70.6 83.7 85.7 84.3 90.8 197
21 Ga mg/Kg < 10 < 10 < 10 < 10 < 10 < 10 -
22 Ge mg/Kg < 20 < 20 < 20 < 20 < 20 < 20 -
23 La mg/Kg 40.4 17.2 23.2 24.3 22.8 27.4 -
24 Li mg/Kg 52.1 23.4 29 29.8 28 32.7 -
25 Mo mg/Kg < 5 < 5 < 5 < 5 < 5 < 5 -
26 Nb mg/Kg 13.5 5.5 6.2 6.4 6.1 6.5 -
27 Ni mg/Kg 78.2 60.1 73.4 75 72.7 75.1 -
28 Pb mg/Kg 108.5 62.4 80.1 82.4 80.6 83.8 91.3
29 Sb mg/Kg 23.1 14.5 18.1 19.2 18.8 19.2 -
30 Sc mg/Kg 8.5 6.2 6.9 7.1 6.8 7.2 -
31 Sn mg/Kg < 10 < 10 < 10 < 10 < 10 < 10 -
32 Sr mg/Kg 165.2 155.8 210 214.2 210.5 215.2 -
33 Ta mg/Kg < 10 < 10 < 10 < 10 < 10 < 10 -
34 V mg/Kg 88.8 48.9 61.8 62.8 60.6 63.6 -
35 W mg/Kg 50.3 30.7 39.2 41 40.3 40.8 -
36 Y mg/Kg 25.7 9.4 12.5 13.2 12.7 13.4 -
37 Zn mg/Kg 1640.8 485.6 630.6 635.7 630 650.1 315

Note: M1: raw DSS; M2: DSS+RHP (1:5); M3: DSS+RHP (1:7); M4: DSS+CCP (1:7); M5: DSS+PSP (1:7);
M6: DSS+SBP (1:7); Standard: QCVN 43:2017/BTNMT – National technical regulation in sediment quality;
“-”: Not applicable.

MC of raw sludge and mixed sludge after compression. Further looking at the composition of rice
husk mixed sample, it was found that this sample had the highest content of Al2O3 and CaO, which
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have high potential of water absorption.
In comparison with the national standard for sediment quality, the presence of heavy metals was

still higher than the accepted values mostly. Nevertheless, if the modified DSS is reused for making
calcined brick, it is recommended to mix maximum 30% by weight of DSS with clay [7]. Thus, the
heavy metals would be three times less in concentration in the final brick products, which means their
presence in the bricks would be in acceptable range and cause no harm to the environment and human
being.

3.5. SEM results of blended sludges

As mentioned above, selected sludge samples (good performance in MC reduction) were sent for
SEM examination to see the impact of additives on dewatering.

Figure 4. SEM images (magnification of 1000X) of raw and additive-blended dredged sludge from sewers
(1:7 mixture ratio). DSS: Dredged sludge from sewers, CCP: Corn core powder, RHP: Rice husk powder,

SBP: Sugarcane bagasse powder, PSP: Peanut shell powder

It can be seen from Fig. 4 that with the same magnification of 1000 times, the surface morphol-
ogy of sludges before and after treatment was completely different. The additives seemed to bind
the sludge and make many big aggregates, leaving more pores on the surface. The pores showed
clearest for the case of sludge blended with sugarcane bagasse powder, followed by the ones blended
with peanut shell powder and corn core powder. The surface of raw sludge was smoother with tiny
particles. It was similar to the findings of Guo et al. (2019) and Xiong et al. (2018) [18, 40]. They
observed small particles in the raw sludge and those tiny sludge particles became large flocs through
re-agglomerate, leaving porous and rough surface with macro pores and voids in the treated sludge.
The tiny particles were probably inorganic debris while the big agglomerates were mostly due to or-
ganic agro-waste additives [18]. Even though these agro-wastes were claimed to be skeleton builders
and made the sludge more porous after mixing, only in this study, they can be seen clearly different
performances under the same condition. Although they explained the porous surface formed channels
for the outflow of the bound water from sludge, we suggested another possible mechanism, i.e. water
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absorption ability. Apparently that the additives have absorbed water which made the sludge drier.
Bound water from the sludge solids was broken and absorbed by the additives, then released faster
after compression.

3.6. Statistical analysis
This section analyzed the impact of both types of additives (corn core, rice husk, peanut shell, and

sugarcane bagasse) and the mixing ratio of sludge and additives (1:3, 1:5, and 1:7) in the reduction of
moisture contents (MC) after mixing and after compression. The two-way ANOVA from the software
StatPlus: mac LE v7.3.31 (AnalystSoft Inc., USA) was employed for this purpose. Table 3 presents
the analytical results of two-way ANOVA.

Table 3. Two-way ANOVA results (p-value, n = 26) showing the impact on MC by different additives
and mixing ratios

After mixing After compression

General interaction

Type of additives (A) 0.00003 0.00853
Mixing ratio (B) 0.26849 0.04167

A x B 0.0044 0.01323

Detailed interaction according to the Tukey-Kramer method

Type of additives (A) Mixing ratio (B)
Sugarcane bagasse (1) vs. (2) 0.14379 0.07988

(1) vs. (3) 0.95277 0.73252
(2) vs. (3) 0.22817 0.02087

Peanut shell (1) vs. (2) 0.82725 0.99931
(1) vs. (3) 0.06475 0.57401
(2) vs. (3) 0.02277 0.59637

Corn core (1) vs. (2) 0.45141 0.69127
(1) vs. (3) 0.06844 0.00669
(2) vs. (3) 0.45141 0.02952

Rice husk (1) vs. (2) 0.04961 0.01427
(1) vs. (3) 0.00255 0.92317
(2) vs. (3) 0.25190 0.02827

Note: Mixing ratio 1:3 (1); 1:5 (2) and 1:7 (3), p < 0.05: significant impact.

It was clearly shown in Table 3 that each factor had a significant impact on the MC either after
mixing or after compression. The impact was shown the most for each additive with rice husk powder
(p < 0.05). Specifically, different mixing ratios of rice husk with DSS would lead to a substantial
reduction in MC, which confirms in Fig. 2(a) above.

4. Conclusion
It is the first time dredged sludge from sewers was evaluated in term of dewaterability upon mix-

ing with four different agro-wastes, including rice husk, corn core, sugarcane bagasse and peanut
shell. Three mixing ratios of 1:3, 1:5 and 1:7 were tried and it was found that the mixing ratio was
statistically significant for the case of adding rice husk powders with MC decreasing from 45.5±4.1%
to 33.9±1.5% after mixing and to 22.7±0.6% after compression. For the others, there was no pro-
portional correlation between mixing ratio and the reduction of moisture content or heavy metal
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concentrations. The incorporation of these agro-waste additives also increased the organic matters in
the sludge up to 40%. With the low cost in enhancing dewaterability and heavy metal reduction of
the sludge, these agro-wastes, in particular rice husks, were proved to be a promising raw material for
reuse as construction materials in the context of sustainable environmental protection.

Acknowledgement
The authors would like to express high acknowledgement to Science and Technology Program:

Environment and Resources (Research project Grant No 01C-09/-2019-3) from Hanoi Department of
Science and Technology. We also kindly thank Hanoi Sewerage and Drainage Limited Company for
sludge sampling during the project.

References
[1] Jiménez, B., Méndez, J., Barrios, J., Salgado, G., Sheinbaum, C. (2004). Characterization and evaluation

of potential reuse options for wastewater sludge and combined sewer system sediments in Mexico. Water
Science and Technology, 49(10):171–178.

[2] Hanoi Drainage and Sewerage Company (2019). HSDC - Annual Production report. (in Vietnamese).
[3] Palermo, M., Hays, D. F. (2013). Sediment Dredging, Treatment and Disposal. In SERDP/ESTCP Envi-

ronmental Remediation Technology, Springer New York, 365–391.
[4] Zhang, H., Yang, J., Yu, W., Luo, S., Peng, L., Shen, X., Shi, Y., Zhang, S., Song, J., Ye, N., Li, Y.,

Yang, C., Liang, S. (2014). Mechanism of red mud combined with Fenton's reagent in sewage sludge
conditioning. Water Research, 59:239–247.

[5] Zhang, L., Xu, C. C., Champagne, P., Mabee, W. (2014). Overview of current biological and thermo-
chemical treatment technologies for sustainable sludge management. Waste Management & Research:
The Journal for a Sustainable Circular Economy, 32(7):586–600.

[6] USEPA. Contaminated Sediment Remediation Guidance for Hazardous Waste Sites. OSWER 9355.0-
85.USEPA Office of Solid Waste and Emergency Response, Washington, DC, USA.

[7] Hoang, V. L., Nguyen, D. B. (2017). Study on utilization of urban canal sediment to produce fired bricks.
Journal of Construction, 5:38–42. (in Vietnamese).

[8] Guo, J., Du, J., Chen, P., Tan, X., Huang, X., Gan, P., Fu, L. (2016). Enhanced efficiencies of sludge
dewatering and domestic wastewater treatment by using the bioflocculant from rice stover. Water and
Environment Journal, 31(1):120–126.

[9] Dai, Q., Ren, N., Ma, L., Ning, P., Qu, G., Guo, Z., Xie, L. (2018). Research on dewaterability and
properties of sewage sludge under modified phosphogypsum and acetic acid pretreatments. Bioresource
Technology, 264:268–276.

[10] Liang, J., Huang, J., Zhang, S., Yang, X., Huang, S., Zheng, L., Ye, M., Sun, S. (2019). A highly efficient
conditioning process to improve sludge dewaterability by combining calcium hypochlorite oxidation, fer-
ric coagulant re-flocculation, and walnut shell skeleton construction. Chemical Engineering Journal,
361:1462–1478.

[11] Rashvanlou, R. B., Pasalari, H., Moserzadeh, A. A., Farzadkia, M. (2020). A combined ultrasonic and
chemical conditioning process for upgrading the sludge dewaterability. International Journal of Environ-
mental Analytical Chemistry, 102(7):1613–1626.

[12] Liang, J., Huang, S., Dai, Y., Li, L., Sun, S. (2015). Dewaterability of five sewage sludges in Guangzhou
conditioned with Fenton's reagent/lime and pilot-scale experiments using ultrahigh pressure filtration
system. Water Research, 84:243–254.

[13] Cai, M., Wang, Q., Wells, G., Dionysiou, D. D., Song, Z., Jin, M., Hu, J., Ho, S.-H., Xiao, R., Wei, Z.
(2019). Improving dewaterability and filterability of waste activated sludge by electrochemical Fenton
pretreatment. Chemical Engineering Journal, 362:525–536.

[14] Tao, S., Yang, J., Hou, H., Liang, S., Xiao, K., Qiu, J., Hu, J., Liu, B., Yu, W., Deng, H. (2019). Enhanced
sludge dewatering via homogeneous and heterogeneous Fenton reactions initiated by Fe-rich biochar de-
rived from sludge. Chemical Engineering Journal, 372:966–977.

80

https://doi.org/10.2166/wst.2004.0636
https://doi.org/10.2166/wst.2004.0636
https://doi.org/10.1007/978-1-4614-6726-7_13
https://doi.org/10.1016/j.watres.2014.04.026
https://doi.org/10.1016/j.watres.2014.04.026
https://doi.org/10.1177/0734242x14538303
https://doi.org/10.1177/0734242x14538303
http://www.epa.gov/superfund/health/conmedia/sediment/guidance.htm
https://doi.org/10.1111/wej.12221
https://doi.org/10.1111/wej.12221
https://doi.org/10.1016/j.biortech.2018.05.078
https://doi.org/10.1016/j.biortech.2018.05.078
https://doi.org/10.1016/j.cej.2018.10.143
https://doi.org/10.1016/j.cej.2018.10.143
https://doi.org/10.1016/j.cej.2018.10.143
https://doi.org/10.1080/03067319.2020.1739668
https://doi.org/10.1080/03067319.2020.1739668
https://doi.org/10.1016/j.watres.2015.07.041
https://doi.org/10.1016/j.watres.2015.07.041
https://doi.org/10.1016/j.watres.2015.07.041
https://doi.org/10.1016/j.cej.2019.01.047
https://doi.org/10.1016/j.cej.2019.01.047
https://doi.org/10.1016/j.cej.2019.05.002
https://doi.org/10.1016/j.cej.2019.05.002
https://doi.org/10.1016/j.cej.2019.05.002


Huan, N. X., et al. / Journal of Science and Technology in Civil Engineering

[15] Schnell, M., Horst, T., Quicker, P. (2020). Thermal treatment of sewage sludge in Germany: A review.
Journal of Environmental Management, 263:110367.

[16] Chen, D., Dou, Y., Tang, Q., Huang, Y., Song, M., Zhou, J., Fu, L. (2020). New insight on the combined
effects of hydrothermal treatment and FeSO4/Ca(ClO)2 oxidation for sludge dewaterability improvement:
From experimental to theoretical investigation. Fuel Processing Technology, 197:106196.

[17] Wójcik, M. (2020). Investigation of filtration properties and microbiological characteristics of sewage
sludge after physical conditioning with the use of ground walnut shells. Powder Technology, 361:491–
498.

[18] Guo, Z., Ma, L., Dai, Q., Yang, J., Ao, R., Wang, L. (2019). Dewatering performance of sewage sludge
under pretreatment with modified corn-core powder. Science of The Total Environment, 684:402–412.

[19] Dang, H. T. T., Dinh, C. V., Nguyen, K. M., Tran, N. T. H., Pham, T. T., Narbaitz, R. M. (2020). Loofah
Sponges as Bio-Carriers in a Pilot-Scale Integrated Fixed-Film Activated Sludge System for Municipal
Wastewater Treatment. Sustainability, 12(11):4758.

[20] Cuong, T. T., Le, H. A., Khai, N. M., Hung, P. A., Linh, L. T., Thanh, N. V., Tri, N. D., Huan, N. X.
(2021). Renewable energy from biomass surplus resource: potential of power generation from rice straw
in Vietnam. Scientific Reports, 11(1).

[21] Ramachandra, R. H., Devatha, C. P. (2020). Experimental investigation on sludge dewatering using gran-
ulated blast furnace slag as skeleton material. Environmental Science and Pollution Research, 27(11):
11870–11881.

[22] Soccol, C. R., Faraco, V., Karp, S. G., Vandenberghe, L. P. S., Thomaz-Soccol, V., Woiciechowski, A. L.,
Pandey, A. (2019). Lignocellulosic Bioethanol: Current Status and Future Perspectives. In Biofuels:
Alternative Feedstocks and Conversion Processes for the Production of Liquid and Gaseous Biofuels,
Elsevier, 331–354.

[23] Zaaba, N. F., Ismail, H., Jaafar, M. (2016). Recycled Polypropylene/Peanut Shell Powder Composites:
Pre-Treatment of Lignin Using Alkaline Peroxide. BioResources, 11(2).

[24] Ma, L., Du, L., Cui, Y., Song, P., Jiang, F., Ma, Q., Xiao, D. (2016). Isolation and structural analysis of
hemicellulose from corncobs after a delignification pretreatment. Analytical Methods, 8(41):7500–7506.

[25] Ma’ruf, A., Pramudono, B., Aryanti, N. (2017). Lignin isolation process from rice husk by alkaline
hydrogen peroxide: Lignin and silica extracted. In AIP Conference Proceedings, Author(s).

[26] Baochinhphu website (2021). Agricultural by-products: Resources are being wasted. Visited on October
09, 2021.

[27] Toan, T. Q., Ngan, T. K., Huong, D. T., Le, P.-A., Thuy, N. T., Huy, N. N., Thanh, D. V., Khai, N. M., Mai,
N. T. (2023). Green and Facile Synthesis of Porous SiO2@C Adsorbents from Rice Husk: Preparation,
Characterization, and Their Application in Removal of Reactive Red 120 in Aqueous Solution. ACS
Omega, 8(11):9904–9918.

[28] Nguyen, M. K., Hoang, M. T., Pham, T. T., der Bruggen, B. V. (2019). Performance Comparison of Chem-
ically Modified Sugarcane Bagasse for Removing Cd(II) in Water Environment. Journal of Renewable
Materials, 7(5):415–428.

[29] Hoang, M. T., Pham, T. D., Pham, T. T., Nguyen, M. K., Nu, D. T. T., Nguyen, T. H., Bartling, S., der
Bruggen, B. V. (2020). Esterification of sugarcane bagasse by citric acid for Pb2+ adsorption: effect of
different chemical pretreatment methods. Environmental Science and Pollution Research, 28(10):11869–
11881.

[30] Nguyen, N. H., Nguyen, X. H., Tran, H. Q., Vu, K. H. (2021). Utilization of Nhue river’s waste sludge to
produce red bricks by semi-dry pressing method. Journal of Science and Technology in Civil Engineering,
15(6V):12–22.

[31] M., B., G., S. (2018). Characterization of composted sewage sludge during the maturation process: a pilot
scale study. Environmental Science and Pollution Research, 25(34):34332–34342.

[32] Chindaprasirt, P., Cao, T. (2015). The properties and durability of high-pozzolanic industrial by-products
content concrete masonry blocks. In Eco-Efficient Masonry Bricks and Blocks, Elsevier, 191–214.

[33] Xiaofen, W. U., Chen, L., Hui, Q. I., Deng, M., Guo, D., Wang, K. (2018). Effect of cobalt-60 gamma-ray
irradiation on separation of components from corncob by formic acid. Journal of Radiation Research and

81

https://doi.org/10.1016/j.jenvman.2020.110367
https://doi.org/10.1016/j.fuproc.2019.106196
https://doi.org/10.1016/j.fuproc.2019.106196
https://doi.org/10.1016/j.fuproc.2019.106196
https://doi.org/10.1016/j.powtec.2019.11.100
https://doi.org/10.1016/j.powtec.2019.11.100
https://doi.org/10.1016/j.scitotenv.2019.05.366
https://doi.org/10.1016/j.scitotenv.2019.05.366
https://doi.org/10.3390/su12114758
https://doi.org/10.3390/su12114758
https://doi.org/10.3390/su12114758
https://doi.org/10.1038/s41598-020-80678-3
https://doi.org/10.1038/s41598-020-80678-3
https://doi.org/10.1007/s11356-020-07614-w
https://doi.org/10.1007/s11356-020-07614-w
https://doi.org/10.1016/B978-0-12-816856-1.00014-2
https://doi.org/10.15376/biores.11.2.3524-3537
https://doi.org/10.15376/biores.11.2.3524-3537
https://doi.org/10.1039/c6ay01863g
https://doi.org/10.1039/c6ay01863g
https://doi.org/10.1063/1.4978086
https://doi.org/10.1063/1.4978086
https://baochinhphu.vn/phu-pham-nong-nghiep-nguon-tai-nguyen-dang-bi-lang-phi-102300165.html
https://doi.org/10.1021/acsomega.2c07034
https://doi.org/10.1021/acsomega.2c07034
https://doi.org/10.32604/jrm.2019.04371
https://doi.org/10.32604/jrm.2019.04371
https://doi.org/10.1007/s11356-020-07623-9
https://doi.org/10.1007/s11356-020-07623-9
https://doi.org/10.1007/s11356-018-3335-x
https://doi.org/10.1007/s11356-018-3335-x
https://doi.org/10.1016/B978-1-78242-305-8.00008-5
https://doi.org/10.1016/B978-1-78242-305-8.00008-5


Huan, N. X., et al. / Journal of Science and Technology in Civil Engineering

Radiation Process, 36:1–8.
[34] Han, L., Feng, J., Zhang, S., Ma, Z., Wang, Y., Zhang, X. (2012). Alkali pretreated of wheat straw and its

enzymatic hydrolysis. Brazilian Journal of Microbiology, 43(1):53–61.
[35] Ruimin, Y., Zhenning, Z., Zihao, F., Lu, S., Jinhui, L., Bang, Z. (2021). Effect of organic content on

compression properties of municipal sewage sludge. IOP Conference Series: Earth and Environmental
Science, 643(1):012105.

[36] Liu, C. (2019). Enhancement of dewaterability and heavy metals solubilization of waste activated sludge
conditioned by natural vanadium-titanium magnetite-activated peroxymonosulfate oxidation with rice
husk. Chemical Engineering Journal, 359:217–224.

[37] Chang, Z., Long, G., Zhou, J. L., Ma, C. (2020). Valorization of sewage sludge in the fabrication of
construction and building materials: A review. Resources, Conservation and Recycling, 154:104606.

[38] Zabaniotou, A., Theofilou, C. (2008). Green energy at cement kiln in Cyprus—Use of sewage sludge as
a conventional fuel substitute. Renewable and Sustainable Energy Reviews, 12(2):531–541.

[39] Zhang, Y. M., Jia, L. T., Mei, H., Cui, Q., Zhang, P. G., Sun, Z. M. (2016). Fabrication, microstructure
and properties of bricks fired from lake sediment, cinder and sewage sludge. Construction and Building
Materials, 121:154–160.

[40] Xiong, Q., Zhou, M., Yang, H., Liu, M., Wang, T., Dong, Y., Hou, H. (2017). Improving the Dewat-
erability of Sewage Sludge Using Rice Husk and Fe2+-Sodium Persulfate Oxidation. ACS Sustainable
Chemistry & Engineering, 6(1):872–881.

82

https://doi.org/10.1590/s1517-83822012000100006
https://doi.org/10.1590/s1517-83822012000100006
https://doi.org/10.1088/1755-1315/643/1/012105
https://doi.org/10.1088/1755-1315/643/1/012105
https://doi.org/10.1016/j.cej.2018.11.139
https://doi.org/10.1016/j.cej.2018.11.139
https://doi.org/10.1016/j.cej.2018.11.139
https://doi.org/10.1016/j.resconrec.2019.104606
https://doi.org/10.1016/j.resconrec.2019.104606
https://doi.org/10.1016/j.rser.2006.07.017
https://doi.org/10.1016/j.rser.2006.07.017
https://doi.org/10.1016/j.conbuildmat.2016.05.155
https://doi.org/10.1016/j.conbuildmat.2016.05.155
https://doi.org/10.1021/acssuschemeng.7b03227
https://doi.org/10.1021/acssuschemeng.7b03227

	Introduction
	Materials and Methods
	Sludge for testing
	Preparation of agro-waste additives 
	Sludge dewatering test

	Result and Discussion
	Characteristics of testing sludges
	Effect of additive blending on dewaterability
	Effect of additive blending on organic matters 
	Effect of additive blending on other physical and chemical characteristics 
	SEM results of blended sludges
	Statistical analysis

	Conclusion

