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Background. In recent decades, the microbial and plant-derived urease have been used for sand stabilization by the calcium
carbonate precipitation method, especially with Sporosarcina pasteurii. However, calcium carbonate precipitation using plant-
derived urease has received less attention. Purchasing the extracted and purifed commercially available plant-derived urease for
the sand improvement is costly. Te plant-derived urease-containing crude extract (enzyme substance) is cheaper than purifed
(commercial) urease. In the present study, the feasibility of sand improvement by enzyme-induced calcium carbonate pre-
cipitation method was investigated with urease-containing crude extract (extracted from soybean). Methods. Te distilled water,
instead of phosphate bufer, was used to provide the main enzyme extraction medium. Also, the efects of temperature, time, and
dilution on the activity of the urease-containing crude extract by the electrical conductivity meter were investigated. Results. Te
results showed that the extraction temperature had a signifcant efect on the behavior of the enzymes, and according to the results,
the temperature range between 19 and 25°C is suitable for the enzyme extraction. Te four-layer surface percolation method was
used to improve the sand, and 0.75 equimolar (eqM) concentration of urea-CaCl2 cementation solution is suitable for sand
improvement using the UCE extracted from soybean seed. Conclusion. Silica sand was successfully improved by the EICP method
using the four-layer surface percolation method, and signifcant unconfned compressive strength and elasticity modulus were
obtained. XRD and XRF analysis also confrmed the successful precipitation of calcium carbonate between the sand particles.

1. Introduction

Drying up of lakes, rivers, and wetlands, soil erosion, de-
sertifcation, and dust storms are among the environmental
problems. Geotechnical engineering always attempts to solve
environmental problems, such as the drifting process of
moving sands (through stabilization) in desert areas and in
the margins of dry lakes [1], and to prevent the occurrence of
dust storms. One of the important issues in geotechnical
engineering is to deal with the liquefaction of saturated loose
sand. To stabilize the moving sands and to deal with the
liquefaction, the use of microbial and enzymatic improve-
ment methods has been suggested by researchers [2–10].

Advanced soil improvement techniques such as bio-
grouting via microbial-induced calcium carbonate pre-
cipitation (MICP) and enzyme-induced urease carbonate
precipitation (EICP) are now available for the sand stabi-
lization and improvement. Bio-cementation (by MICP or
EICPmethod) has many advantages over chemical methods.
Te advantages of bio-cement include eco-friendliness [11],
less viscosity of bio-slurry and easier penetration into soil
pores [12], and in-situ cementation without changing or
disturbing the main soil structure [13].

MICP has grown up to be a hot topic in the feld of
improvement and bio-geo-technics [3, 4, 14–19]. Tere have
been many studies on carbonate precipitation (mainly
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calcite) caused by the activity of Sporosarcina pasteurii
[3, 4, 20–23] because it has been more efective in improving
than other microorganisms. Also, an eco-friendly and cost-
efective method for soil improvement using bone meal and
acid urease was studied by researchers [24]. In addition to
microorganisms, urease is also found in some plants.
Several families of common urease-rich plants include
some types of beans (soybean), jack-bean melon and wa-
termelon, pumpkin, and pine family [25]. Urease accel-
erates the hydrolysis of urea by 1014 times compared
to the spontaneous reaction [26]. Tis enzyme (urease)
breaks down the urea into ammonia and carbonate ions
(equation (1))

CO NH2( 2 + 2H2O⟶
urease

2NH+
4 + CO2−

3 (1)

Eventually, adding calcium ions to the system (as
a common method) will result in the precipitation of cal-
cium carbonate (equation (2)).

Ca2+
+ CO2−

3 ⟶ CaCO3 (2)

Improvement by the EICP method has more advantages
than the MICP method. Te soluble plant urease (12 nm) is
smaller than the size of the urease-producing bacteria
(300–5000 nm) which can penetrate into very small voids
and be used for much fner soils. Also, the smaller size of
plant urease (than ureolytic bacteria) allows the urease to be
used in the soil depths. It is a protein and is not a living
organism; therefore, it has no limitations related to the
microorganism like Sporosarcina pasteurii. Te plant urease
has a limited lifespan, and its activity decreases over time
[27, 28]. Compared with the microbial method, the direct
use of the plant urease does not cause microbial contami-
nation of the environment and does not need government
authorization and monitoring [29].

So far, numerous works have been conducted on the
purifed plant-derived urease [30–34]. However, purchasing
the extracted and purifed commercially available urease is
also costly despite the high yield. However, the use of plant
urease as a crude extract is cheap and a good alternative for
commercially purifed urease [35–37], while the costs of
production, isolation, storage, and transfer of urease-
producing bacteria are very high [11, 38, 39]. Terefore,
the cost of sand improvement by urea hydrolysis mechanism
using the crude extract of urease is lower than that in the
MICP method. Until now, the Jack bean crude extract and
crushed watermelon crude extract have been used to im-
prove the sand with the production of calcium phosphate
[40] and calcium carbonate [41–43] precipitation among the
sand particles. Östvold also used a highly cost-efective
method by means of the distilled water (instead of bufer
phosphate) for extracting the plant-derived enzyme from
Jack bean and its lyophilization [44].

Production of ammonia by-products is a major problem
of the EICP/MICP technology. Some innovative methods,
including the use of natural zeolite to remove the ammo-
nium ions from the aqueous solution and struvite pre-
cipitation technology, were used to solve this problem
[45, 46].

Given the aforementioned advantages of using the plant
method over the microbial one and the potential benefts of
using the urease-containing crude extract (UCE), the
challenge of this study is to evaluate the feasibility and ef-
fciency of sand improvement using the crude extract of
urease from the UCE. To reduce the costs, unlike the other
studies, the distilled water instead of phosphate bufer was
used to provide the main enzyme extraction medium. In this
study, the efects of temperature, time, and dilution on the
amount of urease activity extracted by the electrical con-
ductivity meter were investigated (which was common only
in MICP research). To confrm the results, the mechanical
parameters of soil and the advanced X-ray difraction (XRD)
and X-ray fuorescence (XRF) analyses were considered.

2. Materials and Methods

In this study, the UCE and the cementation solution (urea-
CaCl2) were used to improve the silica sand [47–49]. First, in
the material section, the soybean plant seeds traits used to
extract the UCE, sand characteristics, and substances required
for preparing the cementation solution are presented. Te
second section deals with the experiments on the extraction,
measurement, and evaluation of the UCE of the plant seed. In
this section, themethod of extraction, isolation, and storage of
UCE from soybean seed and the method of measuring the
urease activity of UCE are presented. Te experimental
program was also performed to investigate the efect of ex-
traction temperature, elapsed time, and dilution with distilled
water on the urease activity of the extracted UCE. Te third
section deals with the sand improvement using the UCE and
cementation solution (EICP method). Tis section describes
how to prepare the sand samples and the experimental
program of sand improvement to investigate the efect of the
cementation solution concentration and urease activity of the
UCE on the mechanical strength of the samples. Tis section
also describes how to measure the mechanical strength and
the analyses performed on the improved samples.

It should be noted that all the experiments were repeated
three times and the average of three experiments was re-
ported. More experiments are performed to reduce the efect
of probable errors whenever some outliers are detected.

2.1. Plant Seed Used for Extracting UCE (Urease). To
improve the sand using the EICP method, the soybean seeds
purchased from the Ardabil market were used for the urease
extraction (Figure 1). Te distilled water was used to prepare
the main enzyme extraction medium [50–52].

2.2. Sand Used for Improvement. To improve the sand using
the EICP method, the Firuzkuh silica sand (Firuzkuh
standard fne-grained sand #161) provided by the casting sand
supplier company was used for the sand improvement. Te
grading curve of Firuzkuh sand #161 is shown in Figure 2.
92% of the particles were 130–500 μm in diameter. Tis sand
has 97.5%mineral silica, 1.76 uniformity coefcient (CU), and
0.86 curve coefcient (CC); the name of sand in the unifed
classifcation system is SP (poor-graded sand).
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2.3. Cementation Solution Used for Sand Improvement. To
improve the sand using the EICP method, the cementation
solution of urea and calcium chloride was used. For the cost-
efectiveness of making cementation solution, instead of
using experimental grade, industrial grades of the substances
(agricultural urea and industrial calcium chloride dehydrate
with 60.06 g/mole and 147.02 g/mole molecular mass, re-
spectively) were used. Te price of the industrial type of the
substances was lower than the laboratory price. Te 0.3 and
0.75 eqM urea and calcium chloride solutions were used to
prepare the cementation solution according to Table 1.

2.4. Method of Extraction, Separation, and Storage of UCE.
Initially, the soybean seeds were powdered and fnely ground
using an industrial mill. Ten, 200 g of soybean was brought
to volume in 1 liter of water, and the similar samples were
stirred in a refrigerated shaking incubator at 15–30°C for
20 h in a stirrer (magnetic stirrer with hot plate) (Fig-
ure 3(a)). After 20 h of extraction, a milky urease-containing
suspension (MUS) was obtained (Figure 3(b)). A part of it
was used to measure the urease activity, and the rest was
fltered through a fabric flter, and a new fltered urease-
containing suspension (FUS) with less solids was obtained
(Figure 3(c)). A part of the MUS was used to measure the
urease activity, and the rest was poured into the Falcon 50ml

and centrifuged at 25°C for 15min at 10,000 rpm
(Figure 3(d)). Immediately after the centrifugation, the
supernatant (liquid phase), UCE, was removed and the solid
phase was discarded (Figures 3(e) and 3(f )). A part of the
UCE was used to measure the urease activity, and the rest
was stored at 4°C in the refrigerator before use for the sand
improvement and necessary measurements. In this way,
three types of enzymatic substances including the MUS,
fltered MUS, and the UCE (fltered and centrifuged MUS)
were used to measure the urease activity.

2.5. Method for Measuring Suspension Urease Activity and
UCE. PrismaTech Benchtop Conductivitymeter (model:
BPTC-500) at the Microbiology Laboratory of Tabriz Uni-
versity of Medical Sciences was used to measure the urease
activity. In this respect, 5ml of unfltered milky suspension,
fltered suspension, and UCE (separately in diferent mea-
surements) was added to 45ml of 1.11M urea solution, and
the rate of electrical conductivity changes was measured in
5min at 22°C (Figure 4) [53]. Te slope of the electrical
conductivity graph over time yielded the urease activity of
the urease suspension (in mS/cm/min). Te results were
multiplied by 10 because it was diluted 10 times.

2.6. Experimental Program to Investigate Efect of Extraction
Temperature on Urease Activity. According to Table 2,
MUS, fltered MUS, and UCE (fltered and centrifuged
MUS) of soybean were extracted at various temperatures in
6 tests. Ten, their urease activity was measured and cal-
culated according to the method described in the previous
section.

2.7. Experimental Program to Investigate Efect of Elapsed
Time onMUSUreaseActivity. Similar to Test 2 (Table 2), the
UCE of soybean was extracted at 15°C according to the
method described in the previous sections. During the ex-
traction process of UCE (for 20 was described before), the
urease activity was measured 2, 4, 6, 8, 10, and 20 h from the
start. After 20 h, the prepared UCE was collected and stored
in the refrigerator at 4°C for further measurements. To
investigate the efect of elapsed time on the change in the

(a) (b)

Figure 1: Ground soybean (b). Soybean seed (a).
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Figure 2: Firuzkuh sand properties and grading curve.
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urease activity of UCE, its urease activity was measured after
24, 48, 72, 96, 120, 144, 168, and 192 h (accounting for the
time of the curing process). At each specifc time, the urease
suspension was taken out of the refrigerator and its urease
activity was measured when its temperature reached the
ambient temperature. For example, the frst measurement of
the urease activity of the UCE kept in the refrigerator was
carried out 24 h after starting the curing process (after 3.5 h
of refrigeration and half an hour waiting for the suspension
temperature to reach the ambient temperature).

2.8. Experimental Program to Evaluate the Efect of UCE
Dilution on Urease Activity. Similar to Test 1 (Table 2), the
UCE of soybean was extracted at 15°C according to the
method described in the previous sections. Ten, to evaluate
the efect of UCE concentration including 100, 75, 50, 25, 10,
and 5% on the urease activity, the prepared UCE was diluted
with the distilled water and the urease activity was measured.
For example, for preparing UCE 25%, 75 weight percentage
of distilled water was mixed with 25 weight percentage of
pure UCE.

Table 1: Quantities of calcium chloride and urea used for preparing cementation solution at diferent concentrations.

No. Cementation solution CO (NH2)2 (g/l) CaCl2.2H2O (g/l)
1 0.3 eqM CaCl2.2H2O & urea 18.018 44.1
2 0.75 eqM CaCl2.2H2O & urea 45.045 110.26

(a)

(c) (d) (e) (f)

(b)

Figure 3: Extraction of urease from soybean powder in an incubator on stirrer (a, b), milky suspension after 20 h of extraction and before
fltering with fabric flter (c), use of fabric flter for fltering the solids (d), centrifugation of fltered suspension and separating residual solids
(e), and UCE (f).
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2.9. Preparing Sand Samples for Treatment (Improvement).
A wooden injection table with 10 sections for the placement
of samples next to each other was used to improve the sand
(Figure 5). On the injection table, a drainage duct was placed
in the base of the samples, which allowed drainage of the
samples through these ducts. Te sample diameter of 23mm
and sample height of 130mmwere selected, and a disposable
transparent plastic mica sheet was used to make the cy-
lindrical molds of the samples. Also, the 25mm scourer was
used as the drainage on the base of samples, 85 gr of sand was
slowly poured into the molds using a funnel, no compaction
was applied to the molds, and only slight vibration was
applied to fully place the sand in the molds during the sand
pouring. Due to the uniform grading of sand, the physical
properties of sand, such as bulk density (1.51 g/cm3), were
identical at diferent depths of the cylindrical sample.

2.10. Experimental Programof Sand Improvement, Evaluation
of Cementation Solution Concentration, and UCE Urease
Activity Afecting Mechanical Strength of Samples. Te sand
samples were improved according to the experimental
program presented in Table 3 using the UCEs with diferent
urease activities and cementation solutions with diferent
concentrations by the four-layer surface percolation
method. According to Table 3, for each test design, three
replications (for measuring the average unconfned com-
pressive strength of three samples for each design) were
prepared.

In this method, the UCE and cementation solutions were
added to the sand sample in four steps. Te volume of void
space of each cylindrical sand sample (containing 85 g of
Firuzkuh sand #121) was measured by the 50mm drainage
method. Terefore, 12.5ml of UCE was passed through the
sand by the surface percolation method. Immediately after
the complete passage of UCE through the sand, 12.5ml of
cementation solution was passed through the sand. After the
complete passage of the cementation solution through the
sand, 12.5ml of UCE and, then, 12.5ml of other cementation
solution were again passed through the sand. Te passage of
50ml of UCE and cementation solutions was considered in
four steps of an improvement cycle. Te subsequent im-
provement cycles were performed similarly in 24-h intervals.
Te samples were improved in 6 cycles. After 6 cycles of the
improvement, the molds were opened and immersed in
water for 7 days to eliminate any binding efects of the
presence of a high concentration of organics (proteins and
fats) between the sand particles on the compressive strength
of the treated samples. After the immersion process, the
samples dried in an oven at 105°C, and the unconfned
compressive strength of the improved cylindrical samples
was measured.

2.11. Measuring Mechanical Strength of Improved Samples.
In this study, the uniaxial loading device was used to
measure the unconfned compressive strength of the im-
proved cylindrical samples by strain control method
according to ASTM-D2166 standard. Each improved sample
was divided into two upper and lower samples. Te height-
to-diameter ratio of the samples was set to 2–2.5.Te loading
rate of the samples was selected as 1mm/min (about 1.5%
strain/min).

2.12. XRD and XRF Analyses. XRD analysis of the dried
powder of the treated sample (UCE6) in the angular region
(2θ) of 10–80° was recorded by X’Pert Pro difractometer
(Panalytical, the Netherlands) with Cu anode at the room
temperature, step size of 0.026°, rate of 1°/min, and wave-
length of 0.154056 nm, 40 kV, and 40mA. Te dried powder
of natural (nontreated) and treated samples was pressed and
formed into tablets with boric acid as an additive to de-
termine the elemental composition with S4 EXPLORERXRF
(X-ray fuorescence spectrometer). For the treated sample,
XRF and XRD analyses were examined after the immersing-

Figure 4: Measuring urease activity for UCE using an electrical
conductivity meter.

Table 2: Name of tests to investigate the efect of change in ex-
traction temperature on their urease activity.

Test Test1 Test2 Test3 Test4 Test5 Test6
Temperature (°C) 15 17 20 25 28 30

Figure 5: Putting cylindrical molds on the injection table.
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drying process. In this process, the treated sample was
immersed in water for 7 days to eliminate organics (proteins
and fats) and unreacted CaCl2 and urea between the sand
particles. After the immersion process, the samples were
dried in an oven at 105°C.

3. Results and Discussion

First, the efects of various parameters such as extraction
temperature, elapsed time, and dilution with distilled
water on the urease activity are presented and discussed.
In the following, the infuence of the urease activity of
UCE and concentration of cementation solution on the
mechanical strength of diferent sand samples was in-
vestigated, and the results of XRD and XRF analyses were
also considered.

3.1. Results of the Efect of Extraction Temperature on Urease
Activity. In this study, as described before, three types of
enzymatic substances, including the MUS (initial milky
urease-containing suspension before any fltration and
centrifuge), fltered MUS (which is still in suspension state
due to uncompleted solids removal), and UCE (fltered and
centrifuged MUS) were extracted and prepared from soy-
bean seed at diferent temperatures.

According to Table 4 and Figure 6, the extraction
temperature had a signifcant efect on the behavior of the
extracted enzymatic substances:

(1) For MUS, in the extraction temperature range from
15 to 17°C, urease activity before fltration in-
creased from 1.18 to 1.62mS/cm/min. By in-
creasing the extraction temperature from 17 to
25°C, the urease activity of MUS decreased from
1.62 to 1.1 mS/cm/min. Te highest urease activity
for both of them was obtained at the extraction
temperature of 17°C.

(2) In the extraction temperature range from 15 to 17°C,
because the prepared MUS was very viscous (single-
phase) and it was technically not possible to com-
pletely separate the liquid and solid phases to pro-
duce a clear UCE, the fltration process was not
possible, and after centrifugation, only a very small
amount of the solid precipitates and, as a result, the
values of urease activity for the prepared nonclear
UCE were close to MUS.

(3) In the temperature range from 20 to 25°C, the
prepared MUS was not viscose and was two-phase
(including solid and liquid particles). Terefore,
clear UCE was produced possible by fltration and

centrifugation. It is concluded that the urease was
related to the liquid phase and that the separation
of solids during the fltration and centrifugation
had no signifcant efect on the reduction of the
urease activity. In this temperature range, the
urease activity of UCE and MUS was slightly
diferent.

(4) In the extraction temperature range from 28 to 30°C,
the urease activity of UCE andMUS was signifcantly
diferent in this range. After fltration and centri-
fugation of MUS to prepare UCE in this temperature
range, the urease activity dropped signifcantly (68
and 82.7% according to Figure 6) because the
extracted MUS consisted of three phases, and in
addition to the liquid and solid phases, it contained
the gas phase, which was removed by opening the
container lid (containing MUS).

According to the results, the production of clear UCE
was possible only at 20–25°C extraction temperature. From
the sand improvement perspective, the use of clear UCE
which is liquid and could pass easily through the sand
particles was appropriated for the uniform sand improve-
ment in depth. However, the use of MUS would cause sand
blockage and inhomogeneous urease distribution and ce-
mentation solution at the depth of the sand sample. It should
be noted that if the MUS (prepared at 15–30°C) or nonclear
UCE (prepared at 15–17°C) is diluted with distilled water
and the concentration is reduced, it can be used for the sand
improvement.

3.2. Results of the Efect of Elapsed Time on Urease Activity.
As shown in Figure 7, the urease activity of the enzyme
increased rapidly in the 2–12 h curing time period. In the
time period from 12 to 96 h, the urease activity of the enzyme
decreased. Te urease activity of the enzyme reached the
maximum of 1.76mS/cm/min after curing for 10 h. Te
urease activity decreased by 18% from 1.34 to 1.1mS/cm/
min via maintaining the urease suspension at 4°C in the
refrigerator for 20–96 h. Over time, the urease activity
decreased.

3.3. Results of the Efect of Diluting Urease Suspension with
Distilled Water on Urease Activity. According to Table 5,
after dilution of nonclear UCE provided at 15°C with
distilled water, the urease activity of diluted UCE de-
creased as it was diluted and the concentration was re-
duced. By 95% dilution of UCE (5% UCE concentration),
the urease activity decreased to 0.14mS/cm/min. An
important result was that dilution of the UCE with

Table 3: Experimental design for sand improvement using UCE and cementation solution (triple samples per design).

No. S1 S2 S3 S4 S5 S6 S7 S8
Concentration of cementation solution (eqM) 0.3 0.75 0.3 0.75 0.3 0.75 0.3 0.75
Urease activity of UCE (mS/cm/min) 0.20 0.20 0.33 0.33 0.50 0.50 1.00 1.00
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distilled water provided the urease activity required for
the sand improvement. Dilution of UCE made it easier to
inject into the sand.

3.4. Results of Sand Improvement Experiments via EICP
Method. Efect of UCE concentration and cementation on
the unconfned compressive strength were as below:

(1) According to Figure 8, the axial stress-strain diagram
of an improved sample (one of triple samples with
experimental design S6 according to Table 3) is
presented. Tis sample was treated using UCE with
0.5mS/cm/min urease activity and 0.75 eqM urea-
CaCl2 cementation solution (in the upper part of the
sample). Te remarkable unconfned strength of
4.62MPa and the modulus of elasticity of 2.72MPa
were obtained by using the 6-cycle EICP improve-
ment method. Also, the average of unconfned

compressive strength for triple similar samples was
obtained at 4.35MPa. However, in the feld of sand
improvement, such a large amount is usually not
required for the unconfned compressive strength,
and reducing the number of improvement cycles can
reduce its value. One of the results of reducing
improvement cycles will be reducing the time and
costs of improvement.

(2) According to Figure 9, for treatment using the
0.75 eqM urea-CalCl2 cementation solution, with
increasing the urease activity from 0.2 to 0.333mS/
cm/min, the unconfned compressive strength and
the elasticity modulus of the upper part of treated
sand samples increased. By increasing the urease
activity from 0.33 to 1mS/cm/min, 68% reduction in
unconfned compressive strength, and 53% re-
duction in elasticity modulus were achieved because
in the high urease activities, due to the high rate of

Table 4: Results of experiments to compare enzyme activity at diferent extraction temperatures.

Test Test1 Test2 Test3 Test4 Test5 Test6
Extraction temperatures (°C) 15 17 20 25 28 30

Urease activity (mS/cm/min)
MUS 1.18 1.62 1.55 1.4 1.2 1.1

Filtered MUS — — 1.5 1.2 0.46 0.34
UCE (fltered and centrifuged MUS) 1.2 1.613 1.55 1.1 0.52 0.273
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Figure 6: Percentage of drop in urease activity of UCE relative to MUS at diferent extraction temperatures.
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Figure 7: Diagram of changes in urease activity of UCE over time.

Table 5: Efect of UCE concentration on urease activity.

UCE concentration (%) 100 75 50 25 10 5
Urease activity (mS/cm/min) 1.34 0.90 0.68 0.42 0.20 0.14
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urea hydrolysis and enzyme accumulation, the
blockage occurred in the upper part of the sample
and the distribution of calcium carbonate pre-
cipitation in the sample depth was uneven and
resulted in the reduced mechanical strength of the
sample. For the lower part of the sample treated
with UCE with urease activities of 0.2 and 0.33mS/
cm/min, unconfned compressive strength of 1.42
and 1.53MPa and elasticity moduli of 1.02 and
1.69MPa were obtained. Also, for the urease ac-
tivities of 0.5 and 1mS/cm/min, compressive
strength and modulus of approximately were not
increased.

(3) According to Figure 10, for treatment using the
0.30 eqM urea-CalCl2 cementation solution, the
compressive strength of the upper part of treated
sand samples increased with increasing urease ac-
tivity from 0.33 to 0.5mS/cm/min. Compressive
strength decreased with a further increase of urease
activity from 0.5 to 1mS/cm/min. Te highest un-
confned compressive strength was obtained for
0.5mS/cm/min urease activity equaling to 1.49MPa.
Te lower part of these samples did not ofer much
resistance.

(4) By comparing the diagrams of Figures 9 and 10, the
maximum unconfned compressive strength for the
0.75 eqM concentration was about 2 times higher
than themaximum unconfned compressive strength
for the 0.3 eqM concentration, indicating that for
deep improvement, it was better to use the con-
centration of 0.75 eqM, which is consistent with
other results [41].

(5) By comparing the diagrams of Figures 9 and 10, it
can be seen that the maximum unconfned com-
pressive strength and the elasticity modulus were
obtained for the concentration of 0.75 eqM of urea
and calcium chloride cementation solution and
urease activity of 0.33mS/cm/min (which is con-
sidered as low urease activity). Terefore, the use of
UCE extracted from soybean for improving the sand,
the dilution process, and its efect on the urease
activity had a signifcant efect on the mechanical
strength of the improved sand.

(6) By diluting the UCE (with distilled water), the urease
activity was reduced to 0.333mS/cm/min; in addi-
tion to increasing the mechanical strength of the
sample, it helped reduce the costs of improvement. It
is also shown in Figure 9 that for the urease activity
of 0.333mS/cm/min, the maximum unconfned
compressive strength was obtained in the upper part
of the sample and the unconfned compressive

strength of the lower part was less than the upper
part due to the occurrence of partial blockage in the
higher part and the less reaching of the enzyme and
cementation solution to these parts.

3.5. XRD and XRF Analyses. As shown in Figure 11, the
bonding between the improved sand particles (created
sandstone) treated with UCE6 and the 0.75 eqM cementa-
tion solution of urea and calcium chloride.

As shown in Figure 11, the XRD analysis shows that all
major peaks were related to the mineral quartz (Firuzkuh
silica sand composition). Some of the peaks were related
to calcite and vaterite, related to the enzymatic calcium
carbonate precipitation (EICP) between the sand
particles.

According to Table 6, the XRF analysis results on
the untreated silica sand samples contained 94% silica
(SiO2), and the sand sample improved by the EICP
method containing 59% silica (SiO2), 22.7% carbon di-
oxide (CO2), and 13.8% calcium oxide (CaO). Reduction
of SiO2 and increment of CO2 and CaO indicated the
precipitation of calcium carbonate among the silica sand
particles.

3.6. Innovations ofTis Study. Te enzyme-induced calcium
carbonate precipitation (EICP) method presents a novel
approach to sand improvement, ofering several advantages
over other methods like microbially induced calcium car-
bonate precipitation (MICP). With plant-derived urease’s
smaller size compared to ureolytic bacteria, the EICP
method enables easier penetration into small voids without
microbial contamination, making it ideal for feld-scale
applications. Moreover, using crude extract (UCE) of
plant-derived urease from soybean seeds proves more cost-
efective than commercially extracted urease, as purifcation
is unnecessary. Distilled water replaces phosphate bufer for
urease extraction, further reducing costs. Innovative use of
an electrical conductivity meter successfully measures urease
activity in crude extracts, while research identifes optimal
conditions for urease activity. Silica sand improvements
using the EICPmethod yield signifcant increases in strength
and modulus. Dilution of the urease-containing substance
enhances sand improvement quality, with an optimal
concentration identifed.Tis study’s focus on evaluating the
feasibility and efciency of sand improvement using crude
urease extract from UCE, alongside investigations into
temperature, time, and dilution efects on urease activity,
highlights its innovative approach. Advanced analyses, in-
cluding XRD and XRF, confrm the fndings, emphasizing
the EICP method’s potential for cost-efective and efcient
sand improvement.
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Figure 9: Unconfned compressive strength values (a) and elasticity modulus (b) of improved samples using UCE with diferent urease
activity and 0.75 eqM cementation solution.
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4. Conclusion

Due to various advantages of the EICP method over the
MICP method such as the smaller size of plant-derived
urease than the size of ureolytic bacteria, the possibility
of easier penetration into very small voids without envi-
ronmental microbial contamination using the EICP
method for the sand improvement was recommended on
the feld scale. Te use of plant-derived urease as a crude
extract (UCE) was much cheaper than the commercially
extracted plant urease. On the other hand, to improve the
sand, it is not necessary to use the purifed urease.
Terefore, using the results of this study, it is possible to
extract the urease-containing substance from the soybean
seed at a lower cost (than purifed urease) to improve the
sand by the EICP method. Te important results of this
research are summarized as follows:

(1) Te possibility of successfully extracting the MUS
andUCE from soybean seed using the distilled water,
instead of phosphate bufer, was proposed to further
reduce the extraction costs

(2) Innovative and successful use of the electrical con-
ductivity meter to measure the urease activity of
urease-containing crude extract (from soybean seed)
was evaluated

(3) Te signifcant efect of extraction temperature on
the behavior of the extracted enzymes (urease) was
identifed, and the suitable range of temperature
(20–25°C) and time (20 h after the enzyme curing)
for the UCE with the most optimal urease activity
(0.333mS/cm/min) is suitable

(4) Silica sand was successfully improved by the EICP
method using the four-layer surface percolation
method, and signifcant unconfned compressive
strength and elasticity modulus were obtained

(5) Te dilution of urease-containing plant-derived
substance (UCE) leads to an increase in the qual-
ity of sand improvement

(6) 0.75 eqM concentration of urea-CaCl2 cementation
solution is suitable for sand improvement using the
UCE extracted from soybean seed
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