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The amount of feeding solution is in accordance with
Test 1 results presented in Figure 1 and allows fixing the
volume of feeding solution to be used to the value where
the experimental results were closer to the theoretical
values, as is when maximum precipitate can be produced
when urease concentration is 15 mg/mL.

3 Preliminary tests to define dosages
Two types of tests were conducted aiming to: (i) find the
optimal concentration of urease enzyme (Test 1) and (ii)
study the behavior of a constant urease solution in
presence of different feeding dosages (Test 2). In both
tests, the amount of enzyme and feeding solution were
mixed and left to react at constant temperature of 20ºC,
forming a precipitate. The dry mass was measured after a
period of 24h. The precipitate was analysed using X-Ray
diffraction to confirm the presence of calcium carbonate
in the form of calcite in each precipitated mass,
confirming the hydrolysis of urea [8].
The solutions were prepared in microcentrifuge tubes
(eppendorf type). Each tube was filled with a 1 mL
volume of the different solutions. After a 24h reaction
period. The tubes were centrifuged, and the supernatant
was discarded. Then the tubes were left 24h at 60ºC to
complete drying of the remaining precipitate.
The results of Test 1 are presented in Figure 1 for the
case when the feeding solution was 86% (860 L
feeding solution in 1 mL distilled water). The control
case (1 mL distilled water) without adding feeding
solution serves to quantify the amount of enzyme
precipitate. From Figure 1 the conclusions are that: (i)
the reaction with the feeding solution occurred and is
dependent on the enzyme concentration and (ii) for
urease concentrations larger than 15 mg/mL the
precipitate mass does not increase significantly. The
behavior of the measured dry mass is very similar to the
theoretical production of calcium carbonate computed
using stoichiometry, indicating that it should be the
major component of the precipitates, as also revealed by
the control sample results. This was the amount of
enzyme used in Test 2.
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Fig. 2. Analysis of feeding solution dosage (urease
concentration is 15 mg/mL in all experiments).

4 Microfluidic device
4.1. Description of the microfluidic device
The microfluidic device is composed by a 2 mm-thick
top acrylic plate and a 3 mm-thick bottom acrylic plate.
Figure 3 presents the two plates and their respective
elements and dimensions. In the bottom plate, a channel
with 1 mm height (where the flow occurs) and several
obstacles in form of columns with 1 mm diameter were
milled using micromilling techniques [9](fig. 4).
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Fig. 1. Urease concentration analysis fixing the amount of
feeding solution to 86%.

In Test 2 the formation of precipitate was
investigated considering also the case where only the
feeding solution (absence of enzyme) was used, to
discard the formation of other precipitates in the solution
(Figure 2). The results confirm that the amount of
precipitate formed is directly proportional to the quantity
of feeding solution available. These results also show
sample concentrations of 15 mg/mL follow the
theoretical production of calcium carbonate for feeding
solution volumes up to around 800 μL. This may
indicate an inhibition mechanism of urease enzyme.

Fig. 3. Top view 2D schematics of the microfluidic device.

In the top plate, two inlets/outlets with 1 mm
diameter were drilled. The cover plate is a square
borosilicate glass, inserted for improved visualization of
the flow below. Both plates were joined using four M3
screws and a uniform layer of silicone. The device is
totally symmetrical, enabling flow direction to occur
both ways. A picture of the final device is presented in
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Figure 4 c). The total volume of solution completely
filling the device is inferior to 0.5 mL.

Suport frame
Digital camera

Microfluidic
device

b)

a)

LED plate
Fig. 5. Experimental setup for monitoring the reactions
occurring in the microfluidic device during an experiment.

4.3 Data analysis

c)

The digital images taken of the different experiments,
such as those shown in Figure 6, were analyzed with the
MATLAB image processing toolbox. A script was
written to evaluate RGB values on the images, ranging
from 0 to 255 (Table 2). Blue was identified as having
higher intensity variation in the images, and was used for
image analysis.

Fig. 4. a) CNC milling machine (INESC-MN); b) microfluidic
device under construction; c) finished microfluidic device.

4.2 Experiments on the microfluidic device
The purpose of these tests was to reproduce the behavior
of laboratorial results of Test 2 previously presented.
Therefore, five solutions were injected on the device,
with composition listed in Table 1. Solutions without
enzyme (0% urease concentration) and without feeding
solution (0% in volume) were included as control tests.
The other cases correspond to increasing percentages in
volume of the feeding solution including the value where
larger dry mass of precipitate for fixed 15 mg/mL of
enzyme was found.

Table 2. Blue intensity range obtained for different test
samples

Experiment
15 mg/ml urease
15 mg/ml urease +
10% feeding
15 mg/ml urease +
50% feeding
15 mg/ml urease +
86% feeding
100% feeding

Table 1. Solutions injected in the microfluidic device.

Urease concentration
(mg/mL)

% (in volume) of
feeding solution

15
15
15
15
15

0
10
50
86
100

Blue intensity range
0-125
100-135
0-130
0-130
0-115

&ůƵŝĚĨůŽǁ

A special equipment, which photograph isshown in
fFigure 5, was used to fix both the device and a digital
camera, creating a stationary in position. Backlight
illumination was produced by a LED plate in the bottom
allowingto provide the contrast between the white
precipitate and the transparent fluidic flow obstacles.
The injection of the different solutions in the
microfluidic device was done with a 5 mL syringe. A
reaction period of 24 h followed. Photographs were
taken periodically during the process and analysed using
digital tools.

a)

&ůƵŝĚĨůŽǁ

b)

Fig. 6. Choice of the color interval having as reference areas:
a) without precipitate; b) with precipitate.

Considering data from Table 2, it is worth to note
that, for the percentage of feeding solution of 10%, the
intensity information was influenced by the presence of
gas bubbles dispersed in the system, and for this reason
an additional intensity correction had to be done.
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Figure 7 presents the pixels count resulting from the
different experiments. In the presence of enzyme, the
amount of precipitate was proportional to that of the
concentrations used, considering the increasing
percentages of volume of feeding solution (except 10%).
The curves found for 10% and 100% of feeding solution
(no enzyme used) are out of the alignment, the first case
due to the interference of air bubbles, leading to different
calibration constants, and the second case probably due
to the different nature of the precipitate, as also shown in
Figure 2.

This work was partially funded by CERIS, project BIOCLOG
and FCT project PTDC/ECI-EGC/32590/2017.
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Fig. 8. Time lapse of unprocessed (top) and processed images (bottom) for 15 mg/ml urease + 86% feeding solution experiment.
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