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A Method and Device for Concentrating Particles in A Fluid Sample 

Field of Invention 

The invention relates to a method and device for concentrating particles in a fluid sample, and 

in particular, to a method and device for filtering and concentrating particles of interest in a 

fluid sample. 

Background 

There is a wide range of microbial species in drinking water that cause fatal outbreaks, 

including viruses, bacteria, protozoa and other particulates [1]. A fundamental limiting factor in 

the detection and quantification of these microorganism particles in drinking water is the very 

small number of each organism present and the interference between these microbial species. 

Therefore, in most detection techniques, preconcentration and filtration are essential prior to 

detection and quantification. A preconcentrator is a device which collects target samples 

(typically particles) from a fluid and ejects them on command to the next stage of treatment 

(e.g. detection and analysis) at a much higher concentration. 

A consequence of this multi-step approach is that while there have been revolutionary 

developments in other steps of water testing (such as pathogen detection and quantification), the 

step of preconcentration and filtration remains a bottleneck of the whole process—if the target 

samples cannot be satisfactorily concentrated. This is especially important for developing a new 

generation of real-time on-chip detection systems in which only a small volume of water 

sample is employed. Without preconcentration, microorganism particles cannot be detected due 

to their low concentration. On the other hand, without a filtration or fractionation process, 

micro-sized microbials may clog the microchannel used to detect nano-sized biocontaminants 

and lead to the failure of the detection system. Therefore, the preconcentration and fractionation 

of microorganism particles are critical steps to facilitate the applied detection techniques. 

Current preconcentration and fractionation techniques available are targeted at a specific 

category of biocontaminants. For protozoan parasites with size ranging from 3-65 jxm, 

preconcentration is performed via membrane filtration with pore size of 2 (im [2, 3]. However, 
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current available commercial filters have a low recovery rate (the ratio of the proportion of the 

particles of the sample collected after the preconcentration procedures as compared to before, 

which is typically expressed as a percentage of the initial value) ranging from 30-60 %. In 

addition, the low porosity of the filters (10-25%) also leads to the low throughput of this 

technique. For bacteria, membrane filtration is commonly used for preconcentration and liquid 

culturing is employed for enrichment. Similarly, the membrane filtration technique has the 

limitations of low recovery rate and low throughput. Furthermore, the step of liquid culturing 

typically requires 1 -2 days which slows down the overall detection cycle. The techniques for 

viral elution and enrichment suffer from the same limitations. 

Other known techniques such as immunomagnetic separation [4, 5], gradient centrifugation [6, 

7] and flow cytometry [8, 9] also have their own limitations as explained below. 

A direct immunomagnetic separation technique requires the incubation of antibody-coated 

magnetic beads in the water sample. Targeted organisms are bound to the magnetic beads and 

separated from the rest of the suspension as a result of magnetic force. Accordingly, the 

efficiency of this technique is limited by the specificity and affinity of the antibody and the 

turbidity of water sample. 

In gradient centrifugation, microbials are separated according to their specific densities. The 

recovery rate is low (30-40%) and only a relatively small sample volume can be processed. 

Although flow cytometry has better sensitivity and specificity, it requires trained personnel to 

prepare the sample and operate the instrument. Furthermore, it has high operating and capital 

costs which has limited its use in water quality monitoring industry. 

Therefore, there is a need for an improved method and system for particle concentration 

(especially preconcentration of water samples for quality monitoring purposes) with a high 

recovery rate, high throughput and high accuracy in fractionation. 

Summary of Invention 

According to a first aspect, there is provided a microfluidic device comprising: 

a chamber, wherein the chamber has a filtering unit defining a first compartment and a second 

compartment, the first compartment being in fluid communication with the second 
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compartment and being for receiving a fluid sample containing particles, the filtering unit being 

configured to selectively retain particles of the fluid sample based on a size of the particles, at a 

sub-region of the first compartment as the fluid sample flows from the first compartment to the 

second compartment; and 

an acoustic transducer configured to generate acoustic waves in the sub-region to disperse the 

particles. 

By providing an acoustic transducer, acoustic waves can be generated to transmit energy to the 

fluid thereby agitating the fluid and particles at the sub-region to disperse the particles. This 

improves the recovery rate, concentration ratio and overall efficiency of the whole process. 

Firstly, the dispersal of the particles inhibits the filtration unit from being blocked. Secondly, at 

a time when the concentrated particles are to be extracted from the device (which is typically 

performed by creating a fluid flow from the second compartment to the first, a "backflush"), the 

acoustic waves detach the particles from the filtration unit. 

Typically, the acoustic transducer is configured to generate acoustic waves in the sub-region to 

disperse the particles at a time when the fluid sample flows from the first compartment to the 

second compartment. This is advantageous since it would prevent the agglomeration of the 

particles and/or attachment of the particles to the filtering unit during the filtration/filtering 

process. 

Alternatively or additionally, the acoustic transducer is configured to generate acoustic waves 

in the sub-region to disperse the retained particles upon a backflush of a fluid from the second 

compartment to the first compartment. In another embodiment, instead of creating a backflush 

by pumping fluid from the outlet, particles are collected by sucking the fluid (which contains 

the trapped particles) from the inlet. In both cases, the acoustic waves may be generated 

acoustic waves in the sub-region to disperse the retained particles prior to and/or during particle 

collection process. 

This effectively disperses the retained particles near the filtering unit to reduce agglomeration 

of the particles and facilitates the detachment of the particles from the filtering unit for particles 

collection. 

In one example, the acoustic transducer is an ultrasound transducer. 

In one embodiment, the filtering unit comprises one or more projections extending into an 

interior space of the chamber. Typically, a plurality of projections are formed in a row 
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perpendicular to a direction from the first compartment to the second compartment. This 

arrangement is advantageous because it helps increase the recovery rate. Recovery rate refers to 

the number of the particles collected after the concentration procedures (typically collected after 

the backflush) as compared to the initial number of the particles. The recovery rate is typically 

expressed as a percentage of the initial value. In addition, neighboring projections of the 

plurality of projections are separated by a gap. The gap has a neck defining the size of the 

largest particle which can pass through the filtering unit. The filtering unit can be easily 

obtained using standard lithographic techniques. 

Preferably, the projections have longitudinal symmetry, such as in the direction transverse to 

the direction from the first compartment to the second. 

In one embodiment, the projections are cuboid. 

Optionally, a size of a cross-section of the projections, which is perpendicular to the direction 

from the first compartment to the second compartment, varies along the direction from the first 

compartment to the second. 

Preferably, the gap between the neighboring projections widens towards the second 

compartment. In other words, the area of the cross-section decreases in that direction. This 

reduces the fluidic resistance experienced by the sample when it flows from the first to the 

second compartment while maintaining the ability of the filtering unit to effectively block 

particles exceeding a certain size. Advantageously, this reduces the likelihood of device failure 

as a result of the increased pressure due to the filtering unit. Furthermore, this increases the 

flow rate of the fluid and therefore improves the efficiency of the filtering and/or concentration 

process. 

In one embodiment, the microfluidic device is a preconcentrator for preparing water samples 

for water quality monitoring. Typically, the particles are microorganism particles. 

In other embodiments, the microfluidic device can be used for particle sorting (e.g. separating 

particles of different ranges of sizes from each other, rather than or in additional to particle 

concentration. 

According to a second aspect of the invention, there is provided a method of concentrating 

particles in a fluid sample comprising steps of: 
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providing a microfluidic chamber having a first compartment in fluid communication with a 

second compartment; 

introducing the fluid sample into the first compartment of the chamber; 

selectively retaining particles based on a size of the particles, at a sub-region of the first . 

compartment as the fluid sample flows from the first compartment to the second compartment; 

and 

generating acoustic waves in the sub-region to disperse the particles. 

Typically, the method has a further step of collecting the retained particles from the first 

compartment, for example, collecting the particles by creating a backflush in the chamber. 

Typically, the fluid has a much higher particle concentration compared to that of the initial fluid 

sample, and the concentrated fluid may be ejected to the next stage of treatment if required. 

Preferably, the method comprises generating acoustic-waves in the sub-region to disperse the 

particles at a time when the fluid sample flows from the first compartment to the second 

compartment. 

Preferably, the method comprises creating a backflush of a fluid from the second compartment 

to the first compartment and generating acoustic waves to disperse the particles during the 

backflush. 

According to a further aspect of the invention, there is provided a microfluidic device 

comprising: -

a plurality of chambers, said plurality of chambers being in fluid communication, 

wherein each of the plurality of chambers has a filtering unit defining a first 

compartment and a second compartment of the chamber; the first compartment of each 

chamber being in fluid communication with the corresponding second compartment and 

being for receiving a fluid sample containing particles, 

the filtering unit being configured to selectively retain particles of the fluid sample 

based on a size of the particles, at a sub-region of the first compartment as the fluid 

sample flows from the first compartment to the second compartment; and 
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an acoustic transducer module configured to generate acoustic waves in the sub-region of each 

respective chamber to disperse the particles. 

By "about" in relation to a given numerical value, such as for volume, concentration and period 

of time, it is meant to include numerical values within 10% of the specified value. 

Brief Description of the Drawings 

In the drawings, like reference characters generally refer to the same parts throughout the 

different views. The drawings are not necessarily drawn to scale, emphasis instead generally 

being placed upon illustrating the principles of various embodiments. In the following 

description, various embodiments of the invention are described with reference to the following 

drawings. Fig. 1 is a schematic illustration of a microfluidic device according to an embodiment 

of the invention. 

Fig. 2 which is composed of Figs. 2(a) and 2(b), illustrates two exemplary configurations, (a) 

cuboid shape and (b) waterdrop shape, of the projections of the filtering unit. 

Fig. 3 which is composed of Figs. 3(a)-3(d), schematically illustrates how an improved particle 

distribution (as viewed from a cross-section of the microfluidic device) is achieved with the 

presence of acoustic waves in the fluid ((c) and (d)), as compared to when no acoustic 

transducer is present ((a) and (b)). 

Fig. 4 is a schematic illustration of a microfluidic device according to a further embodiment. 

Fig. 5(a) is a photograph showing a top view of the filtering unit of the microfluidic device 

according to an embodiment of the invention. 

Fig. 5(b) is a photograph of a cross-section of the filtering unit as viewed along the line A'-A' 

in Fig. 5(a). 

Fig. 6 shows statistical measurements of the recovery rate for preconcentrating C. parvum 

oocysts in water samples when using an embodiment of the present invention. 

Detailed Description 
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The following detailed description refers to the accompanying drawings that, show, by way of 

illustration, specific details and embodiments in which the invention may be practiced. These 

embodiments are described in sufficient detail to enable those skilled in the art to practice the 

invention. Other embodiments may be utilized and structural changes may be made without 

departing from the scope of the invention. The various embodiments are not necessarily 

mutually exclusive, as some embodiments can be combined with one or more other 

embodiments to form new embodiments. 

Fig. 1 shows a preferred embodiment of the invention. A microfluidic device 10 is provided 

with a chamber 12 for receiving and concentrating a fluid sample containing particles 20. The 

chamber 12 has an inlet 14 for receiving a fluid sample into the chamber 12 and an outlet 16 for 

discharging the sample. In this example, the particles 20 are microorganism particles. 

The chamber 12 has a filtering unit 18 arranged between the inlet 14 and the outlet 16. The 

filtering unit 18 divides the chamber 12 into a first compartment 12a and a second compartment 

12b and allows fluid communication between them. In this example, the filtering unit 18 

divides the chamber 12 into two compartments of the same size. 

The filtering unit 18 has a plurality of projections (or "micropillars") 18a extending up from a 

bottom surface of the chamber 12, and the micropillars 18a are formed in a row disposed across 

a width of the chamber 12. Each micropillar 18a of the array is spaced away from a neighboring 

micropillar 18a thereby leaving gap of between them. The gap defines a neck having a 

predefined distance D which effectively blocks particles which are larger than D (see Fig. 2). In 

this example, the row formed by the micropillars 18a is perpendicular to the direction of fluid 

flow from the first compartment 12a to the second compartment 12b to maximize the recovery 

rate of the particles. 

Fig. 2 shows two examples of the shape and the arrangement of two neighboring micropillars. 

Fig. 2(a) shows two cuboid-shaped micropillars 18a. Since the width of the gap between the 

two micropillars 18a is D, particles 20 with a size larger than D flowing in the microchamber 

12 will be blocked by the array of micropillars 18a. In this example, for a micropillar which is 

at an end of the row (i.e. for a micropillar which is adjacent to a side wall of the chamber 12), 

the distance between the wall of the chamber 12 and the neighboring micropillar 18 is also D. 

Generally, the distance D is no larger than 20 jim. Depending on applications, the distance D 

may be no larger than 10 (j.m, smaller than or equal to 5 (im, or even smaller than 3 jim. 
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Typically, D takes a value between 0.1-20 jam, 0.1-10 |im, 0.5~5 (im or any other ranges of 

size. 

As known to a skilled person in the art, hydraulic resistance describes the difficulty with which 

a fluid can move through a space or fractures. The presence of the micropillar array in the 

chamber obstructs a part of the paths along which the fluid flows, which therefore increases the 

hydraulic resistance and results in a lower flow rate given a constant pressure gradient in the 

chamber. The hydraulic resistance at the gap between two micropillars can be expressed as 

where Z)cff is the effective width of the gap, r/ is the viscosity of the fluid, H and L are the height 

and length of the micropillar, respectively. Deff is the integration of the gap width along the 

length of the micropillar divided by the length, and expressed as 

To reduce the resistance, the micropillar can be made with other shapes such as the waterdrop 

shape as shown in Fig. 2(b), rather than a cuboid shape. In this figure, the micropillars are 

labeled 18a', rather than 18a. By restricting the smallest distance between two neighbouring 

micropillars 18a' to D (in this case, the neck of the gap), the micropillars 18a' can still 

efficiently block particles 20 whose size are larger than D while reducing the resistance 

experienced by the fluid. In other words, the portion of the gap downstream of the neck 

gradually widens towards the second compartment 12b. This in turn enables a higher flow rate 

to be achieved as compared to that of a filtering unit having the cuboid-shaped micropillars of a 

constant gap size of D. For example, for micropillars having a length (L) of 15 (j.m, a width (W) 

of 8 |im, a height (H) of 60 [xm, and the gap (D) of 2 (im (as shown in Figs. 2(a) and (b)), the 

hydraulic resistance between two waterdrop-shaped micropillars 18a'(in Fig. 2(b)) is almost 

100 times lower than that between the two cuboid-shaped micropillars 18a (in Fig. 2(a)). 

In use, the filtering unit selectively retains particles based the size of the particles. In this 

example, the minimum separation or neck D between the two neighboring micropillars 18a or 

18a' defines the maximum size of particles that is able to flow from the first compartment 12a 

to the second compartment 12b. Thus, the fluid together with smaller particles flows to the 

second compartment 12b and to the outlet 16. On the other hand, particles 20 having a size 

L 
(2) 
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larger D are blocked by the array 18 of micropillars. The particles are collected retained and 

accumulated at a sub-region of the first compartment 12a nearby the array 18 of micropillars as 

the fluid sample flows from the first compartment 12a to the second compartment 12b. The 

retained particles are typically collected using a backflush process in which the retained 

particles 20 are flushed out from the inlet 14 by a fluid flow introduced into the outlet 16 as 

shown in FIG. 3b. During a typical backflush process, a small amount of fluid is made to flow 

from a second compartment 12b to a first compartment 12a passing through the filtering unit 18 

thereby moving the particles 20 towards the inlet 14 of the chamber 12b for collection. Note 

that the collected fluid containing the particles 20 will therefore typically have a much higher 

concentration than of the fluid sample prior to running through the chamber 12. The backflush 

process may use the fluid that just emerged from the outlet 16 during the filtration process, or 

any other solutions (e.g. deionized water). The preconcentration factor refers to the ratio of the 

concentration of particles in the final sample solution (typically collected from backflush) ready 

for its next stage treatment and the concentration of particles in the initial fluid sample prior to 

concentration. The preconcentration factor depends on the volume of the chamber 12 of the 

microfluidic device 10, since the minimum volume of concentrated sample is typically the same 

as the volume of the chamber 12. For example, if 1 liter of fluid sample with an initial 

concentration of target particles of 1 particle /mL is run through the chamber having a volume 

of 0.02 mL, the preconcentration factor is up to 50,000. That is, after 1 L of the fluid sample 

flows through the chamber 12 with the filtering unit 18, the blocked particles 20 (i.e. 1000 

particles) are flushed out by introducing 0.02 mL backflush flow into the chamber 12. Thus, the 

particle concentration can be as high as 50 particles !\xL resulting in a preconcentration factor of 

up to 50,000. 

However, in reality, the preconcentration efficiency may be affected by the number of particles. 

In particular, if a large quantity of particles are trapped, they may block the gaps between most 

of the micropillars 18a as shown in Fig. 3(a). In this case, the working flow rate will decrease 

quickly as a result of the increased hydraulic resistance, and the microfluidic device may break 

due to the high pressure. In addition, this may adversely affect the backflush process since the 

particles 20 may adhere or attach to the micropillars 18a (especially under large pressure) and 

the large number of particles 20 may agglomerate thereby hindering the flow of backflush fluid 

to the first compartment 12a. Accordingly, the recovery rate may decrease, (see Fig. 3(b)). 

To overcome this limitation, acoustic waves are generated in the chamber 12 to effectively 

disperse the retained particles 20 near the filtering unit 18 to reduce agglomeration of the 
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particles and facilitate the detachment of the particles from the filtering unit 18 for particle 

collection. The acoustic waves agitate the fluid to induce "acoustic streaming" - a fluid flow 

resulting from the absorption of acoustic energy when an acoustic transducer continuously 

generates acoustic waves [10]. In this embodiment, an ultrasound transducer 22 is provided for 

agitating the fluid in the chamber 12. The acoustic streaming in the chamber 12 has two main 

functions: (1) dispersing the retained particles 20 to prevent or reduce agglomeration (Fig. 

3(c)); (2) assisting the retained particles 20 to detach from the micropillars 18a during the 

backflush process (Fig. 3(d)). The ultrasound transducer 12 may generate localized streaming at 

regions where the particles are retained adjacent to the filtering unit 18. In one example, the 

ultrasound transducer 22 is positioned directly under the micropillars 18a (that is, such that a 

longitudinal axis of the micropillars intercepts the ultrasound transducer 22). In other 

embodiments, the ultrasound transducer 22 may be configured to agitate the fluid in other 

regions of the chamber 12 to disperse the retained particles 20 near the filtering unit 18. One or 

more ultrasound transducers may be used. A skilled person would also appreciate that other 

types of acoustic transducer may be used to agitate the fluid and generate "streaming" as 

appropriate. 

The microfluidic device is useful for preparing water samples to be tested for biocontaminants, 

for example, for the purpose of monitoring of drinking water quality. In particular, the 

microfluidic device is able to process a large-volume water sample and concentrate waterbome 

pathogens into a much smaller volume of water. However, the device may be used to 

concentrate any other types of particles besides biocontaiminants or waterborne pathogens. A 

skilled person would appreciate that the device would work for any target particles and is also 

suitable for (or may be adapted for) concentrating target particles in other types of fluids, such 

as groundwater, wastewater, gas and oil. Generally, the length of the chamber (i.e. in the 

direction of from the first compartment to the second) may vary from 0.1-10 cm, 0.5-8 cm or 

1-4.5 cm. The width of the chamber (i.e. in a direction transverse to the length direction) may 

be 0.1-10 cm, 0.5-5 cm or 0.7-3 cm. The height of the chamber (i.e. in the direction of the 

longitudinal axis of the micropillars) may be 1-300 jim, 5-200 (im, or 7-100 jxm. A skilled 

person would appreciate that the exact dimension of microfluidic device may vary or be 

adapted, for example, for specific purposes. Typically, the dimension of the microfluidic device 

with a single chamber is about 1-5 cm in length, 1-3 cm in width, and 10-100 jim in height. 

Furthermore, the device may be used for concentrating particles of different sizes or species 

(since different species may have very different sizes) of particles in a fluid sample. 
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In one embodiment, as illustrated by Fig. 4, the microfluidic device 100 has four chambers 112, 

212, 312, 412 for processing the fluid sample in parallel to speed up the concentration process. 

Each of the four chambers 112, 212, 312, 412 is in serial connection with each of another four 

chambers 512, 612, 712, 812, respectively. Each of the chambers may be the chamber 12 as 

described above. Each of the chambers 112, 212, 312, 412 has a respective inlet 114 and a 

respective outlet 116. Each of the chambers 512, 612, 712, 812 has a respective outlet 116 and 

each of them shares the inlet 114 of the respective chambers 112, 212, 312, 412. This again 

allows the fluid sample to be processed in parallel therefore speeding up the concentration 

process. 

In another mode of use, a part of the respective inlet 114 may serve as an outlet for the 

respective chambers 512, 612, 712, 812 (and the fluid sample will be introduced into the outlet 

116 of the chamber 512 and be configured to flow in the direction from chamber 512 to 

chamber 112). In this case, the respective chambers 512, 612, 712, 812 are configured to be in 

fluid communication in series with chambers 112, 212, 312, 412, respectively. In this case, one 

or more valves are typically included between chambers 112, 512 to control the flow of fluid 

through the inlet 114, for example, from chamber 512 to chamber 112 or the reverse. The valve 

may be provided within the inlet 114 itself. In this way, during a backflush, the valve between 

the two chambers 112, 512 is closed to allow the smaller particles to be stopped and collected at 

the inlet 116, instead of allowing them to flow back to the chamber 112. In use, the fluid may 

be made to flow from chamber 112 to chamber 512 to sort particles of different sizes. For 

example, a filtering unit of chamber 512 can be made to retain particles of a smaller size than 

those retained by a filtering unit of chamber 112 . 

In a further embodiment, the device has more than two chambers connected in series with each 

chamber having a filtering unit for retaining particles of a different size (for example, by having 

arrays of micropillars of different gap sizes) for sorting particles based on particle size. 

The microfluidic device 100 may further have a ninth chamber 912 arranged in the center of the 

microfluidic device 100 located adjacent to the chambers 212, 312, 512, 612. Similarly, the 

ninth chamber 912 has an inlet 914 and an outlet 916 and a filtering unit across a width of the 

chamber 912. The chamber 912 and the other eight chambers described previously can be made 

to be in fluid communication via an external connector, such as by tubing with or without 

valves, such that the collected fluid (typically the concentrated fluid containing the target 

particles (i.e. the blocked particles)) from a "first-stage" chamber such as chambers 112, 212, 

312, 412, 512, 612, 712, 812 can be introduced into a "second-stage" chamber 912 to perform a 
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further round of concentration, if necessary. Of course, fluid sample which exits from the outlet 

116 of the chamber 112 could also be introduced into the chamber 912 for particle sorting, if 

the filtering unit of chamber 912 is configured to block smaller particles than that of the 

chamber 112. 

In the examples above, an acoustic transducer module (not shown) is provided for generating 

acoustic waves in the sub-region of each respective chamber to disperse the particles. It will be 

understood by a skilled person that there could be one or more acoustic transducer configured 

to generating acoustic waves thereby inducing streaming in each of the individual chambers or 

the plurality of chambers shares one or more acoustic transducers. 

Each of the first stage chambers may have a higher volume than the corresponding second stage 

chamber (if there are more than one second stage chambers). According to a particular example, 

each of the first stage chambers 112, 212, 312, 412, 512, 612, 712, 812 has a volume of 0.2 mL 

and the second stage chamber has a volume of 0.08 mL. 

It will be appreciated by persons skilled in the art that the present invention may also include 

further variations. For example, the acoustic transducers may or may not be physically attached 

to the microfluidic device to agitate the fluid in the chamber. For another example, the device 

may be provided with any number of chambers (be it first stage chambers or second stage 

chambers), not limited to the embodiments described above. In another embodiment, not all 

micropillars have an identical shape and/or identical gaps sizes between them. For a further 

example, the filtering unit may also have more them one row of micropillars. For yet a further 

example, the filtering unit may have a meshed or porous structure (the filtering unit 18 may 

contain any form of elements which defines an array of apertures), instead of being an array of 

micropillars. Each of the apertures has a minimal dimension D (in the case of array of 

micropillars, the "neck") defining the size of the largest spherical particle which can pass 

through the filtering unit. The minimal dimension defined by each of the apertures is typically 

no larger than 20 |j.m. Depending on applications, the minimal dimension may be smaller than 

10 jj,m, smaller than 5 (im, or even smaller than 3 (im. 

The microfluidic device may be fabricated from a silicon wafer using standard lithography 

processes, including oxide deposition, resist deposition, photolithography and development. In 

particular, the chamber may be formed by bonding two pieces of wafers together. In this 

example, a silicon wafer was used and various components of the chamber (e.g. the filtering 

unit, inlet, outlet, etc) were patterned by selectively etching portion of the wafer by a predefined 
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depth, for example, a depth of 60 (j.m. Inlet and outlet holes were formed on a piece of glass 

wafer (Pyrex 7740) adapted to communicate with the inlet and outlet of the chamber when 

assembled. The holes can be formed by drilling, for example. Finally, the chamber is formed by 

applying thermal bonding to the patterned silicon wafer and the drilled glass wafer. 

Figs. 5(a) and 5(b) show the configuration and dimension of a filtering unit comprising an array 

of micropillars fabricated on a silicon wafer according to a particular example. As shown, each 

of the micropillars 18a has a waterdrop shape when viewed from the top. That is, a cross-

section of the micropillar 18a has a waterdrop shape parallel to a major surface (such as the 

bottom surface) of the chamber 12. 

In one example, the targeted particle is C. parvum oocyst (whose diameter ranges from 4 to 6 

|j.m) and the gap between micropillars is set to 2.5 |j.m. The micropillars are formed in a one 

dimensional array (e.g. a row) with the same gap width between every two neighboring 

micropillars. In this example, the distance between a side wall of the chamber and its nearest 

micropillar is also 2.5 p.m. A skilled person would appreciate that the distance may vary 

depending on specific applications. Typically, the range of the distance D is about 0.5-5 (j.m or 

0.5-3 (am for the application of preconcentration of water samples. 

In the embodiment shown in Fig. 3, the ultrasound transducer 22 is attached to an outer surface 

of the bottom wall of the chamber 12 and is placed directly below the row of micropillars 18. A 

typical working peak-to-peak voltage of the ultrasound transducer is 300 V, which generates 

acoustic wave with a frequency of 360 KHz in the chamber 12. The power and frequency of the 

acoustic wave generated should be high enough to disperse the particles without damaging the 

microfluidic device such as the micropillars. Typically, the power is about 1-5 W, and the 

frequency is about 300 KHz. As explained earlier, the suspension or dispersal of particles is 

caused by the acoustic streaming, which is a fluid flow generated by the attenuation of an 

acoustic wave. As will be appreciated by a skilled person, streaming flows may vary greatly 

depending on the mechanism behind the attenuation of the acoustic wave, including viscosity of 

fluid, geometry and dimension of the chamber [10]. The suspending particles move due to the 

drag force induced by the acoustic streaming, which depends on the particle size and viscosity 

of fluid. A skilled person in the field would be able to determine the parameters of the acoustic 

waves by calculations and/or routine experiments. 

Examples 
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To perform preconcentration of a water sample using the device 100, 100 C. parvum oocysts 

are suspended in 10 L tap water and injected into the first stage chambers 112, 212, 312, 412, 

512, 612, 712, 812 using a peristaltic pump (Masterflex, USA) with a flow rate of 500 mL/min. 

After 20 mins, all samples flow through the first stage chambers 112, 212, 312, 412, 512, 612, 

712, 812 then the pump reverses its rotational direction and generates the backflush flow with a 

flow rate of 20 mL/min. The blocked particles are flushed out and collected from the inlets 114 

of the first stage chambers 112, 212, 213, 412, 512, 612, 712, 812. The sample is concentrated 

into 25 mL after the first stage concentration. Thereafter, the concentrated sample is injected 

into the second stage chamber 912 with a flow rate of 5 mL/min. After further round of 

concentration in the second stage chamber 912, the sample volume is reduced into 0.2 mL. 

In the above example, the parallel first stage chambers aim to decrease the processing time of 

large volume water samples. The second stage chamber aims to reduce the final sample volume 

by further concentrating the fluid sample to an even smaller volume. It will be understood that 

when introducing the sample into the microfluidic chamber, the flow rate and the volume of the 

fluid sample may be adjusted as desired by a skilled person. Similarly, when dispersing the 

particles during filtration or backflush, the power and frequency of the ultrasound transducer 

can be adjusted as desired by a skilled person. 

In 100 times repeated preconcentration tests, the particle recovery rates are more than 60% in 

90% of the tests as shown in Fig. 6. This has demonstrated the ability of the microfluidic device 

of the invention for large volume water sample preparation. By using the present device, 10 L 

water sample is reduced to be a small quantity solution, i.e. 200 (J.L, in 20 mins. The particle 

recovery rate is more than 60% in 90% of the tests. 
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Claims 

1. A microfluidic device comprising: 

a chamber, wherein the chamber has a filtering unit defining a first compartment and a second 

compartment, the first compartment being in fluid communication with the second 

compartment and being for receiving a fluid sample containing particles, the filtering unit being 

configured to selectively retain particles of the fluid sample based on a size of the particles, at a 

sub-region of the first compartment as the fluid sample flows from the first compartment to the 

second compartment; and 

an acoustic transducer configured to generate acoustic waves in the sub-region to disperse the 

particles. 

2. The microfluidic device according to claim 1, wherein the filtering unit comprises one 

or more projections extending into an interior space of the chamber. 

3. The microfluidic device according to claim 2, wherein the filtering unit comprises a 

plurality of projections formed in a row perpendicular to a direction from the first compartment 

to the second compartment, neighboring projections of the plurality of projections being 

separated by a gap. 

4. The microfluidic device according to claim 3, wherein the projections have longitudinal 

symmetry. 

5. The microfluidic device according to claim 4, wherein the projections are cuboid. 

6. The microfluidic device according to claim 3 or claim 4, wherein a size of a cross-

section of the projections varies along the direction; said cross-section being perpendicular to 

the direction. 

7. The microfluidic device according to claim 3 or claim 4, wherein the gap between the 

neighboring projections widens towards the second compartment thereby reducing a hydraulic 

resistance of the filtering Unit as the fluid flows from a first compartment to a second 

compartment. 

8. The microfluidic device according to any preceding claim, wherein the acoustic 

transducer is configured to generate acoustic waves in the sub-region to disperse the particles at 

a time when the fluid sample flows from the first compartment to the second compartment. 
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9. The microfluidic device according to any preceding claim, wherein the acoustic 

transducer is configured to generate acoustic waves in the sub-region to disperse the retained 

particles upon a backflush of a fluid from the second compartment to the first compartment. 

10. The microfluidic device according to any preceding claim, wherein the particles 

comprises microorganism particles. 

11. The microfluidic device according to any preceding claim, wherein the acoustic 

transducer is an ultrasound transducer. 

12. A method of concentrating particles in a fluid sample comprising steps, of: 

providing a microfluidic chamber having a first compartment in fluid communication with a 

second compartment; 

introducing the fluid sample into the first compartment of the chamber; 

selectively retaining particles based on a size of the particles, at a sub-region of the first 

compartment as the fluid sample flows from the first compartment to the second compartment; 

and 

generating acoustic waves in the sub-region to disperse the particles. 

13. A method according to claim 12, wherein the method further comprises collecting the 

retained particles from the first compartment. 

14. A method according to claim 12 or claim 13 further comprising generating acoustic 

waves in the sub-region to disperse the particles at a time when the fluid sample flows from the 

first compartment to the second compartment. 

15. A method according to any of claims 12-14 further comprising creating a backflush of a 

fluid from the second compartment to the first compartment and generating acoustic waves to 

disperse the particles during the backflush. 

16. A microfluidic device comprising: 

a plurality of chambers, said plurality of chambers being in fluid communication, 

wherein each of the plurality of chambers has a filtering unit defining a first 

compartment and a second compartment of the chamber; the first compartment of each 
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chamber being in fluid communication with the corresponding second compartment and 

being for receiving a fluid sample containing particles, 

the filtering unit being configured to selectively retain particles of the fluid sample 

based on a size of the particles, at a sub-region of the first compartment as the fluid 

sample flows from the first compartment to the second compartment; and 

an acoustic transducer module configured to generate acoustic waves in the sub-region of each 

respective chamber to disperse the particles. 
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