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The current method for detecting the waterborne parasite
Giardia lamblia is tedious and requires a preconcentration
step. We show for the first time a piezoelectric-excited millimeter-
sized cantilever (PEMC) biosensor immobilized with a
monoclonal antibody against G. lamblia that exhibits selective
and sensitive detection of G. lamblia cysts in several water
matrixes (buffer, tap, and river water) at a detection limit of 1-10
cysts/mL without a preconcentration step. The PEMC sensor
is a resonance-based device that functions at a high-order mode
near 1 MHz. The antibody-immobilized sensor was exposed
to 1-10,000 G. lamblia cysts/mL samples in a flow arrangement.
When the cysts bind to the antibody on the sensor, the
resonant frequency of the cantilever sensor decreases and is
recorded continuously. Positive confirmation of sensor
detection responses was obtained by environmental scanning
electron microscope of sensor surface after detection
experiments. Higher sample flow rates (0.5-5.0 mL/min) gave
higher sensor detection response. Detecting as few as 10
cysts per mL was achieved in all three water matrixes tested,
and significant sensor response was obtained in 15 min.
We also show the feasibility of analyzing at a low concentration
of 1 cyst/mL in a one liter sample at a high flow rate of 5 mL/
min.

1. Introduction
Giardia lamblia is a flagellated enteric protozoan parasite
and a causative agent of human giardiasis (1). Giardiasis
causes acute or chronic diarrhea, asymptomatic illness and
severe malabsorption resulting in weight loss, and is fre-
quently implicated in waterborne outbreaks. Infection occurs
by ingestion of G. lamblia cysts present in contaminated
water and food, or by fecal-oral route (2). Together with
Cryptosporidium, Giardia has been classified as one of the
important pathogens in the WHO Neglected Disease Initiative
(3). Since ingestion of as few as ten cysts may cause giardiasis,
there is a great need for a sensitive method for detecting and
monitoring G. lamblia in source and finished drinking water
samples.

U.S. Environmental Protection Agency (EPA) established
Method 1623 for detection of both Cryptosporidium and
Giardia simultaneously. This method requires filtration of a
large water sample, followed by immunomagnetic capture
and separation, and subsequent immunofluorescence label-

ing and microscopic enumeration (4). To reduce time of
analysis, alternate methods such as polymerase chain reac-
tion (PCR) and enzyme-linked immunosorbent assay (ELISA)
have been investigated (5–8). Although PCR is extremely
sensitive (1-10 cysts), it requires a preconcentration step
following the filtration step. ELISA, on the other hand, exhibits
poor sensitivity (104 to 105 cysts). Although several advanced
methods have been investigated for G. lamblia detection,
they are either tedious or exhibit poor sensitivity (9–11). On
the other hand, cantilever biosensors have exhibited high
sensitivity and selectivity for pathogen detection (12, 13).
Since they are responsive to mass-change at femtogram levels
in liquid, we examine the applicability of the cantilever
sensors for detecting Giardia cysts. Unlike bacterial patho-
gens the cysts are large, and no antibody-based biosensor
method has been reported for G. lamblia detection. This we
believe is in part due to their size as it is considerably larger
(∼10 µm) than bacterial pathogens (∼1 µm). While quartz
crystal microbalance (QCM) and similar resonators have been
found to exhibit sensitivity at nanogram levels for molecules,
they exhibit poor detection limit for Cryptosporidium parvum
(105 oocysts/mL) which is larger (∼3 µm) than a bacterium,
but smaller than Giardia (14). In our earlier work we showed
piezoelectric-excited millimeter-sized cantilever (PEMC)
sensor was sensitive and showed detection of C. parvum at
100 oocysts/mL in clean buffers (15). In this paper, we
examine if antibody-immobilized PEMC sensors exhibit
detection sensitivity at a much lower concentration of G.
lamblia cysts in practical water matrixes of tap water and
river water. We also show successful detection of cysts in 1
L samples at a flow rate of 5.0 mL/min. The latter is significant
as most biosensor assays are carried out at low flow rates;
for example, surface plasmon resonance (SPR) and QCM
operate typically at 10-100 µL/min. Studies on high flow
rate detection with biosensors are few. In one study with 55
MHz QCM for protein detection flow rate was found to give
a larger overall sensor response (16). Higher flow rate sensing
is advantageous because a larger sample volume can be
analyzed without a preconcentration step.

2. Experimental Section
2.1. PEMC Sensor. PEMC sensor is a cantilever sensor that
measures mass-change by change in resonant frequency. It
is composed of a PZT layer and a glass layer. A detailed
description of cantilever physics can be found in (17). For
cantilever biosensors that operate in resonant (dynamic)
mode, resonant frequency decrease is caused by binding of
cysts to antibody-immobilized cantilever surface.

2.2. Experimental Details. Detailed materials and meth-
ods are provided in the Supporting Information (SI). Briefly,
fabricated sensors were gold coated, incubated sequentially
in cysteamine and glutaraldehyde, and then installed in a
custom-made flow cell connected to running buffer and
sample reservoirs (flow apparatus schematic is given in SI
Figure S1) (18). Resonant frequency of the sensor was
monitored continuously. Antibody against Giardia was
circulated across the sensor until immobilization on sensor
was complete as indicated by its resonant frequency reaching
a constant value. Subsequently, samples containing known
G. lamblia cysts were injected into the flow loop in
recirculation mode until resonant frequency reached a new
steady state following a detection response. Tap water was
obtained locally and river surface water was collected from
the Schuylkill River near 30th and Market St. in Philadelphia,
PA. Both water samples were used as collected without any
filtration or treatment.
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3. Results and Discussion
3.1. Sensor Characteristics. A set of PEMC sensors (m) 10)
with similar spectral property was used in the detection
experiments. All sensors were fabricated with exposed
dimensions of 2.0 × 1.0 mm glass layer and 2.7 × 1.0 mm
(l × w) PZT layer. They exhibited a dominant resonant mode
in the 920-950 kHz frequency range. All sensors showed
similar frequency shift for air-to-water transition of 64.50 (
5.50 kHz, and we interpret this response as an approximate
measure of sensitivity to mass-change.

The frequency spectrum of a typical PEMC sensor in air
and in flow cell at 5.0 mL/min is given in Figure S2. The
sensor exhibited resonant frequency at 930.75 kHz in air and
869.25 kHz in liquid, which is a frequency shift ∆f ) 61.50
kHz. Quality factor (Q-factor, a measure of peak shape) of
the sensor decreased from 31 in air to 26 in liquid, and is a
modest decrease of ∼16%. The robustness of Q-factor in
liquid renders the PEMC sensor an effective device for direct
in-liquid application and measurement. Since we examine
in this paper flow rate effects on sensor response to cyst
binding, we first investigated the effects of flow rate on sensor
resonant frequency dynamics. In this case, an unfunction-
alized sensor was installed in the flow apparatus and the
flow rate was changed from 0.8 to 5.0 mL/min. At this flow
rate the average velocity in the flow cell was 0.46 cm/s and
the flow was laminar at a Reynolds number of 22. The
resonant frequency decreased by ∼200 Hz in an almost step-
like manner and then stabilized rapidly at the new higher
flow rate of 5.0 mL/min (see Figure S2). The noise level of
measured sensor resonant frequency increased from (10 to
(38 Hz following the flow rate increase. The Q-factor did not
change (<2%) when flow rate was changed from 0.8 to 5.0
mL/min. The data in Figure S2 show that continuous
monitoring of resonant frequency at 5.0 mL/min in the flow
cell was feasible. Stability of sensor resonant frequency at
such a high flow velocity indicates the robustness of the sensor
and is an attractive characteristic of PEMC sensor.

3.2. Sequential Detection Using PEMC Sensor. Sequen-
tial detection experiments to increasing cyst concentration
were first carried out to examine antibody binding affinity
and detection sensitivity for G. lamblia cysts. In Figure 1, we
show a sequential detection experiment conducted at 0.8
mL/min. The gold-coated sensor was functionalized by
incubating in cysteamine and glutaraldehyde, and then was
exposed it to antibody in the flow loop set in recirculation
mode. As can be seen in Figure 1, the resonant frequency
showed a gradual decrease of 575 ( 5 Hz as antibody
immobilization occurred via the surface aldehyde group. After
steady state was reached, indicating completion of antibody
immobilization, various concentration samples of G. lamblia
from 10 to 10,000 cysts/mL were injected into the flow loop
set in recirculation mode. Recirculation was found to be
necessary as a 1 mL sample at 0.8 mL/min did not provide
sufficient time for binding. After each injection sufficient
time was allowed for binding reaction to occur and was
assessed by the sensor resonant frequency reaching a steady
state value. Frequency responses to sequential addition of
increasing number of cystss10, 100, 1,000, and 10,000 gave
frequency shifts of 67, 650, 490, and 360 Hz, respectively.
Addition of a further 10,000 cysts sample gave a modest
frequency decrease of 120 Hz, and the low response may
suggest limitation of available antibody sites on the sensor.
The functionalized sensor surface area was 2 mm2, and if it
were covered entirely with cysts (∼12 µm long and ∼6 µm
wide, see Figure S3), the sensor could accommodate a
maximum of ∼30,000 cysts. The actual number captured by
a sensor is likely to be a fraction of this value due to steric
effects and nonuniform surface antibody distribution. There-
fore a low response for 10,000 cysts after an exposure to
1,110 cysts could be attributed to availability of binding sites.

The infectious dose of G. lamblia cysts has been reported
to be as low as 10-25 cysts (19), which means for a biosensor
to be of practical use, the limit of detection should be less
than 10 cysts. Experiments at 0.8 mL/min showed the
potential for detecting 10 cysts. The response was 81 ( 19
Hz (n ) 5). Compared with the average noise level (18 ( 3
Hz) at 0.8 mL/min, the response to 10 cysts detection
exhibited a signal-to-noise ratio (S/N) of 4.5. Even though
positive response to 10 cysts was obtained, the S/N was
modest for confident screening of samples. To improve the
performance of PEMC sensor for low concentration detection,
we investigated sample flow rate effects on the total sensor
response. Our underlying hypothesis was the sensor response
was limited by cyst transport rate to sensor surface. It is
important to remember that we rely on fluid flow to transport
cysts to the vicinity of sensor surface. The immobilized
antibody does not attract the cysts. Further the cysts have
a limited number of antigenic sites that are responsible for
binding to sensor. Thus their transport to surface may not
be sufficient for binding since we also require the antigenic
sites be accessible to the exposed antibody binding region.
To examine the validity of flow-field hypothesis, a series of
experiments was carried out at a higher flow rate of 2.4 mL/
min which is 3 times the flow rate used in Figure 1. The
sensor responses obtained to separate exposures of low
concentration samples 10-500 cysts given in Figure 2
validates the flow-field hypothesis. Positive control response
with an unfunctionalized (no antibody) sensor exposed to
500 cysts in recirculation showed a small response of 10 (
6 Hz, which is essentially at the noise level. As shown in
Figure 2A, for 10, 50, and 500 cysts, the frequency decreases
were 190, 450, and 790 Hz, respectively. Responses that were
significantly larger than the noise level were observed in the
first 10 min. The S/N for 10 cysts detection was greater than
10, which is an improvement over sensor response at 0.8
mL/min. Repeat experiments (n ) 4) for detecting 10-500
cysts samples were carried out and the average response to
each concentration is shown in Figure 2B. One notes the
sensitivity of the same sensor can be enhanced by flow rate
resulting in improved S/N, and therefore a lower limit of
detection was achieved. To confirm that the PEMC sensor

FIGURE 1. Sequential detection of G. lamblia cysts in PBS at
0.8 mL/min. After sensor was prepared with an exposed
aldehyde group, it was installed in the flow cell with PBS as
running buffer. Anti-Giardia (10 µg/mL) was injected in and the
flow was set in recirculation mode for antibody reaction to
surface aldehyde group. As reaction occurred, resonant
frequency decreased and reached a steady state. After a PBS
rinse step, sequential cysts addition to the flow loop was made
allowing for the sensor to reach steady state following each
addition. Inset shows an expanded response for a 10 cysts
sample.
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response was indeed due to G. lamblia binding to the sensor
surface, the sensor surface was examined in environmental
scanning electron microscope (ESEM) after detection ex-
periments. In Figure S3 we show typical ESEM images of
sensor surface taken after a detection experiment in which
a cumulative exposure to 11,110 cysts had occurred. Attached
cysts were evenly distributed through the 2 mm2 sensor area,
and covered ∼5% of the sensor area.

3.3. Effect of Flow Rate on Sensor Response and
Quantification. Comparing the results in Figures 1 and 2,
one notes the sensor response for the same G. lamblia
concentration depended on the flow rate used. We examined
systematically the effects of flow rate by conducting detection
experiments in the range of 0.5-5.0 mL/min and cysts
concentrations 10-10,000 cysts/mL. Figure 3 shows the
sensor responses to two different G. lamblia concentrations:
500 and 10,000 cysts/mL at flow rates of 0.8, 1.5, and 2.4
mL/min. Samples containing 500 cysts gave progressively
higher responses of 470, 640, and 790 Hz as the flow rate was
increased. Similar experiments with 10,000 cysts gave
responses of 1,210, 1,470 and 2,820 Hz, respectively. At both
concentrations, the magnitude of response to the same
number of cysts increased as the flow rate was increased
from 0.8 to 1.5, and then to 2.4 mL/min. Reports on using
flow rate as a means to improve biosensor response are few.
The likely reason is most biosensor platforms exhibit high
measurement noise at high flow rates due to the limitation
of sensor flow cell design used. Examples are QCM and SPR
which are typically conducted in a flow format at less than
0.1 mL/min. As shown in Figure S2, the PEMC resonant peak
shape remained intact at 5.0 mL/min and the noise in
resonant frequency measurement was (38 Hz. We found
PEMC sensor to be usable at an even higher flow rate of 17
mL/min, but at a much higher measurement noise. Experi-

mentally 5.0 mL/min was used as an intermediate value for
1 L sample study (Section 3.4) at which continuous monitor-
ing of resonant frequency was obtained at reasonable noise
level.

As noted earlier, a group of PEMC sensors with nearly
identical geometry was used in the present study. For a
biosensor to be useful in practical applications, one important
consideration is repeatability of detection responses using
different sensors but of same design. We examined the
response of a set of different sensors to the same G. lamblia
concentration at the same assay condition. In earlier studies,
we observed sensor resonant frequency decrease correlated
with analyte concentration by a log-linear function, (-∆f)
) A Log(C) + B, for the cases of the pathogen Bacillus
anthracis (20), and the toxin staphylococcal enterotoxin B
(21). The term (-∆f) is the steady-state resonant frequency
response and C is the concentration of target analyte exposed
to the sensor. The parameters A and B are sensor constants
which depend on cantilever geometry, antibody-antigen
binding constant, and antibody surface concentration.

To examine whether the same relationship noted above
holds true for G. lamblia, a plot of frequency response to G.
lamblia cysts concentrations ranging from 10 to 12,500 cysts/
mL at three different flow rates (0.5, 0.8, and 2.4 mL/min)
using ten different sensors was prepared, and is given in
Figure 4. Flow rate of 1.5 mL/min was also investigated, but
data are not included here for clarity of presentation. From
the plot we see the frequency response obtained using various
sensors of same geometric design correlated quite well with
log of G. lamblia cysts concentration (n ) 3 for 0.5 mL/min,
n ) 3-5 for 0.8 mL/min, n ) 3-4 for 2.4 mL/min). The

FIGURE 2. (A) Response of the sensor to addition of 1 mL of
sample containing 10, 50, and 500 cysts/mL G. lamblia samples
to the flow loop set in recirculation mode at 2.4 mL/min. (B)
Average frequency responses (n ) 4) to various concentrations
at 2.4 mL/min. Negative control experiments showed responses
of 20 ( 5 Hz (n ) 4). Error bars represent one standard
deviation (n ) 4).

FIGURE 3. Responses of PEMC sensor to (A) 500 cysts and (B)
10,000 cysts at the three flow rates: 0.8, 1.5, and 2.4 mL/min.
Higher flow rate resulted in higher magnitude of sensor
response. Responses to the positive controls (sensor without
antibody) were in the noise level.
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results indicate good repeatability of experiments using a
group of PEMC sensors (m ) 10). The experimental data
were fitted to the log-linear relationship noted above, and
the correlation properties are summarized in Table 1. We
note the correlation coefficient decreased from R2 ) 0.99 at
0.5 mL/min to R2 ) 0.91 at 2.4 mL/min. Also standard
deviation increased with flow rate indicating a higher variance
in sensor response. Figure 4 shows higher flow rate enhanced
transport and binding of G. lamblia to sensor surface quite
significantly. The enhancement in sensor response is seen
in the value of the constant A, which increased from 405.7
to 435.4, 572.3, and 1055.0, for the increasing flow rates of
0.5 to 0.8, 1.5, and 2.4 mL/min, respectively.

3.4. Analysis of 1 L Sample at 5.0 mL/min. After
confirming that a quantitative relationship between sensor
response and G. lamblia concentration correlated well, an
even higher flow rate (5.0 mL/min) was tested in a once-
through flow mode for examining if a large 1 L sample could
be analyzed. The purpose of using higher flow rate is to
explore the possibility of large sample processing in a short
time without a preconcentration step for detection. The
frequency response of the sensor to 1,000 and 10,000 cysts
in 1 L at 5.0 mL/min is given in Figure 5 and compared with
the response obtained at lower flow rates. On an average,
the resonant frequency decreased by 3,800 ( 895 Hz (n )
3) when 1 L of 10 cysts/mL G. lamblia was tested in a once-
through fashion. And the response for 1 L of 1 cysts/mL G.
lamblia was 1,950( 318 Hz (n) 3). The magnitude of sensor
response is larger than the response obtained at lower flow
rates, which is consistent with the trend shown in Figure 4.
Control experiments were carried out with 10,000 cysts with
an unfunctionalized sensor (no antibody, but gold coated)
and the responses were 42 ( 24, 54 ( 36, 58 ( 24, 65 ( 21,
and 194 ( 50 Hz at flow rate of 0.5, 0.8, 1.5, 2.4, and 5.0
mL/min, respectively. The higher response level at 5.0 mL/
min may include some sensor drift as the length of experiment
was longer than 4 h. One notes the sensor responses for
1,000 and 10,000 cysts at 5.0 mL/min are easily distinguishable

from the controls. The tests showed detection feasibility of
1 cyst/mL in a 1 L sample in 4 h at 5.0 mL/min. The data in
Figure 5A can be normalized by considering the arrival rate
of target cysts at the sensor by plotting sensor response against
C · t where C is cyst concentration and t is time. Such a plot
(given in Figure S4) nearly merges the two response profiles
into one suggesting that the binding rate when normalized
for concentration were nearly the same.

The transport of cysts to the sensor surface is the first of
a two-step process that leads to sensor response (22). The
second step is the binding reaction to surface-immobilized
antibody. It is also important to note that a cyst is non-
spherical and thus flow velocity would increase its rotation
which potentially could enhance exposure of binding site to
immobilized antibody on sensor. The transport step is
governed by the flow field in the flow cell. To examine the
reason for higher response at higher flow rate, we examined
two questions. Namely: Is the sample flow velocity sufficient
in the flow cell to carry the cysts to sensor surface?
Qualitatively what is the difference in the flow field at the
two extreme flow rates used (0.5 and 5.0 mL/min)?

Stokes settling velocity of the cysts (assuming average
diameter ) 10 µm, density ) 1.02 g/cm3) is ∼0.000109 cm/s,
and the average velocity of fluid in the flow cell is 0.046-0.46
cm/s for the flow rate range of 0.5-5.0 mL/min. Thus the
flow velocity is far greater than the settling velocity, and we
expect the cyst to follow the fluid flow path through the flow

FIGURE 4. Quantification of sensor response using a group of
PEMC sensors (m ) 10) at the flow rates of 0.5, 0.8, and 2.4 mL/
min. Each data point represents an average of a minimum of
three experiments. Error bars represent one standard deviation
(n ) 3-5).

TABLE 1. Effect of Flow Rate on Sensor Response Correlation
with G. lamblia Concentration

flow rate (mL/min) correlation R2

0.5 (-∆f) ) 405.7 Log(C) - 572.5 0.99
0.8 (-∆f) ) 435.4 Log(C) - 405.9 0.98
1.5 (-∆f) ) 572.3 Log(C) - 573.4 0.92
2.4 (-∆f) ) 1055.0 Log(C) - 1200.9 0.91

FIGURE 5. (A) Detection of 1 cyst/mL and 10 cysts/mL G. lamblia
in 1 L sample at 5.0 mL/min. The 1 L sample containing either
1,000 or 10,000 cysts was introduced into the flow loop in a
once-through mode followed by PBS rinse. Average responses
for 1 and 10 cysts/mL were 1,950 ( 318 Hz and 3,800 ( 895 Hz,
respectively. Control responses with 10,000 cysts were 380 ( 42
Hz. (B) PEMC sensors responses to 1,000 and 10,000 cysts as a
function of flow rate. Once-through mode was used in detection
at 5.0 mL/min, and the others were on a recirculation mode.
Control experiments that exposed unfunctionalized sensor to
10,000 cysts were carried out at various flow rates. Error bars
represent one standard deviation (n ) 3-5).
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cell. To examine the second question, a calculation of the
flow field in the flow cell using 2-D Navier-Stokes equation
was conducted and the resulting flow maps are given in Figure
S5. Finite element simulation (COMSOL Multiphysics, Bos-
ton, MA) at various flow rates from 0.5 to 5.0 mL/min were
analyzed. The significant difference observed in the flow map
was the extent of flow adjacent to the sensor surface at the
two flow rates. The vertical velocities adjacent to sensor were
extracted from the finite element calculation at three
representative sensor surface locations, and are plotted as
a function of distance from the sensor. At a distance of 100
µm from the middle point of the sensor (see Figure S5, point
B), the vertical velocity was 0.044 cm/s at 5.0 mL/min, which
is about 5 times greater than 0.009 cm/s at 0.5 mL/min. A
distance of 100 µm is approximately 10 times the size of
Giardia cysts, and to the first approximation is the region
that the sensor samples. We believe that higher level of
interaction of the sample with the sensor surface increases
the probability of the cysts binding to it. Higher inlet velocity
results in better exposure of G. lamblia cysts to the antibody
on the sensor surface and accounts for the higher sensor
response. Although an even higher flow rate can improve
cysts interaction with the sensor surface, a higher noise level
in resonant frequency occurs which compromises the
measurement. Furthermore, higher flow rate will also cause
higher surface shear stress at the sensor surface which
potentially could dislodge bound cysts or impede binding of
cysts to antibody.

3.5. Detection of G. lamblia in Tap Water and River
Water. Having established detection feasibility at 1 cyst/mL
in buffer background, we examined if similar sensitivity can
be obtained in practical matrixes, namely tap and river waters.
The first set of experiments was designed to examine if the
tap and river water samples contained any Giardia cysts.
Antibody-immobilized sensors exposed to 50 mL of tap/river
water in a once-through mode after stabilization in DI water
showed no detectable response, which verified that no cysts
were present in the tap/river water tested. Negative controls
in PBS, tap, and river water with antibody-immobilized
sensors exposed to the three water samples showed 15 ( 6,
20(5, and 39(9 Hz response, respectively. Positive controls
with unfunctionalized sensors exposed to 10,000 cysts spiked
in the three water matrixes set in recirculation mode gave
responses of 20 ( 5, 18 ( 8, and 45 ( 12 Hz, respectively
(data not plotted). Sensors for detection experiments were
functionalized with anti-G. lamblia and installed in flow cell
with tap water or river water as running buffer. We used a
flow rate of 2.4 mL/min as it gave low noise response, as
seen in Figure 3. Spiked water samples containing 10-10,000
cysts were added to the flow loop following the same
procedure as with the PBS samples. The results, summarized
in Figure 6, show the response in tap water was 4-20% lower
than in PBS and the response to river water samples was
20-47% lower at the concentrations tested. The control
experiments verified that the positive responses to spiked
samples were due to the cysts binding to sensor surface. We
believe the lower sensor response compared to buffer samples
is due to the interference of both biological and nonbiological
matters in the sample matrix. Masking of binding sites of
immobilized antibodies by organic molecules such as humic
and fulvic acids in river water has been suggested in the
literature (14). It is equally likely that antigenic sites on the
cyst may weakly adsorb extraneous matter rendering then
unrecognizable by surface-immobilized antibody. We believe
the latter to be the dominant mechanism as our work on
urine and serum samples show that proteinous matter in the
sample matrix does not adsorb on PEMC sensors that are at
resonance in a flow field (23, 24). However antigen-spiked
samples did give a lower sensor response as we have found
in the present study. Another factor that may also contribute

to lower sensor response is the pH at which detection was
carried out. The pH of tap and river waters was 6.7 ( 0.1 and
6.9 ( 0.1, respectively, and are lower than 7.4 at which the
PBS experiments were conducted. In any case, the sensor
exhibited sensitivity for detecting 10 cysts in tap and river
water background. In practical situations, tap or river water
samples can be diluted in PBS prior to detection for offsetting
the observed reduction in sensor response. Since sample
volume is not a limitation, detection sensitivity would not
be compromised, but assay time will be lengthened.
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