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Abstract: A novel foam-based colorimetric alcohol sensor was developed for the detection of alcohol
in saliva. Detection was based on the color change of a potassium dichromate-sulfuric acid solution
absorbed by melamine foam. In the presence of alcohol, the orange colorimetric sensor changed
color to brown, green and, ultimately, blue, depending on the concentration of alcohol in the sample.
The response of the proposed sensor toward alcohol was linear from 0.10 to 2.5% v/v. The limit
of detection was 0.03% v/v. Alcohol concentration could be determined using the naked eye in
the range of 0.00 to 10% v/v. The developed alcohol sensor presented good operational accuracy
(RSD = 0.30–1.90%, n = 8) and good stability for 21 days when stored at 25 ◦C and 75 days when
stored at 4 ◦C. The results of alcohol detection with the developed sensor showed no significant
difference from the results of spectrophotometric detection at a 95% confidence level (p > 0.05). The
sensor was easy to use, small, inexpensive and portable, enabling drivers to accurately measure their
own blood alcohol level and providing convenient speed in forensic applications.

Keywords: portable alcohol test kit; foam-based colorimetric sensor; rapid roadside testing;
undiluted saliva samples

1. Introduction

Alcohol (ethanol; C2H5OH) is widely used in the medical, chemical and beverage
industries. Alcohol is a popular drink throughout the world [1] but it interferes with
the brain’s communication pathways and can affect the ways in which the brain works,
changing mood, behavior, mental clarity and coordination [2,3]. In 2018, the World Health
Organization (WHO) reported global data on road traffic deaths arising from the con-
sumption of alcohol. It estimated that 5–35% of all reported road deaths involved the
consumption of alcohol. Driving after drinking alcohol also significantly increases the
risk of a crash and the severity of the crash. To reduce the number of road accidents,
many countries have passed driving laws limiting the maximum permitted blood alcohol
concentration (BAC) to 0.05% [4,5]. A BAC of 0.02% can be detected in saliva and this is
helpful in forensic investigations, and in medical and research settings [6–8]. Therefore,
a cost-effective method for the rapid, roadside detection of alcohol in undiluted saliva is
of interest.
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Alcohol concentration has been determined by high-performance liquid chromatog-
raphy (HPLC) [3,9,10], gas chromatography [11–14], mass spectrometry [15,16], electro-
chemistry [17], capillary electrophoresis [18] and Raman spectroscopy [19]. However, these
methods require dedicated instrumentation and the assays are expensive and generate
high volumes of waste [20,21]. Colorimetry has attracted great attention in the field of
sensor development for alcohol determination. Colorimetric sensors are commonly used
in conjunction with spectrophotometry in the quantitative analysis of alcohol [22–24] but
easy-to-use, portable devices have been successfully developed that provide rapid screen-
ing at low cost [20,23,25–29]. Colorimetric sensing using an indicator solution adsorbed on
melamine foam has already been developed and described [11,30,31]. This type of sensor
is ideal for these applications because the response of the foam-based colorimetric sensor
can be followed with the naked eye and a smartphone can be used to analyze the color
change due to alcohol.

In the present work, a simple and portable colorimetric alcohol sensor was developed
for the rapid roadside testing of alcohol in undiluted saliva contained in exhaled air. An
aqueous solution of potassium dichromate presents a reddish orange color when dissolved
in sulfuric acid, which is a strong oxidizer of the dichromate ion (Cr6+). Sulfuric acid
removes alcohol from the exhaled air into the test solution and also provides the necessary
acidic conditions. When this strong oxidizer reacts with alcohol, the dichromate ion (Cr6+)
is reduced to the chromate ion (Cr3+), producing a green color and forming acetic acid.
This innovation for analyzing alcohol in saliva is proposed in response to demands for
alcohol testing in the workplace with a noninvasive device for on-the-spot analysis of
alcohol concentrations in saliva.

2. Materials and Methods
2.1. Chemicals and Apparatus

Potassium dichromate (K2Cr2O7) was from Ajax Finechem (Taren Point, Australia).
Ethanol (C2H5OH) and sulfuric acid (H2SO4) were from Merck (Darmstadt, Germany).
All chemical solutions were prepared using deionized water with resistivity of more than
18.2 MΩ·cm from the BarnsteadTM Easy PureTM II water purification system (Thermo
Scientific TM, Waltham, MA, USA). Melamine foam was from Stronger Intergroup Co.,
Ltd. (Bangkok, Thailand). Working standard alcohol solutions were daily prepared by
diluting a stock standard of ethanol (99%) with ultrapure water in a series of 0.00, 0.10,
0.50, 1.0, 2.5, 5.0, 7.5 and 10% v/v for calibration curve construction. The morphology of
the foam-based colorimetric sensor was characterized using scanning electron microscopy
(SEM, Quanta 400, FEI, Hillsboro, OR, USA). Digital images were recorded with a Digital
Microscope 4.3 LED Screen Display 720P 10X-1000X magnification (Bangkok, Thailand).
Energy-dispersive X-ray fluorescence (EDXRF, Horiba, Japan) was used to analyze the
elements in the foam-based colorimetric sensor. UV–Vis spectrophotometry (T60, PG
Instruments, Lutterworth, UK) and a digital breath alcohol tester (AT600, Beijing, China)
were applied to determine the concentrations of alcohol obtained from the developed
foam-based colorimetric alcohol sensor.

2.2. Preparation of Foam-Based Alcohol Colorimetric Sensor

The foam-based material for the colorimetric sensor was fabricated using cubes of
melamine foam measuring 0.50 × 0.50 × 0.50 cm3. The colorimetric reagent for alcohol
detection was prepared using 0.50 mol L−1 K2Cr2O6 containing 5.0 mol L−1 H2SO4 (opti-
mized concentration). Foam cubes were immersed in the colorimetric reagent for 60 min
and dried in an oven at 70 ◦C for 60 min (Figure 1A). The obtained foam-based colorimetric
alcohol sensors were kept at 4 ◦C until used.
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Figure 1. Procedure for preparation of foam-based colorimetric sensor (A), and colorimetric sensor for detection of alcohol (B).

2.3. RGB Image Processing and Statistical Analysis

The iPhone 6S smartphone (Apple Inc., Los Altos, CA, USA) with a 12-megapixel
camera resolution was used to photograph samples after completion of the colorimetric
reaction. A 2.0 mL colorless polypropylene micro-centrifuge tube with a lid was used as a
sample container. A lab-made accessory constructed with a black acrylic sheet measuring
24 × 29 × 53 cm3 was used to improve the quality and reproducibility of the images
(Figure 1B). All recorded images were automatically analyzed to evaluate RGB intensity
values using the Color Assist application. The original images were digitally analyzed to
return numerical values ranging from 0 to 255 for each channel: red (R), green (G) and blue
(B). The image was then imported for RGB analysis. The RGB values from six test zones
(n = 6) were reported as the mean color intensity. The red (R) channel showed the highest
intensity and therefore the red channel was used to indicate the concentration of alcohol
for the construction of the calibration curve and for alcohol determination.

2.4. Optimization of the Sensing Conditions of Foam-Based Alcohol Colorimetric Sensor

The fabrication and operational conditions of the foam-based colorimetric alcohol
sensor were optimized in terms of the concentrations of colorimetric reagent components
([K2Cr2O6] and [H2SO4]), the adsorption time of the colorimetric reagent on the melamine
foam and the alcohol sample volume. These parameters were optimized to obtain the
best color intensity from the interaction between the colorimetric reagent and alcohol,
and the highest sensitivity of each parameter was considered as the optimal condition.
The sensitivity of each parameter was determined by the slope of the plot between the
color intensity of the foam-based colorimetric sensor and the concentration of alcohol at
concentrations ranging from 0.10 to 1.0% v/v (six replicates for each concentration).

2.5. Method Validation

The performance of the proposed alcohol detection method was evaluated in terms
of linearity, limits of detection (LOD), stability, precision, accuracy and selectivity. The
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relationship between color intensity and alcohol concentration was plotted as a calibration
curve. LOD was calculated based on the intercept of the calibration curve (yB) and the
standard deviation of the blank (SB) from LOD = yB + 3SB [32]. Storage stability was
expressed in terms of the percentage of relative error (%RE) =

[
CA−CB

CB

]
× 100, where

CA is the measured concentration of the analyte in the sample, and CB is the nominal
concentration of the analyte in the sample [33]. Inter-day precision of the sensor was
studied to determine reproducibility, which was evaluated using the relative standard
deviation (%RSD) according to AOAC guidelines [34]. Accuracy was determined in terms
of recovery. The possible interfering species contained in human saliva were used in the
interference study.

2.6. Determination of Alcohol in Saliva Samples

Six saliva samples were obtained from volunteers who had consumed alcohol. One
saliva sample was obtained from sober people. The 30 µL saliva sample without any
pretreatment or diluting was loaded into the foam-based colorimetric alcohol sensor. The
proposed foam-based colorimetric alcohol sensor directly analyzed the amount of alcohol
in the saliva within 3 min under optimal conditions. To check accuracy, the same samples
were analyzed by the spectrophotometric method, and with a digital breath alcohol tester.
The results from the three methods were statistically analyzed by paired-sample t-test
(p > 0.05). The accuracy of the developed foam-based colorimetric alcohol sensor was
evaluated by analyzing known concentrations of alcohol (0.50, 1.0 and 5.0% v/v) in spiked
saliva samples.

3. Results and Discussion
3.1. Design and Characterization of Foam-Based Alcohol Colorimetric Sensor

SEM images of the melamine supporting foam show a porous structure with a pore size
of 296.8± 0.3 µm (Figure 2A). The porous structure of the foam immobilized and entrapped
the colorimetric reagent via hydrogen bonding [35]. Digital images of the supporting foam
before and after adsorption of the colorimetric reagent show a clear white supporting
material before (Figure 2B) and a reddish orange supporting foam after (Figure 2C). The
reddish orange color of the foam was the same as the color of the colorimetric reagent,
indicating that the reagent was well-adsorbed on the supporting foam. To confirm the
adsorption of the colorimetric reagent, EDXRF analysis was employed to characterize the
elemental composition of the foam before and after adsorption. The EDXRF spectrum
of the supporting foam before adsorption of the colorimetric reagent showed only the
elements Si, S and Ca (Figure 2D). After adsorption of the colorimetric reagent, the spectrum
(Figure 2E) showed the elements S, K and Cr, confirming that the colorimetric reagent
containing K2Cr2O6 and H2SO4 was successfully adsorbed on the supporting foam.

3.2. The Choice of Color Channel (RGB Value) Providing the Analytical Signal

To obtain the best sensitivity of the colorimetric assay, the effect of the color detection
mode was evaluated. The RGB color channel values were measured at four concentrations
of alcohol. The intensity of the red color channel was higher than that of the green and blue
color channels (Figure 3A) because the green–blue alcohol colorimetric product absorbed
red light [33]. The maximum absorbance of the colorimetric sensor occurred at roughly
450 nm (Figure 3B). Hence, the red color mode was chosen for the determination of alcohol
concentration since it provided higher sensitivity.
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3.3. Optimization

The sensitivity of the foam-based colorimetric alcohol sensor depended on various
parameters, including the colorimetric reagent concentration, the adsorption time of the col-
orimetric reagent on the supporting foam and the sample volume. To maximize sensitivity,
these parameters were optimized.

3.3.1. Concentration of the Colorimetric Reagent

The colorimetric reagent for alcohol detection was a mixture of potassium dichro-
mate (K2Cr2O6) and sulfuric acid (H2SO4). The mechanism of the reaction between the
colorimetric reagent and alcohol can be explained as follows:

2K2Cr2O7 + 8H2SO4 + 3CH3CH2OH→2Cr2(SO4)3 + 2K2SO4 + 3CH3COOH + 11H2O

Potassium dichromate can be formed as a strong oxidizer of the dichromate ion (Cr6+),
taking a reddish orange color in the presence of sulfuric acid. This strong oxidizer of the
dichromate ion (Cr6+) can be reduced to the chromate ion (Cr3+) by reaction with alcohol,
producing a green color. At the same time, ethanol was oxidized to acetic acid [36]. The
concentrations of potassium dichromate (K2Cr2O6) and sulfuric acid (H2SO4) affected the
color change in the reaction with alcohol.

The effect of the potassium dichromate concentration on sensitivity toward alcohol
was investigated at 0.01, 0.025, 0.05, 0.075, 0.10, 0.25 and 0.50 mol L−1. The highest
sensitivity was obtained at 0.10 mol L−1 (Figure 4A and Supplementary Material Table S1).
Therefore, 0.10 mol L−1 potassium dichromate was used for further study. The effect of
the sulfuric acid concentration was examined at 1.0, 2.5, 5.0 and 7.5 mol L−1 in solution
with 0.10 mol L−1 potassium dichromate (Figure 4B and Supplementary Material Table S2).
Sensitivity increased with increments of sulfuric acid concentration up to 5.0 mol L−1, then
slightly decreased. Based on the parameters that provided the best sensitivity of alcohol
detection, the colorimetric reagent for alcohol detection with the foam-based colorimetric
sensor was prepared with sulfuric acid at 5.0 mol L−1 and potassium dichromate at
0.10 mol L−1.

3.3.2. Adsorption Time of the Colorimetric Reagent by Foam-Based Sensor

The effect of the duration of adsorption of the colorimetric reagent on the supporting
foam was evaluated at 30, 60, 120, 180 and 240 min. The supporting foam was immersed
in the optimized colorimetric reagent and, at 60 min, the sensitivity for alcohol detection
reached a level that remained almost unchanged thereafter (Figure 4C and Supplementary
Material Table S3), due to the saturation of the supporting foam. Therefore, 60 min was
selected for the adsorption of the colorimetric reagent on the supporting foam.

3.3.3. The Loading of Sample Volume

The volume of sample loaded into the foam-based alcohol colorimetric sensor was
optimized at 10, 20, 30, 40, 50 and 60 µL (Figure 4D and Supplementary Material Table S4).
Sensitivity increased with increments of sample volume to 30 µL and then remained stable,
indicating the completion of the reaction between the colorimetric reagent and the alcohol
sample. Hence, a sample volume of 30 µL was applied.



Chemosensors 2021, 9, 334 7 of 13

Chemosensors 2021, 9, x FOR PEER REVIEW 7 of 13 
 

 

 
Figure 4. The effect on the sensitivity of alcohol detection of potassium dichromate concentration (A), sulfuric acid con-
centration (B), adsorption time of colorimetric reagent (C) and sample volume (D). 

3.4. Analytical Future of the Foam-Based Alcohol Colorimetric Sensor 
The analytical performance of the proposed foam-based colorimetric alcohol sensor 

was evaluated in the optimized conditions. The linearity of detection of the developed 
colorimetric sensor toward alcohol was investigated using alcohol concentrations from 
0.00 to 10 % v/v as shown in Figure 5A. The linear response to concentrations from 0.10 to 
2.5 % v/v produced a regression equation of y = (62.2 ± 0.7)x + (10.7 ± 0.8) with a coefficient 
of regression R2 = 0.9949. The response could be observed by the naked eye from 0.00 to 
10 % v/v. Based on the calibration curve, the LOD was calculated to be 0.03 % v/v.  

The reproducibility of the developed sensor was evaluated via inter-day precision 
and reported in terms of RSDs. Eight sensors were prepared on consecutive days under 
the same conditions and each sensor was used to detect alcohol at concentrations of 0.0, 
0.1, 0.5, 1.0 and 5.0 % v/v (Figure 5B). The blank (0.0 % v/v alcohol) produced an RSD of 
0.30 % (n = 8), indicating the consistency of the preparation of the sensor. When each of 
the developed sensors was used to detect alcohol, RSDs of 0.54%, 0.84%, 1.05% and 1.84% 
were obtained at 0.1, 0.5, 1.0 and 5.0 % v/v, respectively. These RSD values are below the 
acceptable values according to AOAC guidelines, which recommend an RSD lower than 
2.70% for 1% of an analyte and 1.90% for 10% of an analyte [34]. The precision of the foam-
based colorimetric alcohol sensor was excellent.  

The storage stability of the developed sensor was investigated by evaluating the sta-
bility of the color intensity of the colorimetric reagent in the supporting foam and the 
stability of colorimetric products after storage at 25 °C (room temperature) and 4 °C. For 
this study, all the foam-based alcohol sensors were prepared on the same day in the same 

Figure 4. The effect on the sensitivity of alcohol detection of potassium dichromate concentration (A), sulfuric acid
concentration (B), adsorption time of colorimetric reagent (C) and sample volume (D).

3.4. Analytical Future of the Foam-Based Alcohol Colorimetric Sensor

The analytical performance of the proposed foam-based colorimetric alcohol sensor
was evaluated in the optimized conditions. The linearity of detection of the developed
colorimetric sensor toward alcohol was investigated using alcohol concentrations from 0.00
to 10% v/v as shown in Figure 5A. The linear response to concentrations from 0.10 to
2.5% v/v produced a regression equation of y = (62.2± 0.7)x + (10.7± 0.8) with a coefficient
of regression R2 = 0.9949. The response could be observed by the naked eye from 0.00 to
10% v/v. Based on the calibration curve, the LOD was calculated to be 0.03% v/v.

The reproducibility of the developed sensor was evaluated via inter-day precision and
reported in terms of RSDs. Eight sensors were prepared on consecutive days under the
same conditions and each sensor was used to detect alcohol at concentrations of 0.0, 0.1,
0.5, 1.0 and 5.0% v/v (Figure 5B). The blank (0.0% v/v alcohol) produced an RSD of 0.30%
(n = 8), indicating the consistency of the preparation of the sensor. When each of the
developed sensors was used to detect alcohol, RSDs of 0.54%, 0.84%, 1.05% and 1.84%
were obtained at 0.1, 0.5, 1.0 and 5.0% v/v, respectively. These RSD values are below the
acceptable values according to AOAC guidelines, which recommend an RSD lower than
2.70% for 1% of an analyte and 1.90% for 10% of an analyte [34]. The precision of the
foam-based colorimetric alcohol sensor was excellent.

The storage stability of the developed sensor was investigated by evaluating the
stability of the color intensity of the colorimetric reagent in the supporting foam and
the stability of colorimetric products after storage at 25 ◦C (room temperature) and 4 ◦C.
For this study, all the foam-based alcohol sensors were prepared on the same day in the
same conditions. We examined the stability of the colorimetric reagent in the developed
foam-based alcohol colorimetric sensor. The colorimetric reagent of sensors stored at 25 ◦C
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exhibited stable color intensities for 21 days (%RE = −0.39), after which the color intensity
decreased, reducing to −40.31% on day 28 (Figure 5C). The colorimetric reagent of sensors
stored at 4 ◦C exhibited stable color intensity for 77 days (%RE = −0.20%), and the color
intensity decreased to 49.05% on day 78. This result indicated that the colorimetric reagent
in the supporting foam remained stable for 21 and 77 days when the sensor was stored at
25 ◦C and 4 ◦C, respectively. In addition, sensors stored at 25 ◦C and 4 ◦C were tested with
freshly prepared standard alcohol (1.0% v/v) (n = 6). After storage at 25 ◦C for 21 days,
the color intensity of the alcohol colorimetric product was reduced by 3.03%, and after
28 days, the color intensity was reduced by 10.64% (Figure 5D). After storage at 4 ◦C for
77 days, color intensity shifted by −4.54%, and after 78 days, by −12.62%. These results
suggested that the developed foam-based colorimetric alcohol sensor exhibited excellent
stability and could be stored until needed for up to 21 days at 25 ◦C and for more than
2 months at 25 ◦C.
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3.5. Interference Study

Since the developed foam-based colorimetric alcohol sensor would be applied to
analyze alcohol levels in the saliva samples of drinkers, it was assessed for tolerance of
the possible inorganic and organic interferences that might be found in saliva samples.
These species included NH4NO3, NaCl, KCl, K2PO4, NH4Cl, NaNO3, urea, sucrose, lactose,
glucose, fructose, galactose, ascorbic acid [37] and different types of alcohol (methanol,
ethanol and propanol). The effect of an interference was indicated by a change of less than
±5% in the color intensity of the foam-based colorimetric alcohol sensor [38]. Figure 6 and
Supplementary Material Table S5 display the effects of interfering species on color intensity.
The highest concentrations of each interference dissolved in water were 1640-fold for
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NH4NO3, 1500-fold for NaCl, 1100-fold for KCl, 1000-fold for urea, 800-fold for KH2PO4,
54-fold for NH4Cl, 34-fold for sucrose and lactose, 18-fold for glucose fructose and galactose,
7-fold for NaNO3 and 2-fold for ascorbic acid. At these concentrations, these substances
induced no perceptible change in color intensity. In the presence of methanol, ethanol
and propanol at 1% v/v, the color intensity of the foam-based colorimetric alcohol sensor
changed but showed the same color intensity as the colorimetric product. However, if the
only alcohol in the saliva was ethanol, methanol and propanol were impossible to detect.
These results confirmed that the developed foam-based colorimetric alcohol sensor could
be applied to detect alcohol by evaluating the ethanol concentration in saliva and good
selectivity could be expected.
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Figure 6. The effect of possible interferences in saliva on the detection of alcohol by the foam-based
colorimetric sensor. The digital color images of the foam-based colorimetric alcohol sensor in the
presence of 1640-fold for NH4NO3, 1500-fold for NaCl, 1100-fold for KCl, 1000-fold for urea, 800-fold
for KH2PO4, 54-fold for NH4Cl, 34-fold for sucrose and lactose, 18-fold for glucose fructose and
galactose, 7-fold for NaNO3 and 2-fold for ascorbic acid.

3.6. Analysis of Alcohol in Saliva Samples

To confirm the applicability of the developed sensor, it was used to detect alcohol
in real saliva samples. The results obtained were compared with the results from a spec-
trophotometric method and a commercial alcohol meter. Six real saliva samples were
obtained from healthy male volunteer drinkers. One sample of saliva was obtained from
sober people. The alcohol concentrations found in real saliva samples from the proposed
sensor, the spectrophotometric method and the commercial alcohol meter are listed in
Table 1. There was no statistically significant difference between results from the proposed
sensor, the spectrophotometric method and the commercial alcohol meter at a 95% con-
fidence level, determined using a paired t-test (p > 0.05). Moreover, the concentration of
alcohol in all saliva samples obtained from the third method showed higher than 0.05%
BAC (0.40% v/v), which is the maximum legal BAC for a driver. These results indicated
that the proposed method was suitable for the quantitative analysis of alcohol in saliva.
To prove the accuracy of the developed foam-based colorimetric alcohol sensor, three
concentrations of alcohol (0.5, 1.0 and 5.0% v/v) were spiked into the saliva samples to
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evaluate the recovery values of the proposed method and the spectrophotometric method.
The results are shown in Table 1. The obtained recoveries from the proposed method and the
spectrophotometric method were in the range of 97.2 ± 0.01 to 101.9 ± 0.08% and 98.2 ± 0.01
to 102.0 ± 0.01%, respectively.

To evaluate the possible appearance of false positives of the developed sensor, the
real saliva sample (saliva 7) obtained from sober people was also tested. The result
shows that saliva obtained from sober people cannot be detected for alcohol by the three
methods, indicating no false positive effect when analyzing the saliva of sober people
by the developed sensor. In addition, to check accuracy, three concentrations of alcohol
(0.50, 1.0 and 5.0% v/v, which are around the legal limit value) were spiked into the
saliva of sober people and detected by the developed sensor and spectrophotometric
method. We found that the recovered values were obtained in the range of 99.3 ± 0.04% to
100.4 ± 0.03% and 98.4 ± 0.03% to 100.1 ± 0.02% for the developed sensor and spec-
trophotometric method, respectively. These results suggest that the proposed colorimetric
sensor is highly accurate and can be applied to the determination of alcohol in real-world
saliva samples.

Table 1. Comparison of results from the determination of alcohol in saliva samples of seven volunteers (n = 6) by the
proposed method, a spectrophotometric method and an alcohol tester. (Note that the legal blood alcohol concentration
(%BAC) for drivers cannot exceed 0.05% [4,5].)

Sample

Foam-Based Alcohol
Colorimetric Sensor (n = 6) %Recovery

Spectrophotometric
Method (n = 3) %Recovery

Alcohol Meter (n = 3)

Found Added Found Added (% v/v) %BAC

Saliva 1 1.31 ± 0.05
0.5 97.2 ± 0.01

1.33 ± 0.05
0.5 100.7 ± 0.02

1.10 ± 0.02 0.15 ± 0.011.0 101.4 ± 0.01 1.0 102.0 ± 0.01
5.0 101.9 ± 0.08 5.0 98.9 ± 0.08

Saliva 2 1.34 ± 0.02
0.5 101.4 ± 0.01

1.30 ± 0.02
0.5 99.9 ± 0.02

1.17 ± 0.03 0.16 ± 0.011.0 98.7 ± 0.02 1.0 99.5 ± 0.03
5.0 99.3 ± 0.07 5.0 100.8 ± 0.06

Saliva 3 0.49 ± 0.03
0.5 98.3 ± 0.01

0.51 ± 0.02
0.5 98.2 ± 0.01

1.03 ± 0.03 0.14 ± 0.011 100.2 ± 0.02 1.0 98.3 ± 0.02
5 101.2 ± 0.04 5.0 99.1 ± 0.04

Saliva 4 1.04 ± 0.01
0.5 101.9 ± 0.01

1.01 ± 0.01
0.5 101.6 ± 0.04

1.10 ± 0.02 0.15 ± 0.01.0 99.8 ± 0.02 1.0 101.1 ± 0.02
5.0 99.8 ± 0.06 5.0 100.0 ± 0.03

Saliva 5 0.35 ± 0.01
0.5 99.4 ± 0.01

0.37 ± 0.01
0.5 99.2 ± 0.01

1.03 ± 0.02 0.14 ± 0.011.0 101.4 ± 0.01 1.0 100.5 ± 0.01
5.0 99.6 ± 0.03 5.0 100.5 ± 0.03

Saliva 6 1.23 ± 0.03
0.5 99.4 ± 0.02

1.26 ± 0.03
0.5 99.2 ± 0.01

1.10 ± 0.01 0.15 ± 0.011.0 101.4 ± 0.01 1.0 101.2 ± 0.01
5.0 99.9 ± 0.04 5.0 100.8 ± 0.03

0.5 100.4 ± 0.03 0.5 99.5 ± 0.01
Saliva 7 * N.D. 1.0 99.8 ± 0.04 N.D. 1.0 100.1 ± 0.02 N.D. N.D.

5.0 99.3 ± 0.04 5.0 98.4 ± 0.03

* Saliva of sober; N.D. = Not detected.

4. Conclusions

A novel foam-based colorimetric alcohol sensor for the detection of alcohol in undi-
luted saliva was successfully constructed using potassium dichromate in sulfuric acid
as a colorimetric reagent. The reddish orange colorimetric reagent changed color when
reacting with alcohol to form a green–blue product. Semi-quantitative analysis of alcohol
in undiluted saliva samples could be performed with the naked eye and a smartphone.
The color intensity of the green–blue product was digitized into RGB values. The response
of the proposed sensor was linear in a concentration range of alcohol from 0.1 to 2.5% v/v
with a coefficient of 0.9945 and showed a LOD of 0.03% v/v. Moreover, it can be observed
by the naked eye in the range of 0.00 to 10% (v/v). The response of a sensor stored at
4 ◦C remained stable for 77 days. The developed sensor successfully detected different
concentrations of alcohol in undiluted saliva from seven volunteers. The advantages of
the foam-based colorimetric sensor compared to a commercial breath alcohol test are as
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follows: one-step detection, no washing step necessary, fast analysis, low sample volume,
simple test procedure, no need for battery-based power sources and low cost. In addition,
our sensor can prevent the spread of illness, as many germs (bacterial and viral) are spread
via breath alcohol tests. When compared to strip tests, our developed sensor could detect
alcohol in the sample without pretreatment and could use an accurate sample volume,
leading to high precision. Additionally, our sensor could also detect alcohol in qualitative
and semi-quantitative analysis by using the naked eye and quantitative analysis using a
smartphone, which covers the legal limit value at 0.05% BAC (0.40% v/v), which is the
maximum legal BAC for a driver. These advantages support the potential of the proposed
foam-based colorimetric sensor in practical applications for the roadside testing of alcohol
in undiluted saliva.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/chemosensors9120334/s1, Table S1: Effect of indicator concentration (n = 6), Table S2: Effect
of sulfuric acid concentration (n = 6), Table S3: Effect of adsorption time (n = 6), Table S4: Effect
of sample volume the reaction (n = 6), Table S5: Effect of potential interferences on the analytical
determination of alcohol (n = 6).
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