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Mobile Sensor that Quickly and Selectively 
Measures Ammonia Gas Components in 
Breath

 Osamu Tsuboi      Satoru Momose      Ryozo Takasu

Amid the increasing trend of aging societies across the world, there are now expectations for 
healthcare tailored to individuals that helps to more quickly detect diseases and improve life-
styles to ensure health and longevity for the current generation.  Therefore, it is thought that 
it will be effective to use device technology and information and communications technology 
(ICT) to monitor an index related to the state of the body, easily and continuously in the home, 
clinic, and such like.  We have focused research on diagnostic methods using breath analysis 
to examine the gaseous components of a person’s breath as an indicator of the condition of 
his or her body, and developed a mobile breath sensor.  This paper describes a breath sensor 
system that can selectively measure the concentration of ammonia that is present in every-
one’s exhaled breath.  By applying the ammonia-adsorbing characteristic of copper(I) bromide 
films, we successfully developed a sensor that measures tiny amounts of ammonia in a person’s 
breath at a sensitivity differential that is more than treble that of a gas having other living 
body origins.  By using the sensor device, we have developed a breath sensor system.  As a 
result, it has become possible to continuously and easily examine changes in components of 
the breath in relation to lifestyle without any accompanying pain such as the pain of collecting 
blood, similar to using a clinical thermometer.

1. Introduction
Amid the increasing trend of aging societies 

across the world, both the increase in overall medi-
cal costs and the decrease in work force have become 
serious problems at the state level.  In Japan, costs of 
medical treatment were in excess of 40 trillion yen, cor-
responding to 8% of GDP, in 2013.

Lifestyle diseases such as high blood pressure and 
metabolic syndrome occupy a large percentage of such 
costs because they often lead to other serious diseases, 
and they can cause a large loss to society in both as-
pects of medical cost and work force.  Early detection 
and treatment of lifestyle illnesses are being touted as 
the key to health and longevity for the current genera-
tion.  New healthcare services are requested by using 
information and communications technology (ICT) in-
cluding state-of-the-art devices to solve this issue.

A person’s breath includes many chemical sub-
stances that were in the blood but that evaporated in 
the lungs and were exhaled.  By using breath analy-
sis to measure the concentrations of these gases, the 

objective is to detect specified substances and effec-
tively use that information for the early detection of 
lifestyle diseases, leading to improved lifestyle habits.1)  
Breath analysis is non-invasive.  This means, this tech-
nology makes it possible to avoid the unpleasantness 
of drawing blood while at the same time making it 
easier to study the effects of changes in breath com-
ponents resulting from lifestyle habits, on an ongoing 
basis.

Ammonia in a person’s body is generated by in-
testinal bacterial decomposing nitrogen compounds 
such as proteins and amino acids.  But ammonia is 
converted into urea in the liver and then expelled in 
urine.  Therefore, the concentration of ammonia in the 
breath is kept low if a person is healthy.  Ammonia in 
a person’s breath is said to be correlated both with liver 
metabolism and Helicobacter pylori infection, which 
is a risk factor for stomach cancer.2)  It is reported that 
ammonia has a high possibility of being useful as a 
biomarker because it is increases when a person is tired 
and with aging.
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In this paper, we describe a mobile breath sensor 
that can measure changes in ammonia level caused by 
lifestyle.

2. CuBr: a novel ammonia sensing 
material
A promising research result has reported on lung 

cancer detection using breath analysis and a pat-
tern recognition approach, in which surface-modified 
gold nanoparticles were used as sensing material.2)   
However, this kind of approach can only recognize 
known patterns, and thus unexpected abnormalities 
may be missed.  The authors therefore focused on 
developing a sensing device to detect molecules and 
detect only ammonia, which is included in the breath 
in the order of 100 ppb (Figure 1).

There are many semiconductor materials that 
indicate a response to ammonia.  For example, widely 
used metal-oxide semiconductor gas-sensor devices 
can also detect ammonia.  In these cases, the semi-
conductor devices are used at a high temperature of 
around 300°C to raise the carrier density amount of the 
current flowing in a semiconductor and surface activity.  
Such condition enables the devices to be sensitive to 
ammonia, similar to other kind of gases.

For the molecular recognition approach, however, 

it is ideal if the sensor device detects only ammonia, 
and shows no response to other gases.  From the per-
spective of selectivity to ammonia, the authors chose 
copper(I) bromide (CuBr) as a sensing material.  CuBr is 
known as a selective ammonia-sensing material; its re-
sponse to ammonia is orders of magnitude higher than 
that for other gases.  The difference in response magni-
tude among the gases can be explained by the fact that 
ammonia tends to link up with Cu+ ions and produce 
a complex.  Since CuBr is a p-type semiconductor and 
a solid electrolyte, Cu+ ions in a crystal migrate to the 
surface with exposure to ammonia, and coordinately 
bond to ammonia molecules.  As a result, the carrier 
density in CuBr crystals decreases because of an excess 
negative charge inside the crystals.3)  Accordingly, the 
sensitivity of a CuBr gas-sensor device is expected to 
improve with a decrease in the sensing film’s thickness.

However, the reported sensitivities of CuBr gas-
sensor devices made by known fabrication procedures, 
brominating a Cu film in an aqueous solution of 
copper(II) bromide (CuBr2),4) or sputtering,5) are orders 
of ppm.  This is because it is difficult to fabricate a thin 
and stable CuBr film with ppb orders of sensitivity.

The authors therefore developed a novel proce-
dure to fabricate a CuBr thin film, in which a thin Cu 
film is brominated with a CuBr2 methanol solution.  This 
procedure can fabricate a stable CuBr crystal structure 
because there is no variation in the chemical compo-
sition, unlike that which results from the sputtering 
method. Also, methanol has less affinity to CuBr than 
water. Therefore, stable CuBr films that are hard to be 
exfoliated can be created in the methanol solution 
procedure because smaller crystalline grains can be 
obtained than in the aqueous solution procedure.

The procedure of fabricating a thin CuBr thin-film 
gas-senor device is as follows.
1) On a pair of gold electrodes, a 5 mm square cop-

per film with a thickness of 60 nm is deposited by 
using the vacuum deposition technique.

2) The aforementioned structure is immersed into a 
CuBr2 methanol solution with a concentration of 
0.2 mol/L for 60 s, then washed with pure metha-
nol and dried.  The thickness of the obtained CuBr 
film is approximately 300 nm.

Figure 1
Conceptual image of composition and usage of developed 
technology.
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3. A highly sensitive and highly 
selective ammonia sensor device
Figure 2 shows the appearance and cross-

sectional structure and a cross-sectional scanning 
electron microscope (SEM) image of the CuBr thin-
fi lm gas-sensor device described in section2.  Typical 
responses of the CuBr device to ammonia with vari-
ous concentrations in the atmosphere are indicated in 

Figure 3.  The range of ammonia concentration shown 
in Figure 3 is 100–1,000 ppb (0.1–1 ppm).

As shown in Figure 3, the relationship between 
ammonia concentrations and the device response 
indicates good linearity up to 10 ppb, and this is an 
adequate sensitivity for measuring ammonia concen-
trations in human breath.  Figure 3 also shows that 
the saturation values of the device resistance have a 

Figure 2
Gas sensor device made from CuBr fi lm.
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Figure 3
Typical responses of sensor device to ammonia gas.
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good linearity against ammonia concentrations, sug-
gesting that this adsorption system fi ts to the Langmuir 
model,6) implying that fast measurement using initial 
response is applicable to CuBr thin-fi lm sensor devices.

The measured responses of a CuBr sensor device 
for acetaldehyde, ethanol, acetone and hydrogen 
sulfi de are 0.01%, 0.06%, 0.045 and 1.8% in relative 
values to that for ammonia, respectively.  Generally, 
metal-oxide semiconductor gas-sensor devises show 
responses for these gases around 10% of relative val-
ues to that for ammonia.  In contrast, ammonia causes 
far stronger responses on the CuBr sensor device than 
hydrogen sulfi de and those organic gases, by two digits 
and four digits, respectively.  The aforementioned se-
lectivity of the CuBr sensor device thus means that the 
device can measure only the ammonia concentration 
in human breath substantially, among many gas-phase 
components in the breath.  Especially, this is the fi rst 
case to reveal the possibility of directly measuring am-
monia concentration in human breath, without being 
affected by chemically active hydrogen sulfi de.

4. Quick and easy-to-use sensor system 
for breath
The breath sensor system developed in this work 

is intended to be used easily at home or in the offi ce 
in daily life, not only in medical facilities.  Therefore, in 
order to minimize the user’s burden, we established a 
fast measurement method by using the initial response 
of the gas sensor device mentioned in the previous 
section.  The sensor unit is small and designed to be 
operated by a battery.  Furthermore, it is equipped with 
a Bluetooth low energy (BLE) module to transmit the 
measured data to a smartphone.  In the near future, 
smartphones will connect this breath sensor system to 
a medical cloud, and measurement history manage-
ment and detection of abnormal values are expected to 
be done in the medical cloud.

In order to simplify the operation, we did not use 
complicated operating buttons or a display device in 
the sensor unit.  There is only a power switch on it.  In 
the sensor chamber of the sensor unit, there is a CuBr 
sensor device and three metal oxide semiconductor 
(MOS) gas sensor devices, and sensors for tempera-
ture, humidity, and pressure.  When the power switch 
is turned on, a microcomputer starts to transmit the re-
sistance data of each gas sensor, and the temperature, 

humidity and pressure values to a smartphone every 
second in real time.

The application software installed on the smart-
phone indicates instructions for the user, and receives 
the measured data from the sensor unit.  It also does 
calculations and displays and stores the gas concentra-
tion data.

When tapping the start button in the application 
software, a message appears asking the user to blow 
into the sensor unit.  While a countdown timer of ten 
seconds is indicated, the user blows into the sensor 
unit.  During this process, the microcomputer monitors 
each sensor value.  Since variations between individu-
als in exhaled ammonia concentration are relatively 
large, we used changes in the resistance of the MOS gas 
sensor to check whether the user is blowing properly.

The MOS gas sensor is suitable for this purpose 
because it has a wide sensitivity to many kinds of 
organic compounds contained in the breath.  After 
checking that the user is blowing properly, the software 
calculates the ammonia concentration by using the 
difference in resistance between the CuBr gas sensor 
before and after blowing.  The relationship between 
the resistance change and gas concentration was ex-
amined in the previous section.

Figure 4 shows the prototype of the sensor unit 
and the smartphone when operated.  In the applica-
tion window, the gas concentration is indicated in 
parts-per-billion (ppb).  The standard score based on 
the sampling measurement (to be mentioned in the 

Figure 4
Prototype of breath sensor system.
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next section) is also indicated by color bars; therefore, 
the user can know his or her position among a group.  
All measurement data are stored in the smartphone, 
and the latest ten pieces of data can be recalled.  In the 
near future, the data will be sent to a medical cloud via 
the Internet.

5. Sampling measurement of ammonia 
concentration in breath
We conducted a sampling measurement of am-

monia concentration in the breath of 128 employees 
from our laboratory (the average age of employees 
was 43).  We obtained their consent to the measure-
ment in advance, and their age and past illnesses were 
not examined because this measurement was done 
anonymously.

Figure 5 shows the result of the measurement. 
The measured data have a logarithmic normal distribu-
tion with a median value of 440 ppb, and geometrical 
standard deviation (GSD) is proved as 2.30.  Spanel et 
al. reported that the median value is 833 ppb, and GSD 
is 1.62 based on their measurement on examinees 
aged between 20 and 60.7)  They also reported that the 
concentration distribution shifts depending on the age 
distribution of the sampling group.  Considering the dif-
ference in age distribution between Spanel’s group and 
ours, our measurement result is coherent with Spanel’s. 
Based on the results above, we confirmed that our 
sensing system works properly.

6. Conclusion
In this report, we introduced a mobile breath sen-

sor that can measure the ammonia concentration in 
the breath accurately.  The biggest advantage of breath 
analysis is its ease of use, non-invasiveness and lack 
of accompanying pain like that related to collecting 
blood, though it is worth in principle comparing it with 
a blood examination.

It becomes possible to continuously examine 
changes in ammonia related to lifestyle in real time be-
cause it is possible to measure ammonia quickly with a 
portable device.

The breath sensor will be installed in a smart de-
vice and a wearable device in the future.  In contrast, it 
is difficult to install a conventional large-scale analyzer 
in them.  Moreover, we are aiming to develop an easy 
way to measure the breath also at home and roll out 

new healthcare services on the medical cloud.
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Figure 5
Distribution of measured breath ammonia concentrations.
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