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a b s t r a c t

A new inexpensive analytical system to analyze H2S in the exhaled breath is presented. The system is based
on an acoustic wave sensor, employing a piezoelectric quartz crystal with a chemical coating sensitive
to the analyte (triethanolamine). The paper addresses the choice of the quartz crystal coating and of the
adsorbent used in the preconcentration column, as well as the optimization of the crystal cell design,
oscillator and frequency counter. It includes also an extensive study on possible interferences and on
its elimination. The analytical system composed of the H2S sensor, the preconcentration column and
water absorbents, allowed the injection of sample volumes of 400 mL, which made possible to reaching
detection limits of 50 ppb (v/v). This low detection limit, allied to a sensitivity of 85.6 Hz/ppm, was effective
Hydrogen sulphide in discriminating healthy individuals from patients with periodontal disease. H2S levels from 170 ppb (v/v)
to 1625 ppm (v/v) were found in breath samples. All healthy individuals showed levels of H2S lower than
255 ppb (v/v). Patients known to suffer to some kind of gum pathology presented a wide range of H S
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. Introduction

Bad breath is a condition that affects a large number of persons,
ith implications in their social life. Halitosis is the general term
sed to describe any unpleasant odour in the exhaled air, inde-
endently of the odoriferous substances and of their source, which
an be oral or extra-oral. Its occurrence can be a consequence of a
ealth disturbance, which increases the importance of its detection
nd evaluation [1,2].

Halitosis is difficult to assess by the individuals and a simple
on-subjective methodology is needed [2].

The development of an analytical methodology starts with the
nowledge, as complete as possible, of the sample. The inhaled air is
pproximately composed of 78% of nitrogen, 21% of oxygen, 0.96% of
rgon and 0.04% of carbon dioxide, helium, water, and other gases,
hile in the exhaled air oxygen level ranges from 15% to 18%, carbon
ioxide is presented in amounts from 4% to 5%, and water vapour is

round ≈5%. Moreover, other compounds, some with malodour, can
lso be found, in tiny amounts, in the expired air. Among them are
ulphur compounds, which are characteristic of periodontal dis-
ases, like gingivitis and periodontitis, amine compounds, which
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ir, which could only be explained after more extensive clinical evaluation.
© 2008 Elsevier B.V. All rights reserved.

an be associated with hepatic or kidney failure, and acetone, that
ay be present in severe diabetics. Some of these compounds can

e sensed by human nose in concentrations of a few parts per mil-
ion (ppm) or parts per billion (ppb) [2–5]. External agents like
obacco, alcohol, garlic, and spices can be sources of bad breath,
nd mask the presence of compounds with pathologic origin [2].

Fig. 1 shows some of the compounds responsible for bad breath
ssociated with possible pathogenic sources. Among those com-
ounds, hydrogen sulphide possesses a very pungent odour and it

s extremely important as a marker for mouth pathologies. Its mal-
dour can be sensed by human nose in concentrations as small
s 250 ppb (v/v) [1]. The analytical detection of this compound
n such low concentrations is very difficult and organoleptical
xamination by a panel of trained judges is still the reference stan-
ard, although variability between judges is expected. Instrumental
ethodologies demand specific and expensive equipment such as
gas chromatograph (GC) with a flame photometric or sulphur

hemilumenescent detector [1,2]. Not so expensive instruments
alled Halimeters have been developed to measure sulphur gases.
lthough these devices measure the total volatile sulphur com-
ounds in breath, they detect them with different sensitivities and

re sensitive to other compounds that can interfere in the analysis,
uch as water vapour and others present in mouthrinses, alcoholic
everages and smoke. In spite of the fact that Halimeter and GC
easurements positively correlate, GC continues to be the method

f choice, whenever accurate and precise results are required [2,6].

http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
mailto:mtgomes@ua.pt
dx.doi.org/10.1016/j.snb.2008.10.037
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Fig. 1. Some of the most important compo

The aim of this work was to develop an analytical system based
n piezoelectric quartz crystals, for the quantification of hydrogen
ulphide in breath, and to use it in the detection of halitosis and
eriodontal diseases at the very early stages. The new system is
asically composed of a preconcentration column and an acoustic
ave sensor for hydrogen sulphide. These bulk acoustic wave sen-

ors are inexpensive, as all it is needed is a piezoelectric material,
sually quartz, widely used in electronics, an oscillator and a fre-
uencymeter. Cost can be slightly increased if an acquisition data
ystem is used, which is dispensable in the present work.

In order to detect H2S, a sensitive layer must be applied onto
he quartz crystal electrodes. This sensitive layer must be carefully
hosen, as it must be very stable and selective to the compound to be
etected. The analytical signal will be generated by the interaction
f the target analyte, hydrogen sulphide, and the coating layer. This
oating determines not only the sensitivity to hydrogen sulphide
ut also the selectivity of the sensing device.

In general, these sensors are not sensitive enough or selective
o analyze H2S in real samples. As the detection limit for hydro-
en sulphide needs to be very low, it was necessary to incorporate
preconcentration unit in the analytical system. Several methods
ave already been used to concentrate some gaseous compound

rom breath samples: sorbent trapping, cold trapping, condensate
rapping and chemical trapping [7,8]. Both sorbent trapping and
old trapping were tried to concentrate H2S. Besides being used
o lower H2S detection limits, the preconcentration column could
lso be effective in trapping possible interfering compounds, and
his aspect was also considered. Compounds ordinarily used as
dsorbents in preconcentration columns are polymers, resins or
olecular sieves. Several compounds were tested as adsorbents in

he preconcentration column and their ability to concentrate the
2S and to reject CO2 and H2O was evaluated.

A complete report of the main steps of the development, and the

nal arrangement of the analytical system are here reported, along
ith the results of the analyses of the breath of patients clinically

valuated in what concerns to periodontal diseases. The analytical
ystem is mostly homemade and considerably cheaper than the
alimeter. The most expensive piece of equipment, the acquisition

v
m

8

responsible for halitosis and their origin.

ystem, could be replaced by a specially designed less expensive
ne, as many of the functionalities of the PXI-6608 were not used.

. Experimental

.1. Reagents

Eight quartz crystals were coated, each with a different com-
ound. Coating compounds were: triethanolamine (TEA, Merck
377), poly-vinylidene fluoride (Kynar, Fluka 81432), Nafion
17 solution (Nafion, Fluka 70160), manganese(II) phthalocya-
ine (Mn pht, Aldrich 379557), poly(dimethylsiloxane) (PDMS,
BCR 76189), Tenax TA 80/100 (Tenax, Supelco 21009), tetram-
thylammonium fluoride tetrahydrate (TMAF, Aldrich 10,721-2),
agnesium(II) phthalocyanine (Mg pht, Aldrich 40,273-7), 1,4-

olyisoprene (Fluka 81445) and mercapto hexanol (Fluka 63762).
Nitrogen, used as a carrier, was Alphagaz from ArLíquido.

thanol (Merck 100983), propanone (Lab-Scan A3501), isoprene
Riedel-de Haën 62791), carbon disulphide (Panreac 141244), pen-
ane (Lab-Scan C2518), trimethylamine (TMA, Merck 821177),
mmoniac (Aldrich 29,499-3), dimethyl sulphide (Aldrich M8,163-
), ethanethiol (Fluka 04290), carbon dioxide (N45, ArLíquido),
itric oxide 5083 ppm in N2 (Praxair 10102-43-9), nitrogen diox-

de 5011 ppm in N2 (Praxair 10102-44-0), and carbon monoxide,
enerated from formic acid (Panreac 131030) and sulphuric acid
Fluka 84720), were used to test sensor selectivity.

Standards were prepared in teflon bags (Cole-Parmer U-
43070), and samples were collected in Tedlar bags 1 L (SKC
31-01).

Calcium chloride anhydrous (Absolve 50075), ammonium
itrate (Riedel-de Haën 11218) and Nafion membranes (Omnifit)
ere used to dry the samples.
Molecular sieves 5A (Fisher scientific company M-521), acti-
ated carbon (Merck 3626719), Tenax TA (Supelco 21009) and
olecular sieve ETS-4 (synthesized) were tested as sorbents.
Sodium sulphide (Panreac 211682) and sulphuric acid (Fluka

4720) were used to generate H2S, and potassium iodate (Pan-



D.L.A. Fernandes et al. / Sensors and Actuators B 136 (2009) 73–79 75

F
s
l

r
M
h
g

2

m
t

i
a
b
t
i
B
t

a
F
t
b
i
b
C

F
(
(

a
u
p
d
i
b
w
u
t
o
L
c
t
q
a
a

ig. 2. Instrumental setup used to evaluate coated quartz crystal sensitivity and
electivity to H2S: (a) flowmeter, (b) injection port, (c) quartz crystal cell, (d) oscil-
ator, (e) power supply and (f) frequencymeter.

eac 141540), potassium iodide (Panreac 121542), iodine (M&B
U6609), sodium thiosulphate (Merck 5269604), and sodium

ydroxide (Panreac 131687) were used to standardize the generated
as.

.2. Apparatus

A spin coater (Süss Delta 10 BM) and an air brush (BADGER
odel 200) were used to coat the quartz crystals. The quartz crys-

als were 9 MHz AT-cut HC45 with gold electrodes (Euroquartz).
Fig. 2 shows the experimental layout used to study the sensitiv-

ty and selectivity of the different sensors. The developed system is
flow injection analyzer. A constant stream of nitrogen, controlled
y a flowmeter, is continuously flowing through the cell that houses
he coated piezoelectric quartz crystal. An injection port allows the
ntroduction of the sample, oscillator was assembled according to
ruckenstein and Shay design [9], and the frequency was obtained
hrough a frequencymeter (Leader LF-827).

Fig. 3 shows the experimental layout used in the exhaled air
nalysis. Starting from the experimental arrangement displayed in
ig. 2, the analytical system was optimized by reducing the size of

he sensor cell and minimizing the dimension of the Teflon tubes,
oth in diameter and in length, in order to reduce dispersion and

ncrease the analytical signal. Oscillator was home-made, and was
ased on the Bruckenstein and Shay design [9], to which an extra
MOS divider device (74HC292) was added. A data acquisition unit,

a

t
s
w

Fig. 4. Quartz crystal cells: (a) glass cell with the volume o
ig. 3. Layout of the system used to analyze H2S in the exhaled air: (a) flowmeter,
b) injection and preconcentration unit, (c) Nafion membrane, (d) quartz crystal cell,
e) power supply, (f) oscillator and (g) counter/timer PXI-6608 and computer.

Counter/Timer PXI 6608 (National Instruments) and a PC were
sed. The CMOS device coupled to the oscillator circuit board is
rogrammable and can divide the frequency from 22 to 231. The
ivider was programmed to generate a signal with a frequency that

s 2−20 times the one of the original signal, and the internal time
ase of the PXI 6608 (80 MHz) was used to count this signal. This
ay, 220 cycles of the original signal were counted with, at most, an
ncertainty of 1 cycle of the time base, while, without the divider,
he uncertainty would be one cycle of the time base per cycle of the
riginal signal. making possible to decrease the counting error. A
abView program was specially written to count and store frequen-
ies. The modified oscillators, combined with acquisition board and
he written software allowed increasing the resolution of the fre-
uency reading, which was monitored with an uncertainty of 0.1 Hz,
gainst the 1 Hz achieved with the ordinary frequencymeters for
cquisition times as short as 1 s [10]. A preconcentration unit was

lso added to the initial analytical system.

Fig. 4 shows the two crystal cells used in this work. Initially,
o study the sensitivity and selectivity to H2S of the different sen-
ors, with the experimental setup of Fig. 2, a glass cell (Fig. 4a),
ith a 15 mL volume was used. This cell was later modified, and

f 15 mL and (b) PVC cell with the volume of 0.35 mL.
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ig. 5. Injection and preconcentration unit showing the flowing direction of the gas
c) column regeneration. (1) Calcium chloride anhydrous column and (2) heating co

he volume decreased to 0.35 mL (Fig. 4b). The volume reduction
ncreased the sensitivity which was mandatory in order to analyze
he breath samples. This latter cell was used in all the analysis, per-
ormed with the experimental setup of Fig. 3. Both cells possess
wo inputs, directed towards the crystal faces, and one output at
he bottom. Before entering the crystal cell, the nitrogen stream
as divided and directed to both entrances.

Fig. 5 shows, in detail, the injection and preconcentration unit.
tube filled with calcium chloride, was placed before the precon-

entration column, with the purpose of drying the sample, without
dsorbing any of the sulphur volatiles [11].

Fig. 6 shows the sampling system, which consisted of a Ted-
ar bag with a septum and a valve. The bag was coupled through
he valve to a inox-U-shaped tube immersed in a cooling mixture
mmonium nitrate:water 1:1, which maintain the temperature at
2 ◦C. This tube efficiently removes most of the water vapour by

ondensation. The tube was connected to a replaceable polyethy-
ene tube.

A Nafion membrane, shown in Fig. 3, was introduced, between
he preconcentration column and the sensor, to dry the water not
rapped in the calcium chloride tube. An external N2 stream, flow-
ng at sample counterflow, increased the drying efficiency of the

embrane.

.3. Procedure

.3.1. Coating the quartz crystal
Each quartz crystal was coated by spraying, spin coating, or

ropping the coating solution onto the crystal electrodes. The
ompounds tested as coating were: polyisoprene, Nafion, Mg pht,
ynar, Tenax, PDMS, TEA, mercapto hexanol, Mn pht and TMAF.

.3.2. Sensor sensitivity and selectivity

The sensors were tested by injecting different quantities of H2S

nto the system shown in Fig. 2.
For each sensor, a calibration curve was obtained and the H2S

etection limit was determined as the analyte concentration giv-

Fig. 6. Sampling apparatus.
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treams during: (a) injection and preconcentration, (b) desorption and analysis and
ier device.

ng a signal yB + 3 sB, where yB is the blank signal, estimated from
he intercept, and sB is the standard deviation of the blank, esti-

ated from the standard error of the estimate sy/x. The most
ensitive sensor to H2S was selected to be used afterwards in breath
nalysis.

Then, for the selected sensor, new detection limits have been
btained using the new PVC cell (Fig. 4b) and setup shown in Fig. 3.

.3.3. Preparation of H2S standards
H2S gas was generated adding 50% (v/v) sulphuric acid to sodium

ulphide.
10 mL of the generated H2S were injected into a 1 L Teflon bag,

hich was then filled with N2. Final concentration was close to
0,000 ppm. The content of the bag was later standardized, using
liquots of 30.0 mL of the inner gas, which was trapped in an 0.02 M
aOH solution into a flask with a septum. The trapped H2S was

odometrically titrated [12]. Lower concentration standards, in the
ange from 162 ppb (v/v) to 1.08 ppm (v/v), were obtained by fur-
her diluting with N2. These standards were used to obtain the
alibration curves.

.3.4. Preparation of the preconcentration columns
Preconcentration columns were prepared by packing a glass

ube with 20 cm length, 8 mm o.d. and 2.2 mm i.d., with 2–3 cm of
dsorbent and sealing it with plugs of silanized glass wool. Adsor-
ents tested were Tenax TA (80–100 mesh), ETS-4, activated carbon,
nd MS-5A. Activated carbon and MS-5A columns were conditioned
rior to use, by heating at 250 ◦C for at least 6 h, with N2 as carrier
as. Tenax and ETS-4 columns were conditioned at 200 ◦C.

.3.5. Selection of the patients and behaviour protocol
Patients were volunteers recruited among the ones attending

he practice at the University of Coimbra Dental School. Patients
ere requested to abstain from eating, drinking or smoking before

valuation. These recommendations followed others reported in
he literature [13–15].

.3.6. Sampling
The patients needed to blow through a disposable and individual

outhpiece of polyethylene until the 1 L bag becomes partially full.
illing the bag requires no effort from the patients, as tubes are
ide, i.d. 0.5 cm, and without restrictions.
.3.7. Analysis
Samples were collected from patients and were always analyzed

n the same day they were collected, in order to avoid losses or
ontaminations. New calibration curves were prepared each day.
he preconcentration column was conditioned at 250 ◦C prior to
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he injection of each sample or standard. The drying calcium chlo-
ide tube was changed every day, in order to avoid H2S losses by
issolution into the water trapped inside the tube.

Initially the preconcentration column was refrigerated to 5–8 ◦C
ith an air stream cooled by a Peltier device. 400 mL of sample were

hen injected through the injection port and H2S was preconcen-
rated in the column (Fig. 5a). Meanwhile, a constant stream of N2
as passing through the crystal cell. Then, four 3-port switching

alves were used to redirect the carrier gas and force it to pass
hrough the adsorption column for desorption of H2S from sample.
esorption of the sample compounds trapped on the adsorbent col-
mn was accomplished by switching on the electrical heating wire
hich surrounded the column (Fig. 5b). Temperature was 250 ◦C

nside the column.
Frequency of the quartz crystal was stored in a PC, at intervals

f 1 s, along all the analytical steps. After heating, H2S was released
rom the column and adsorbed onto the crystal coating, producing
frequency decrease. Later on, frequency began to increase, indi-

ating that the response to H2S has finished, and that the sensor
as recovering. Then, the four 3-port switching valves were used

o redirect the carrier gas to the alternative way, in order to prevent
ater from reaching the sensor while column was regenerating

Fig. 5c).
The analytical signal was the difference between the original

requency of the quartz, observed before column heating, and the
owest frequency, observed after H2S desorption from the column.

. Results and discussion

Table 1 shows the detection limits obtained with the different
oated quartz crystals. These results have been obtained with the
xperimental setup shown in Fig. 2. The sensors coated with TEA
nd TMAF showed the lowest detection limit (3 �g of H2S) and the
ighest sensitivity (1.19 Hz/�g for the TMAF sensor and 1.00 Hz/�g

or the TEA sensor), although the coating amounts were lower than
he ones applied on the other sensors. Coating amounts for TEA and
MAF produced a similar frequency decrease (13 kHz).

TEA sensor was finally selected because the TMAF signal is much
ore complex. At room temperature, the H2S absorption on TMAF

an lead to a sudden frequency rise, explained by the liquefaction of
he absorption product, and slight temperature changes can affect
he frequency signal [16].

As breath is a complex mixture of compounds, the TEA sen-
or was tested concerning possible interferences from the other
ompounds known to be present in the breath. Fig. 7 shows the
electivity coefficients for a series of compounds. The selectivity

oefficients (K) are here defined as the ratio between the amounts
f tested compound and H2S that produced a 15 Hz signal. As it can
e seen, selectivity coefficients near 1 were only found for NH3 and
MA. However, the sensor responded much more to NO and NO2
han to H2S.

able 1
etection limits for H2S obtained with the several coatings.

Detection limit (�g H2S)

olyisoprene 284
afion 731
g pht 812

ynar 417
enax 62
DMS 739
EA 3
ercapto hexanol 1525
n pht 350

MAF 3

l
b
t
w
u
s
t
b
o
c

s
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s
H
s
H

ig. 7. Selectivity coefficients of the H2S sensors regarding some possible interfer-
nts.

The detection limit of 3 �g of H2S was insufficient to detect
2S in breath samples, and it was not possible to reduce it sig-
ificantly just by increasing the coating amount. Thus, as it was
lready said, starting from the setup shown in Fig. 2, a smaller sen-
or cell was assembled, in the setup shown in Fig. 3. Moreover, the
iameter and length of tubes were diminished, and the Brucken-
tein oscillator and the frequencymeter were replaced by a new set
scillator/frequency counter, capable of frequency measurements
ith 0.1 Hz uncertainty [10]. Sensitivity improved from 1.00 Hz/�g

�Fdue to coating = 13.7 kHz) to 8.14 Hz/�g (�Fdue to coating = 11.3 kHz)
nd detection limit improved to 27 ng. These changes succeeded
n increasing de sensitivity and in decreasing the detection limit of
he new system. The detection limit was 100 times smaller than the
ne obtained with the older system, due to a 10 times increase in
ensitivity and a 10 times increase in the frequency precision.

However, even with these changes, the H2S analysis in breath
amples remained impossible. The new system was limited to injec-
ions of sample volumes as large as 2.5 mL, which, with a detection
imit of 27 ng (20 nL of H2S), only allows the detection of concen-
rations above 8 ppm (v/v) of H2S.

To solve this problem a preconcentration column was intro-
uced. Four different compounds were tested as sorbent compound
n the column: Tenax, MS-5A, ETS-4 and activated carbon.

The preconcentration column should release the sorbed H2S
hen heated. If the heat of the column reaches the sensors, the

requency of the coated quartz crystals can be highly affected, as
ell as their ability to respond to H2S. Although the sensors are
hysically far way from the column, and therefore, presumably,
heir temperature is not affected during column heating, tests have
een performed to confirm this assumption. The frequencies of
he quartz crystals have been monitored while the column heat-
ng coil was turned on and off and no effect has been recorded on
he frequency of the sensors.

Tenax was reported [11] to be a good H2S trap, but needs very
ow temperatures (liquid nitrogen). This proved to be a problem for
reath samples due to their high water and carbon dioxide con-
ent. Besides, H2S is desorbed from Tenax at room temperatures,
hich causes H2S losses in the process of inserting the cold col-
mn into the analytical system. The MS-5A compound is a more
elective sorbent than Tenax, and was also reported to be a good
rap for H2S [17] at room temperature. However, this trap proved to
e more selective to water than to H2S, with the additional problem
f adsorbing carbon dioxide, which is, along with water, one of the
ompounds present at the highest concentration.

Fig. 8 shows a plot of the frequency vs. time of the TEA sen-
or, when two standards have been injected in the system which

ncluded a molecular sieve MS-5A column. The black line repre-
ents the frequency of the sensor obtained injecting a standard of
2S and H2O, and the gray line represents the frequency of the

ensor when a standard with the three compounds, H2S, CO2 and
2O, was injected. As can be seen, the sample with H2S and H2O
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H2S and in eliminating, or decreasing, CO2, NH3, TMA, NO and NO2
interference.

Table 2 shows the results of the analysis of the exhaled breath
of patients along with their medical record.

Table 2
Results of the analysis of the exhaled breath samples along with the dental clinical
evaluation of the patients.

Clinical evaluation H2S concentration
(ppb)

Under
treatment

Localized moderate chronic
periodontitis

1625 Yes

Generalized severe chronic
periodontitis

888 No
ig. 8. Frequency of the sensor, coupled to a MS-5A column, after injection of a
tandard containing H2S and water (black line) and a standard with H2S, CO2 and
ater vapour (gray line).

roduced two signals after column heating, at 1 and 4 min, respec-
ively. In the case of the sample with the three compounds (H2S,
O2, and H2O), the results were different. The CO2 shows two sig-
als: one before and another one after column heating. The second
ignal of CO2 occurs at the same time as the H2S signal, becoming
mpossible to distinguish them. Therefore, the use of MS-5A as a
orbent in the preconcentration column is not recommended for
he H2S analysis in breath samples.

The ETS-4 is a titanosilicate molecular sieve, and seamed to be a
ood candidate to H2S sorbent, due to the compatibility of pore size
nd to its poor affinity to carbon dioxide. However, it was found that
he H2S reacted with ETS-4, making impossible its quantification.

Finally, activated carbon was tested as an H2S sorbent. Activated
arbon possesses also poor affinity to carbon dioxide, which is a
lear advantage. At this point, it was decided to eliminate water
apour from breath samples introducing several traps (shown in
igs. 3, 5 and 6). First, water was pre-trapped by condensation dur-
ng the breath sampling, into a refrigerated inox-U-shaped tube. A
ube with calcium chloride was inserted before the preconcentra-
ion column, and a Nafion membrane after it, to reduce the water
apour concentration in the sorbent.
Fig. 9 shows the frequency of the sensor obtained in the system
ith a preconcentration column with activated carbon, injecting
standard with three compounds (H2S, CO2 and H2O). As can

e seen, the CO2 is not retained on the activated carbon col-

ig. 9. Frequency of the sensor, coupled to an activated carbon column and with a
afion membrane as drying, after injection of a standard containing H2S, CO2 and
ater vapour.
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mn and its signal appears before column heating. Therefore, no
nterference due to CO2 was observed at the time of the H2S sig-
al elution. The change of slope observed after the beginning of
he H2S desorption from the crystal coating can be explained by
he valves switching. No water vapour signal could be observed,
hich proves that water was successfully eliminated by the Nafion
embrane and the calcium chloride anhydrous tube. Besides,

xperiments with standards with equal amounts of H2S and dif-
erent water vapour quantities have shown to produce equal H2S
ignals.

With the preconcentration column it was possible to inject large
uantities of the sample, which allows the analysis of low concen-
rations of H2S. Linear calibration curves in the range from 162 ppb
v/v) to 1.08 ppm (v/v) were successfully obtained injecting 400 mL
f standards. Sensitivity was 85.6 Hz/ppm and detection limit was
0 ppb (v/v), which corresponds to a mass of 28 ng of H2S, very
imilar to the detection limit reported without preconcentration,
s expected.

As the sensor responds to NH3, TMA, NO and NO2, these com-
ounds were injected into the system, in the highest possible
oncentration found in human breath, in order to find out if they
ould be a problem in the H2S analysis. Neither, NH3, TMA, NO
r NO2 did affect the analysis of H2S, when present in quantities
ower than 250 ppm (v/v) of NH3, 3.5 �g/L of TMA, 25 ppm (v/v)
f NO and 25 ppm (v/v) of NO2. Therefore, incorporation of the
dsorption column proved to be quite effective in concentrating
eneralized severe chronic
periodontitis

789 No

evere gingivitis 709 No
ocalized moderate chronic
periodontitis

576 Yes

eneralized severe chronic
periodontitis

539 No

eneralized moderate
chronic periodontitis

502 Yes

eneralized moderate
chronic periodontitis

435 Yes

ocalized moderate chronic
periodontitis

373 No

eneralized severe chronic
periodontitis

337 Yes

eneralized severe chronic
periodontitis

299 No

oderate gingivitis 283 Yes
ild Gingivitis 259 No

ocalized moderate chronic
periodontitis

252 Yes

eneralized severe chronic
periodontitisa

170 No

ealthy individual 255 No
ealthy individual 249 No
ealthy individual 243 No
ealthy individual 212 No
ealthy individual 201 No

a Smoker which did not obey the protocol.
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As can be seen, there are significant differences between signals
f healthy individuals and patients with periodontal diseases. Com-
aring the means of the two groups by the t-test (P = 0.05) it can be
oncluded that the mean concentration of the H2S of patients with
eriodontal diseases is statistically higher than the mean concen-
ration of H2S in healthy individuals.

Healthy individuals showed H2S contents as high as 255 ppb
250 ppb is referred as the limit which divides healthy from sick
eople [1]). The patients with periodontal diseases showed values
ell above the ones from the healthy patients, with the excep-

ion of two patients with periodontal diseases, one of them with
localized moderate chronic periodontitis submitted to an ongo-

ng periodontal treatment, and the other one was a smoker which
id not follow the established rules, and that has smoked just before
ample collection.

The H2S concentration in patients with periodontal diseases
anged from 252 to 1625 ppb (v/v) and the values cannot be
xplained by the clinical evaluation reported in Table 2, which was
estricted to gum disorders. Other investigators [18–20] did also
ot found a correlation between the severity of the periodontal dis-
ase and the prevalence or severity of halitosis. Bacterial plaque in
eeth, tonsils and tongue has not been reported for these patients,
nd may be responsible for halitosis in some extension. Besides, the
xhaled air has both oral and pulmonary origin and although 90%
f all bad breath odours emanate from mouth, the upper and lower
espiratory tracks, the gastrointestinal track, and some diseases
rom the kidney or the liver cannot be excluded. Diet of patients,
specially if rich in proteins, may also influence their breath.

This new analytical methodology may be used as a quick but
ccurate screaming test for breath malodour, which is a clear indi-
ation of some health problem that should be investigated.
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