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Abstract

Despite the simplicity, the affordability, and the wide use in clinical practice of breath tests, in some cases, monitoring only H2 and CH4 

concentration variations can lead to incorrect interpretations of their results. Several studies, therefore, suggest that also the assessment of the 
presence of hydrogen sulphide in the breath samples should be included. However, breath H2S concentration is not commonly measured, since 
expensive specialized equipment or expensive, time-consuming mass spectrometric techniques are required. This study explores a cost-effective, 
rapid, and user-friendly approach to qualitatively measure H2S during breath tests using colorimetric tubes, normally used for environmental 
monitoring. With such devices, it is possible to obtain preliminary information that will implement the test results and could be used by the 
physician for the interpretation of the test itself. The results show that, with a single device, more than one measurement can be made. Moreover, 
they are not influenced by humidity and the additional gases in the human exhaled breath.
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Introduction

Breath test is a simple diagnostic tool used during the last 50 
years to detect a group of conditions, characterized by symptoms 
attributable to an increase of carbohydrate residual fermentation 
in the small or large intestine [1]. A large body of evidence 
suggests that monitoring the modification of intestinal gas levels 
in exhaled breath, currently hydrogen and methane, allows a very 
accurate detection of carbohydrate malabsorption [2] and small 
intestine bacterial overgrowth [3]. Together with its simplicity, the 
addition of its affordability determined a large diffusion of breath 
test in clinical practice [4]. However, according to several studies, 
the interpretation of such BTs may be difficult and controversial, 
since evaluating only the H2 and CH4 concentrations could lead to 
an incorrect interpretation of the results [5-7]. Hydrogen sulphide 
(H2S) is another gas produced in the intestine, which could be 
potentially considered as an additional marker for monitoring the 
entity of carbohydrate intraluminal fermentation [5]. Moreover, 
in subgroups of patients it should be stigmatized that hydrogen 
production may not be significant, due to the predominant activity  

 
of hydrogen-consuming bacteria in the gut, such as Sulphate 
Reducing Bacteria (SRB), which employ H2 as a respiratory 
substate during metabolism to reduce sulphate to H2S [5,8,9] 
and an increased concentration of H2S in breath was detected in 
patients with ulcerative colitis [10,11]. 

The interaction among hydrogen, methane and sulphide is very 
complex and it was previously shown, with an in vitro incubation 
system, that methanogens outcompete sulphate reducing bacteria 
for hydrogen utilization in the human colon [12] and in subgroup 
of subjects a pathway may predominate on the other one [13]. 
Like hydrogen and methane, H2S enters the bloodstream, travels 
to the lungs, and is ultimately expelled in breath [5,14,15] where 
its concentration can be measured. However, H2S is not usually 
detected during breath tests, despite some studies reporting 
that its concentrations can be measured with very expensive 
specialized devices, with time-consuming mass spectrometry-
based techniques or with expensive electrochemical sensors that 
would prevent the physician from performing the measurement 
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himself [5,14-16]. For this reason, it was considered necessary to 
devise an easy, cost-effective, and “physician-friendly” approach 
for a qualitative screening measurement of the H2S during 
breath tests. In this work, a colorimetric tube commonly used 
for environmental studies was used to detect H2S in standard gas 
mixtures. Furthermore, the feasibility of performing cumulative 
replicates with a single tube was investigated.

Materials and Methods

Standard gas

A standard gas mixture of H2S at a concentration of 
approximately 0.7 ppm in N2 has been prepared and stored in a 
750 ml breath collection bag (Sample 1). This concentration was 
chosen to stay below the H2S concentration reported in exhaled 
breath in some literature studies, where measured significant 
concentrations range from 1.2 to 6 ppm [17-19]. Another standard 
gas mixture, simulating the human breath, was prepared, and 
stored in a breath collection bag: 78% N2, 17% O2, 5% CO2 and 
0.7 ppm H2S; an amount of water has been added to this mixture to 
achieve an absolute humidity of 44 mg/L (Sample 2).

H2S measurement system

Colorimetric gas detection tubes (Kitagawa America LLC, New 

Jersey, USA), with a measuring range between 0.1 and 6 ppm and 
a sensitivity of 0.1 ppm, were used to determine the presence 
of H2S in both gas mixtures. The colorimetric tube is a glass vial 
filled with a dehumidifying material at the top and silica gel on 
which a silver compound, lithium bromide monohydrate and a 
pH indicator are adsorbed (Material Safety Data Sheet No. KE002 
Ver. 7, Kitagawa, 2013). When the silver compound reacts with 
gaseous H2S, an acidic compound is produced, and the pH indicator 
changes color (from yellow to pink); the length of the color change 
typically indicates the measured concentration. A graduated scale 
printed on the tube itself, allows to directly determine the gas 
concentration. This scale is calibrated for standard temperature 
and atmospheric pressure (293.15 K and 1013 hPa) conditions; 
therefore, if these conditions are not met, correction factors should 
be applied (Instruction Manual Hydrogen Sulphide Detector Tube 
No.120U, Kitagawa). All analyses were carried out by connecting 
one end of the tube directly to the breath collection bag and the 
other end to a manual pump specifically designed for such tubes. 
The first 100 ml were manually aspired at a rate of about 100 
ml/min (t0). After 3 minutes (t1), an analogous measurement 
was performed on the same tube by aspirating another 100 ml at 
the same rate conditions. This process was repeated after three 
minutes at t2, t3 (10 minutes after t2), and t4 (30 minutes after 
t3).

Results

Figure 1: H2S concentration measured at t0 (a), t1 (b), t2 (c), t3 (d), t4 (e) in a gas mixture containing H2S (0.7 ppm) in N2.
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First of all, the bag containing N2 and H2S (Sample 1) was 
analyzed. As shown in Figure 1a, after the first manual pump stroke, 
the concentration read on the graduated scale is approximately 
0.7 ppm (Figure 1a). After the second, the third, the fourth and 
the fifth replications the concentrations read are respectively: 
about 1.4 ppm (Figure 1b), 2.1 ppm (Figure 1c), 2.8 ppm (Figure 
1d) and 3.5 ppm (Figure 1e). It was, therefore, found that the 
analyses performed on the tube are cumulative. This procedure 
was repeated with two other tubes, obtaining the same results. 
The performance of the tubes was then assessed in relation to 
the impact of the main components (O2, CO2, and H2O) in human 
exhaled breath. Therefore, Sample 2 was analyzed carrying out the 
same procedure used for Sample 1, repeating the pump stroke at 
the same time intervals (t0, t1, t2, t3, t4). Also in this case, it was 
observed that the analyses performed on the tube are cumulative. 
This procedure was repeated with two other tubes, obtaining the 
same results as the first one.

Conclusions

A device for measuring the concentration of H2S, normally used 
in a different field of application, was tested with two different gas 
mixtures: one containing only N2 and H2S (0.7 ppm concentration) 
and another one containing these two same components (H2S at 
the same concentration of 0.7 ppm) plus the other most abundant 
gases present in the human exhaled breath. According to the 
results from both types of samples, these devices could provide a 
preliminary measurement, that will allow the physician to be able 
to discriminate between H2S- producing and H2S-nonproducing 
patients, and to include this information in the interpretation 
of the breath tests results. It is possible to perform cumulative 
samplings with a single device, with an immediate verification 
of any H2S production. Such a simple test could be performed 
directly by physicians even during an outpatient consultation. In 
this way, they would have the opportunity to verify immediately 
if H2S production occurs or not, and then decide to proceed with 
further investigations. Among other advantages of such devices, 
we include first the low cost and, second, the immediacy of sample 
determination, without sample storing necessity, before the 
analysis is carried out, avoiding possible losses or contaminations 
of the sample. This is just a preliminary study: we are aware that, 
being breath a very complex matrix, it is necessary to assess the 
impact of all its components on such devices, and to develop a 
detailed and rigorous sampling protocol. For this reasons, next 
steps in the implementation of the method will cover the use of 
such devices on patients with conditions associated to severe 
bloating due to increase of intraluminal fermentation, to identify 
a H2S concentration trend, in correspondence of the sampling 
points established by the BTs protocol usually followed in clinical 
practice. In case of positive preliminary results, the following 

experiment will fall the requirement of the IVDR (In Vitro Medical 
Device Regulation - Regulation (EU) 2017/746).

References
1. Levitt MD (1969) Production and excretion of hydrogen gas in man. N 

Engl J Med 281(3): 122-127.

2. Levitt MD, Donaldson RM (1970) Use of respiratory hydrogen (H2) 
excretion to detect carbohydrate malabsorption. J Lab Clin Med 75(6): 
937-945.

3. Kerlin P, Wong L (1988) Breath hydrogen testing in bacterial 
overgrowth of the small intestine. Gastroenterology 95(4): 982-988.

4. Gasbarrini A, Corazza G R, Gasbarrini G, Montalto M, Di Stefano M, 
et al. (2009) Methodology and indications of H2-breath testing in 
gastrointestinal diseases: The Rome consensus conference Aliment. 
Pharmacol Ther 29(Suppl 1): 1-49.

5. Banik GD, De A, Som S, Jana S, Daschakraborty SB, et al. (2016) 
Hydrogen sulphide in exhaled breath: A potential biomarker for small 
intestinal bacterial overgrowth in IBS. J Breath Res 10: 26010.

6. Simre´n M, Stotzer PO (2006) Use and abuse of hydrogen breath tests 
Gut 55: 297-303.

7. Sundin OH, Mendoza-Ladd A, Morales E, Fagan B M, Zeng M, et al. 
(2018) Does a glucose-based hydrogen and methane breath test 
detect bacterial overgrowth in the jejunum? Neurogastroenterol Motil 
30(11): 1-10.

8. Banik GD, Maity A, Som S, Ghosh C, Daschakraborty SB, et al. (2014) 
Diagnosis of small intestinal bacterial overgrowth in irritable bowel 
syndrome patients using high- precision stable 13CO2/12CO2isotope 
ratios in exhaled breath J Anal Atom Spectrom 29: 1918-1924.

9. Eisenmann A, Amann A, Said M, Datta B, Ledochowski M (2008) 
Implementation and interpretation of hydrogen breath tests. J Breath 
Res 2(4): 046002.

10. Levine J, Ellis CJ, Furne JK, Springfield J, Levitt MD (1998) Fecal 
hydrogen sulfide production in ulcerative colitis Am. J. Gastroenterol 
93(1): 83-87.

11. Ohge H, Furne J K, Springfield J, Rothenberger DA, Madoff RD, et al. 
(2005) Association between fecal hydrogen sulfide production and 
pouchitis Dis. Colon Rectum 48(3): 469-475.

12. Strocchi A, Fume J, Ellis C, Levitt M D (1994) Methanogens outcompete 
sulphate reducing bacteria for H2 in the human colon Gut 35: 1098-
1101.

13. Strocchi A, Furne JK, Ellis CJ, Levitt MD (1991) Competition for 
hydrogen by human faecal bacteria: Evidence for the predominance of 
methane producing bacteria Gut 32(12): 1498-1501.

14. Birg A, Hu S, Lin HC (2019) Reevaluating our understanding of lactulose 
breath tests by incorporating hydrogen sulfide measurements. JGH 
Open 3(3): 228-233.

15. La´szlo´ MGA (2023) Hydrogen sulphide SIBO: pathological condition 
or physiological adaptation.

16. Fowler H, Pichetshote N, Hosseini A, Takakura W R, Sedighi R, et al. 
(2020) The First Study to Determine the Normal Range of Exhaled 
Hydrogen Sulfide (H2s) Using A Novel 4-Gas Breath Test Device in 
Healthy Subjects. Gastroenterology 158: S-545.

http://dx.doi.org/10.19080/TTSR.2024.07.555702
https://pubmed.ncbi.nlm.nih.gov/5790483/
https://pubmed.ncbi.nlm.nih.gov/5790483/
https://pubmed.ncbi.nlm.nih.gov/5421079/
https://pubmed.ncbi.nlm.nih.gov/5421079/
https://pubmed.ncbi.nlm.nih.gov/5421079/
https://pubmed.ncbi.nlm.nih.gov/3410238/
https://pubmed.ncbi.nlm.nih.gov/3410238/
https://pubmed.ncbi.nlm.nih.gov/19344474/
https://pubmed.ncbi.nlm.nih.gov/19344474/
https://pubmed.ncbi.nlm.nih.gov/19344474/
https://pubmed.ncbi.nlm.nih.gov/19344474/
https://pubmed.ncbi.nlm.nih.gov/27163246/
https://pubmed.ncbi.nlm.nih.gov/27163246/
https://pubmed.ncbi.nlm.nih.gov/27163246/
https://pubmed.ncbi.nlm.nih.gov/16474100/
https://pubmed.ncbi.nlm.nih.gov/16474100/
https://pubmed.ncbi.nlm.nih.gov/29687525/
https://pubmed.ncbi.nlm.nih.gov/29687525/
https://pubmed.ncbi.nlm.nih.gov/29687525/
https://pubmed.ncbi.nlm.nih.gov/29687525/
https://pubs.rsc.org/en/content/articlelanding/2014/ja/c4ja00186a
https://pubs.rsc.org/en/content/articlelanding/2014/ja/c4ja00186a
https://pubs.rsc.org/en/content/articlelanding/2014/ja/c4ja00186a
https://pubs.rsc.org/en/content/articlelanding/2014/ja/c4ja00186a
https://pubmed.ncbi.nlm.nih.gov/21386189/
https://pubmed.ncbi.nlm.nih.gov/21386189/
https://pubmed.ncbi.nlm.nih.gov/21386189/
https://pubmed.ncbi.nlm.nih.gov/9448181/
https://pubmed.ncbi.nlm.nih.gov/9448181/
https://pubmed.ncbi.nlm.nih.gov/9448181/
https://pubmed.ncbi.nlm.nih.gov/15747080/
https://pubmed.ncbi.nlm.nih.gov/15747080/
https://pubmed.ncbi.nlm.nih.gov/15747080/
https://pubmed.ncbi.nlm.nih.gov/7926913/
https://pubmed.ncbi.nlm.nih.gov/7926913/
https://pubmed.ncbi.nlm.nih.gov/7926913/
https://pubmed.ncbi.nlm.nih.gov/1773956/
https://pubmed.ncbi.nlm.nih.gov/1773956/
https://pubmed.ncbi.nlm.nih.gov/1773956/
https://pubmed.ncbi.nlm.nih.gov/31276041/
https://pubmed.ncbi.nlm.nih.gov/31276041/
https://pubmed.ncbi.nlm.nih.gov/31276041/


How to cite this article:  Santarelli E, Di Stefano M, Guerriero E, Manni A, Mengoli C, et al. Colorimetric H2S gas Detection Tube in Breath Testing: A 
Reliable Alternative?. Trends Tech Sci Res. 2024; 7(1): 555702. DOI:10.19080/TTSR.2024.07.555702004

Trends in Technical & Scientific Research

17. Lin E, Chua K S, Pichetshote N, Rezaie A, Gupta K et al. (2017) 
Measurement of Hydrogen Sulfide during Breath Testing Correlates to 
Patient Symptoms. Gastroenterology 152: S205-256.

18. Villanueva-Millan M J, Leite G, Wang J, Morales W, Parodi G, et al. 
(2022) Methanogens and Hydrogen Sulfide Producing Bacteria Guide 
Distinct Gut Microbe Profiles and Irritable Bowel Syndrome Subtypes 
Am J Gastroenterol 117: 2055-2066.

19. Singer-Englar T, Rezaie A, Gupta K, Pichetshote N, Sedighi R, et al. (2018) 
Competitive Hydrogen Gas Utilization by Methane- and Hydrogen 
Sulfide-Producing Microorganisms and Associated Symptoms: Results 
of a Novel 4-Gas Breath Test Machine Gastroenterology 154(6): S-47.

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                  Track the below URL for one-step submission 
       https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 Licens
DOI: 10.19080/TTSR.2024.07.555702

http://dx.doi.org/10.19080/TTSR.2024.07.555702
https://pubmed.ncbi.nlm.nih.gov/36114762/
https://pubmed.ncbi.nlm.nih.gov/36114762/
https://pubmed.ncbi.nlm.nih.gov/36114762/
https://pubmed.ncbi.nlm.nih.gov/36114762/
https://www.sciencedirect.com/science/article/abs/pii/S0016508518306255
https://www.sciencedirect.com/science/article/abs/pii/S0016508518306255
https://www.sciencedirect.com/science/article/abs/pii/S0016508518306255
https://www.sciencedirect.com/science/article/abs/pii/S0016508518306255
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/TTSR.2024.07.555702

