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ABSTRACT 

The analysis of the volatile organic compounds in the bodily fluids such as urine may provide 

useful information on the patients’ general health. The potential application of urine headspace 

analysis could facilitate the diagnostics of various diseases such as metabolic disorders, urinary tract 

diseases and gastrointestinal conditions. Described in this paper are the currently available techniques 

of urine sample analysis as well as their different application in medical diagnostics. 
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1.  INTRODUCTION 

 

The urine headspace analysis has gained an increasing interest due to the possibility of 

its use in the assessment of patients’ general health, as well as in the identification of various 

conditions. However, urine odour analysis may be one of the oldest methods of disease 

detection. Already in Ancient Greece, physicians knew that it can provide clues about the 

patient’s condition and thus, facilitate the diagnostics process. The presence of various urinary 

tract infections may result in the change of the urine headspace composition. It has been 
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established that dogs are able to distinguish between urine samples collected from cancer 

patients and healthy controls [1,2]. Moreover, in the case of conditions such as the fish-odour 

syndrome and the maple syrup urine disease, the change of the smell is so distinctive that is 

often used as a diagnostics tool [3]. Urine is an organic fluid composed of numerous 

constituents, the composition of which may vary based on numerous factors such as gender, 

age or diet [4–6]. Since urine headspace composition is affected by both exogenous and 

endogenous factors [7,8], urinary volatiles analysis may provide information on absorption of 

certain substances from the environment and the processes taking place inside the organism 

[9–11]. For this reason, numerous studies have been performed in order to evaluate whether 

the determination of the concentration of volatile organic compounds (VOCs) present in the 

urine headspace can be used in medical diagnostics.  

 

 

2.  SAMPLES ANALYSIS 

2. 1. Gas Chromatography 

There are several technologies currently used in the analysis of urine headspace 

composition, some of which are listed in Table 1. However, gas chromatography (GC) and 

gas chromatography coupled with mass spectrometry (GC-MS) are the gold standards, widely 

used in the diagnostics-related studies. They have been successfully applied in the 

investigation of diseases mechanisms, as well as in the qualitative and quantitative analysis of 

volatile organic compounds (VOCs) present in urine. Moreover, there are also ongoing 

studies on the possibility of using gas chromatography to diagnose diseases such as 

tuberculosis (TB) or diabetes (DM2) [9–11].  

Tuberculosis is a potentially deadly, infectious disease caused by Mycobacterium 

tuberculosis. Due to the possibility of its asymptomatic development, it is not possible to 

diagnose TB solely on the basis of its symptoms. Currently, its diagnosis is made based on the 

tuberculin skin test, however, its reliability may vary since the use of certain drugs, 

impairment of the immune system or the course of other diseases can cause false-positive or 

negative results [12,13]. For these reasons, numerous efforts are underway in order to apply 

modern techniques such as gas chromatography as a non-invasive method of tuberculosis 

diagnosis. The results of the studies suggest that the use of urine analysis will make it possible 

to distinguish between patients with TB and healthy controls or patients suffering from 

respiratory diseases such as chronic obstructive pulmonary disorder [11]. 

Type 2 diabetes is a metabolic disorder in which blood sugar levels are elevated due to 

the insulin resistance. Currently, blood tests are used in order to diagnose DM2 and to 

determine blood glucose levels during treatment. However, since some of the changes in the 

concentration of various metabolites caused by diabetes are detectable not only in serum but 

also in urine, numerous studies have been conducted in order to evaluate whether it might be 

possible to diagnose DM2 based on the analysis of urine composition. In the study conducted 

using GC-MS, several volatile organic compounds present in the sample’s liquid fraction 

have been identified as potential biomarkers of diabetes [9,14]. 

 

2. 2. Ion Mobility Spectrometry 

Ion mobility spectrometry (IMS) is an analytical technique in which the separation and 

identification of ions are made based on the differences in their mobility. IMS devices are 
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usually equipped with a drift tube (DTIMS) in which the ions move in a uniform electric field 

through the inert gas. The speed of drift depends on the intensity of the electric field as well as 

on the mobility of the ions and, therefore, it may be used to separate and identify the 

components of the sample. Moreover, alternative ion mobility techniques such as travelling 

wave (TWIMS) and field asymmetric wavelength IMS (FAIMS) may be used in diseases-

related studies [15]. 

With the use of ion mobility spectrometry, it is possible to obtain the results of the 

analysis in a much shorter time than in the case of e.g. gas chromatography. In addition, 

portable IMS analysers may be used in the fast, noninvasive diagnosis of disorders such as 

dysbiosis or bowel diseases. 

Gut dysbiosis is a condition in which the composition of the gastrointestinal microbiota 

is altered. The microbial imbalance may be caused by dietary changes, repeated exposure to 

antibiotics or conditions such as infections and inflammations. Since chronic dysbiosis can 

lead to the growth of harmful bacteria and in effect cause diseases, it is essential that the 

microbial imbalance is quickly diagnosed and treated. However, gut dysbiosis lacks specific 

symptoms and its diagnosis is rather difficult as it may be confused with numerous bowel 

diseases [16,17]. Because of that, it is investigated whether gut dysbiosis can be diagnosed 

based on the analysis of volatile organic compounds present in urine’s headspace. 

Arasaradnam et al. found with the use of FAIMS, that the loss of bacterial diversity results in 

significant changes in the concentration of volatile organic compounds [18].  

Inflammatory bowels diseases (IBDs) such as Crohn’s disease and ulcerative colitis are 

a group of idiopathic inflammatory bowel disorders. They are one of the most common 

conditions related to the gastrointestinal tract, their prevalent symptoms are abdominal pain 

and altered bowel habits, however, they may be associated with other more or less specific 

symptoms. The gold standard in the diagnostics of IBDs is the biopsy of the pathological 

tissues, nevertheless, this technique is invasive and rather unsuitable for screening purposes.  

Another approach is the analysis of faeces, namely determination of calprotectin in stool 

samples. It is routinely used in both diagnostics and monitoring of bowel disorders, however, 

it was suggested that the use of non-steroidal anti-inflammatory drugs such as aspirin cause 

the increase of the calprotectin levels which may result in the false-positive results [19]. 

Moreover, due to the taboo associated with the faeces sampling, it is possible that patients 

might be reluctant to participate in screening and diagnostic procedures [20,21]. Because of 

that, numerous studies have been performed in order to evaluate whether inflammatory bowel 

diseases can be diagnosed using the analysis of urine’s headspace since the collection of urine 

has much higher acceptance rate among the patients [21]. The results of the recent studies 

suggest that the diagnosis of IBD may be possible using field asymmetric wavelength IMS 

[22,23]. The research indicates that it may be possible to distinguish not only between the 

samples collected from the healthy controls and from patients suffering from inflammatory 

bowel disease but also to differentiate between patients experiencing remission and those with 

an active disease [24,25].   

 

2. 3. Selected ion flow tube mass spectrometry 

Selected ion flow tube-mass spectrometry (SIFT-MS) is a technique in which the 

volatile compounds’ ionisation is achieved through reactions with precursor ions such as 

H3O
+
, NO

+
 or O2

+
. The sample is introduced along with the inert gas stream into the analyser, 

where the volatiles undergo ionization.  
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Then, the quantitative analysis of the resulting ions takes place in the quadrupole mass 

analyser (qMS). With the use of SIFT-MS device (Figure 1), direct and immediate analysis of 

numerous compounds may be performed simultaneously which may facilitate not only the 

diagnosis of diseases but also the continuous assessment of organ function. Because of its 

advantages, selected ion flow tube-mass spectrometry is used in various clinical studies e.g. in 

order to determine levels of acetone and ammonia in urine’s headspace collected from women 

during ovulation [26] or to evaluate whether the increased concentration of acetonitrile in the 

headspace of urine may be related to recent smoking behaviour [27]. Moreover, the potential 

use of SIFT-MS in the diagnosis of immune thrombocytopenia (ITP) has been recently 

investigated. 

 

 

Figure 1. Schematic representation of SIFT-MS device: a) electrical discharge ion source,  

b) injection qMS, c) helium flow, d) flow tube, e) analytes, f) urine sample, g) carrier gas,  

h) qMS, i) channeltron. 

 

 

ITP is an idiopathic, autoimmune disorder characterized by abnormally low levels 

thrombocytes and mucocutaneous haemorrhages. It is estimated that 5 in 100,000 children 

may suffer from this disease, though since thrombocytopenia may be asymptomatic or give 

only mild symptoms it is often undiagnosed. Moreover, its diagnosis is usually made by 

exclusion of other disorders as there is no targeted test for ITP [28].  

However, recent studies have shown that it is possible to distinguish between the urine 

of healthy subjects and patients with immune thrombocytopenia using SIFT-MS with the 

accuracy of 88% [29]. Based on the obtained results it is possible to say that selected ion flow 

tube-mass spectrometry may find its application in the diagnostics of ITP. 
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2. 4. Electronic nose 

An electronic nose (e-nose) is a device designed for rapid analysis of mixtures of 

volatile chemical compounds using statistical methods. Depending on its application, e-noses 

may employ a set of chemical sensors, ultrafast-gas chromatography or mass spectrometry. 

Data obtained through their use is compared with the data present in the database, which 

make it possible to distinguish between the headspace of samples collected from healthy 

controls and from those suffering from a given disease. So far, various studies have been 

conducted on the subject of the use of an electronic nose in order to diagnose urinary tract 

diseases. The possibility of using e-nose to diagnose prostate cancer has been investigated. 

Prostate cancer is one of the most common types of cancer among men. Initially, its 

development can be asymptomatic, and the symptoms appearing at the later stages of the 

disease are usually not characteristic which makes it difficult to make a diagnosis. Currently, 

it is diagnosed primarily based on a histopathological assessment of tumour sections. 

However, the results of the research suggest that the use of urine headspace analysis using e-

nose will make it possible to distinguish between patients with prostate cancer and healthy 

patients or patients suffering from other urinary tract diseases [25,30,31].  

 

Table 1. Advantages and disadvantages of the use of selected instrumental techniques used  

in the urine headspace analysis. 

 

Technique Advantages Disadvantages 

GC-MS 

 Qualitative and quantitative 

analysis 

 High sensitivity 

 Sample preparation is needed 

 Long time of an analysis 

 Complexity of use 

IMS 

 Direct analysis 

 Portability 

 High sensitivity 

 No complete profile analysis 

 Complex data analysis 

SIFT-MS 

 Qualitative and quantitative 

analysis 

 Real-time analysis 

 Direct analysis 

 Lack of portability 

 Complexity of use 

 High cost 

E-nose 

 Short time of an analysis 

 Low cost 

 Ease of use 

 Portability 

 No possibility of qualitative  

and quantitative analysis 

 Only a holistic analysis 

 

 

3.  CONCLUSIONS 

 

The possibility of the application of volatile organic compounds analysis in medical 

diagnostics has gained considerable attention, due to a variety of VOCs being reported as 
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potential disease biomarkers. Since they are often present in the headspace of urine and other 

bodily fluids, their analysis may be performed with the use of various techniques that do not 

require time-consuming sample preparation. The patients’ rate of acceptability for urine 

samples collection is much higher than in the case of faeces which may facilitate its 

application in screening and diagnostics procedures. Moreover, using urine’s headspace 

analysis is non-invasive and, in contrast to blood collection, it does not cause discomfort to 

the patient being examined. Hence, a quick, non-invasive analysis of urine headspace may be 

routinely performed in a clinical environment.  
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