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Abstract
Background: Ethanol is considered as a toxic compound when used in excess amounts. The toxic 
concentration for ethanol was reported to be 1000 – 2000 μg.mL-1 in plasma and serum samples. 
The aim of the current study was to develop a rapid and catalyst free colorimetric method for 
determination of ethanol in exhaled breath condensate (EBC) sample.
Methods: A redox reaction with dichromate -based colorimetric method was used for 
determination of ethanol in EBC.
Results: The proposed method shows a good sensitivity and selectivity for ethanol in compared 
with other compounds and biomarkers existing in EBC. The color change can be easily observed 
by the naked eye in the presence of ethanol in the range of 300 - 8000 μg.mL-1. The quantitative 
detection of ethanol was fully validated and used for determination of ethanol in EBC of alcohol 
administrated individuals.
Conclusion: This catalyst free colorimetric method has great potential for ethanol determination 
owing to many desirable properties such as high reliability, high sensitivity, and fast response 
time.

Introduction
Ethanol is considered as a toxic compound when is used 
in excess amounts. Chronic alcohol abuse has some 
negative consequences, including poor grades, alcohol 
addiction, and car accidents1 and can be harmful for the 
liver, brain, and other organ systems, and result in certain 
types of cancers, and fetal alcohol syndrome.2 The toxic 
concentration for ethanol is reported to be 1000 – 2000 
μg.mL-1 in plasma and serum samples.3

The detection of ethanol is a crucial analytical procedure 
in biomedicine and clinical applications. Various analytical 
techniques were reported for determination of ethanol 
in various biological samples. Macchia et al.4 used a 
headspace - gas chromatography with flame ionization 
detection method (GC–FID) with a capillary column 
for determining of the spiked ethanol content in urine, 
serum, plasma, blood and saliva in the range of 500 – 3000 
μg.mL-1. Pontes et al.5 validated a GC–FID with direct 
injection, using a capillary column, for determination of 

spiked ethanol in various human body fluids including 
whole blood, vitreous humour, and urine in the range 
of 75 – 2400 μg.mL-1. De Martinis et al.6 developed a 
headspace solid-phase microextraction (HS-SPME) – GC-
FID for determination of ethanol in blood and urine in the 
range of 5 – 8000 μg.mL-1. Jones et al.7 used a GC- mass 
spectroscopy for determination of endogenous ethanol 
in breath condensates. Kucherenko and Moiseev8 used 
a 1H-NMR spectroscopy and refractometry for studying 
of the distribution of nonelectrolytes n-alcohols series 
between extracellular medium and human red blood cells. 
Jones9 used an automated enzymatic method based on 
photometry in the present of yeast alcohol dehydrogenase 
and the coenzyme nicotinamide adenine dinucleotide 
for ethanol determination in saliva in the range of 0.0 – 
1900 μg.mL-1. Gibson and Blotner10 used a photoelectric 
colorimetery for quantification of ethanol in blood and 
urine. They reported 0 - 6.5 mg. per cent for normal 
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blood and 0-2.4 mg. per cent for normal urine. Jetter,11 
Anderson,12 Shapiro,13 and Kozelka and Hine14 described 
the same method with some modification for ethanol 
determination in urine, blood and tissue samples. Another 
colorimetric method based on dichromate in the presence 
of a catalyst for ethanol determination in the exhaled 
breath was reported in the literature.15 However, no 
values from ethanol measurement were reported in these 
studies. Diskin et al.16 used a selected ion flow tube mass 
spectrometry (SIFT-MS) for determination of endogenous 
ethanol in breath samples. They were reported a mean 
concentrations in the range of 27–153 ng.mL-1. Despite 
these methods, the necessity of validating a faster and 
more precise method for determination of ethanol in the 
biological fluids is still of great importance. 
In the present study, a simple colorimetric method 
based on a redox reaction with dichromate was used for 
determination of ethanol. Ethanol is oxidized to ethanoic 
acid by reacting with dichromate in acid media according 
to the following reaction:  
3 C2H5OH + 2 K2Cr2O7 + 8 H2SO4 → 2 Cr2 (SO4)3 + 3 
CH3COOH + 2 K2SO4 + 11 H2O

The colorimetric distinction of various concentration 
of ethanol is based on the formation of green colored 
chromate ions that in mixed with the excess yellow colored 
dichromate ions produce a differentiable colors. This 
method is fully validated for the qualitative and quantitative 
detection of ethanol in exhaled breath condensate (EBC), 
as a simple biological sample, of alcohol administrated 
individuals. The novelty of the present work is mainly 
related to the development of a catalyst free colorimetric 
method for EBC samples that have a subtle difference 
with exhaled breath. In the exhaled breath analysis, the 
measurement of analytes (with high vapor pressure and 
low melting point) in gaseous form is performed,17 while 
in EBC analysis, approximately all components volatile 
than water (e.g. ethanol with boiling point of 78.37 ºC) can 
be easily condensed in the liquid phase. It is well known 
that measurement in the liquid phase is simpler and more 
reliable than in the gaseous phase.

Materials and Methods
Reagents and solutions
All reagents were of analytical-reagent grade and the 

ultrapure deionized water were purchased from Ghazi 
Pharmaceutical Co. (Tabriz, Iran). Potassium dichromate 
(Merck, Darmstadt, Germany), and sulfuric acid (Scharlau 
Chemie, Spain) were used in this study. 

Apparatus and instruments
The UV–Vis absorption spectra were recorded on a 
double-beam UV–Vis spectrophotometer model UV-1800 
(Shimadzu, Japan) with 0.5 cm quartz cells. For weighing 
the solid materials, an electronic analytical balance model 
AB204-S (Mettler Toledo, Switzerland) was employed. 

Exhaled breath condensate (EBC) collection
EBC samples were collected by using a lab-made cooling 
trap system.18,19 The EBC collection device comprises a 
cooling trap that can be set to temperature from 0 to -25 
°C. The device works by rapidly cooling exhaled air with 
consequent condensation of water vapor, as well as the 
sedimentation of aerosol particles onto a cold surface. EBC 
samples used for method validation were a pool of samples 
collected from healthy subjects. Sample donors signed a 
written consent form approved by the Ethics Committee 
of Tabriz University of Medical Sciences (IR.TBZMED.
REC.1398.755). 

General procedure 
For ethanol concentration range of 300 – 1500 μg.mL-1, 
0.092 g of potassium dichromate was accurately weighed 
into a 5-mL screw cap tube and dissolved in 4.0 mL of 
sulfuric acid: water (3:1). 250 µL of standard or sample 
solution containing ethanol was transferred into a 2 mL 
vial and then 100 µL of prepared reagent was added. The 
reaction was proceed by placing in a Ben-Marie water 
bath at 80 ºC. After completing the reaction for 8 min, the 
absorbance intensity was measured at 580 nm.
For ethanol concentration range of 1600 – 8000 μg.mL-1, 
500 µL of standard or sample solution containing ethanol 
was transferred into a 2 mL vial, 85 µL of dichromate 
solution (100 g.L–1) and 100 µL of sulfuric acid were added. 
After incubation for 5 min at room temperature, the 
absorbance intensity of samples was measured at 580 nm.

Results and Discussion
Optimization of reaction conditions
To optimize the conditions of redox reaction, parameters 

Figure 1. A selected photograph of colorimetric response of redox reaction with dichromate to the different concentration of ethanol: (A) 
300 – 1500 μg.mL−1 and (B) 1600 – 8000 μg.mL−1.
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such as concentration of dichromate and sulfuric acid and 
reaction time were examined. For this purpose, several 
trials (different ratios of reagents in various reaction times) 
were performed. On the basis that distinctive colors were 
obtained (Figure 1) with 100 µL of dichromate solution 
(23 g.L–1) in sulfuric acid: water (1:1) for ethanol with the 
concentration ranges of 300 – 1500 μg.mL-1 and 85 µL of 
dichromate solution (100 g.L–1) and 100 µL of sulfuric acid 
for ethanol with the concentration ranges of 1600-8000 
μg.mL-1. The color obtained with the reagents is dependent 
on the time and it devastated with time as the samples 
stands more than desired time reported in “general 
procedure” section. 

Method validation
Validation was performed for the presented method using 
FDA guidelines.20 System linearity, sensitivity, accuracy, 
precision, selectivity, stability and robustness were 
investigated.

Linearity 
Linearity was investigated by preparing standard solutions 
of ethanol at various concentration levels over the range of 
300 - 1500 μg.mL-1 and 1600 - 8000 μg.mL-1. The absorbance 
of each sample against respective concentration of 
analytes was found to be linear at 581 nm. The regression  
coefficients were 0.978 and 0.984. Linearity results were 
presented in Figure 2. 

Sensitivity 
The sensitivity was expressed as limits of detection (LOD) 
and quantitation (LOQ). LOD and LOQ, which are obtained 
from 3Sb/m, and 10Sb/m (in which Sb is the standard 

deviation of the blank and m is the slope of the calibration 
curve), were 82.5 μg.mL-1 and 275.0 μg.mL-1, respectively.

Precision 
For precision studies, the standard solution having 
concentrations 600, 800, 3200 and 4800 μg.mL-1 of ethanol 
were analyzed during the course of experimentation on 
the same day and on different days. For both inter-day and 
intra-day variations, analyte solutions were measured in 
triplicates and the results are summarized in Table 1. 

Selectivity
The tolerance of the validated method against some used 
drugs by various individuals was also examined. For this 
purpose, these compounds in the concentration found in 
serum of subjects receiving desired drugs and five time 
higher than these concentrations 3,21 were added in to EBC 
samples spiked with standard solution of 800 µg.mL−1 
ethanol. The obtained results are presented in Table 2. As
can be seen, all drugs tested had no interference on the 
determination of ethanol (the tolerance limit was set as the 
amount of interfering species to cause ± 10% error in the 
determination of ethanol). Furthermore, the tolerable limit 

[Ethanol] μg.mL−1
%RSD

Intra-day Inter-day

600 1.1 4.3

800 2.9 4.8

3200 1.5 2.9

4800 1.6 3.2

Table 1. Inter-day and intra-day relative standard deviations 
(%RSD) for replicated determinations for different levels of ethanol 
for redox reaction with dichromate in EBC.

Figure 2. Absorbance spectrum of reagents of redox reaction in 
the absence (a) and presence (b-f) of ethanol.

Drug Plasma conc. 
(µg.mL−1)

Tolerance limit conc. 
µg.mL−1 (∆A)

Nifedipine 0.025 – 0.100 0.31 (0.052)

Ibuprofen 10 – 30 100.00 (-0.044)

Chlordiazepoxide 0.4 – 2 6.00 (-0.062)

Sildenafil citrate 0.05 – 0.5 1.38 (0.023)

Oxazepam 0.2 – 1.5 4.25 (0.084)

Pantoprazole 2 – 4.6 16.50 (0.075)

Losartan 0.2 – 1.2 3.50 (0.153)

Clonazepam 0.01 – 0.08 0.22 (0.040)

Diazepam 0.02 – 2 5.05 (-0.102)

Celecoxib 0.05 – 0.5 1.38 (0.041)

Alprazolam 0.005 – 0.08 0.21 (0.070)

Carvedilol 0.02 – 0.16 0.45 (0.137)

Methadone 0.05 – 1.00 2.62 (0.066)

Budesonide 0.05 – 0.100 0.38 (0.04)

Paracetamol 2.50 – 25.00 68.75 (-0.020)

Table 2. Tolerance amount of interfering species in the 
determination of 800 µg.mL−1 of ethanol with absorbance (A) of 
0.369. 
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of the H2O2 as an oxidative biomarker present in EBC was 
8000 µg.mL−1 which very higher than reported level in EBC 
of the healthy or patient subjects.22,23 These results show 
that the developed method is selective for quantification 
of ethanol in EBC. 

Stability
Stability studies were performed by four concentrations of 
ethanol. EBC samples containing ethanol were freezed in 
-20 ºC and thawed for 3 cycles with interval of 24 hours 
between cycles and finally analyzed. The statistically 
differences from initial absorbance intensity value was found 
to be 1.0 – 11.0 %. The results are summarized in Table 3. 

Robustness
To examine the potential variability in the reaction 
conditions when a method is transferred from one 
laboratory to another or performed by another analyst, the 
robustness of the method was investigated and the results 
are shown in Table 4. It can be seen that the results of this 
study show no significant changes on the analytical results 
indicating the robustness of the method. 

Real samples analysis
In order to investigate the applicability of the developed 
method on the real samples, the method was used to 
determine ethanol in EBC of five alcohol administrated 
individuals. The accuracy of the established method was 
evaluated by comparing the analytical results of the method 
with results obtained from a commercially available test kit 
(Home health, UK) designed to measure alcohol content 
in exhaled breath. The obtained results are shown in Table 
5. As can be seen, our method shows 800 and 500 µg.mL-1

for samples 1 and 3, respectively which is compatible with 
the results obtained from test kit. For samples 2, 4 and 5 
which test kit show 200 µg.mL-1, our method with lower 
limit of quantification of 300 µg.mL-1 cannot detect any 
ethanol for them. These results show that the developed
colorimetric method is accurate and has a great potential 
for determination of alcohol in EBC samples.

Conclusion
In this work, a simple colorimetric method was validated 
for the detection and quantification of ethanol in EBC 
of alcohol administrated individuals. Advantages of this 
method utilizing a simple detection method include the 
minimal time required to analyze samples without any 
sample preparation or preconcentration steps which make 
it useful method for clinical applications. 
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