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Abstract. The thiosemicarbazide method for spectrophotometric determination of 
acetaldehyde (AcH) in whole blood is presented. The concentration of 
thiosemicarbazone formed in slightly acidic medium was determined at 260 nm. The 
influence of non-specific chromogens present in blood was eliminated by simultaneous 
AcH distillation and thiosemicarbazone formation. The oxidation of AcH in blood 
samples was prevented by chloral hydrate addition. The presented method was found 
two folds more sensitive than a spectrophotometric determination of AcH by 
semicarbazide. Due to its simplicity and sensitivity as well as to the use of low cost 
equipment, this method should be a valuable complement to expensive GLC or HPLC 
determinations of AcH. 
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1. INTRODUCTION 

Acetaldehyde (AcH) is the principal metabolite of ethanol metabolism. It is produced 
by enzymatic oxidation with alcohol dehydrogenase, as well as, by non-alcoholic 
dehydrogenase systems [1]. 

Because of its chemical reactivity AcH is likely to contribute to the manifestations of 
acute and chronic alcohol intoxication [2]. It has also been suggested that AcH 
concentration may be the discriminatory factor of alcoholism and that an inherited 
abnormal metabolic response in some individuals may have ethiological importance [3]. 

The studies of metabolism and the effects of AcH have been hampered by analytical 
difficulties related to its assays. Various difficulties are inherent in the attempt to 
determine blood AcH levels. Some of AcH can bind to erythrocytes and be oxidized by 
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erythrocyte aldehyde dehydrogenase [4] leading to AcH disappearance in treating blood 
samples. After taking ethanol, the level of AcH is extremely low in healthy individuals 
and the presence of many compounds may influence the determination, rendering it 
nonspecific. 

Numerous methods were proposed for AcH determination. Older, enzymatic [5] and 
spectrophotometric methods [6] are lacking specificity, sensitivity and reliability. The 
most commonly used spectrophotometric method based on the reaction with 
semicarbazide, was found insufficiently sensitive. Specific gas-chromatographic (GLC) 
and high-pressure liquid chromatographic (HPLC) determinations are time consuming, 
needing sample pretreatment and expensive equipment [7]. Thus, there has, so far, no 
reliable method for AcH determination [8]. 

It is therefore necessary to develop a simple, inexpensive, but sensitive method to 
quantitate the blood AcH level. The simultaneous distillation and spectrophotometric 
determination of blood AcH levels based on reaction of AcH with thiosemicarbazide was 
proposed. 

All relevant factors that may influence the spectrophotometric analysis were 
investigated. The conditions for elimination of nonspecific influences and the stability of 
blood AcH level were determined too.    

2. EXPERIMENTAL 

All reagents used were of analytical grade purchased from Merck (Darmsradt) or 
Sigma Chemical Co. 

Blood specimens were prepared by adding 4.00 mL of fresh blood to 1.00 mL of 
solution containing citric acid (4.7 g/L), sodium citrate (16 g/L), glucose (25 g/L) and 
chloral hydrate (0.25 mol/L). 

Thiosemicarbazide reagent (4 µmol/L) was prepared in sodium phosphate buffer 
pH = 6 (0.2 mol/L). The thiosemicarbazide reagent was found stable for 30 days at 
+4 °C. AcH stock standard solutions (1 g/L) were prepared by freshly distilled AcH and 
stored at –23 °C. Shortly before use, stock solutions were diluted with cold water 
(10 °C). 

Calibration graph was constructed by mixing 0.5 mL of AcH solutions (0.5-7.0 mg/L) 
and 3.0 ml of thiosemicarbazide reagent. After incubation for 30 minute at 25 °C the 
absorbance at 260 nm was measured against a reagent blank. 

Concentration of AcH in blood was determined by AcH distillation from 1.00 mL of 
blood samples, heated at 45 °C in vacuum, into 5.00 mL of buffered thiosemicarbazide 
solution. Distillation was performed within 45 minute and the concentration of the 
formed thiosemicarbazone was determined, after dilution to 10.00 mL with sodium 
phosphate buffer at 260 nm against the reagent blank. 

The semicarbazide spectrophotometric determination of AcH was performed by the 
use of semicarbazide solution (6.7 µmol/L) in sodium phosphate buffer pH = 7 
(0.2 mol/L). The concentration of semicarbazone was determined at 226 nm [6]. 

The spectrophotometric measurements were performed by the use of Beckman DU-
50 spectrophotometer. 
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3. RESULTS AND DISCUSSION 

By distillation of blood AcH into thiosemicarbazide solution, thiosemicarbazones of 
AcH were formed, exhibiting absorption maximum at 260 nm (Fig. l). 
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Fig.1. Absorption spectra of AcH ( _._._.- ), sodium phosphate buffer ( ...... ), 

thisemicarbazide ( _______ ) and thiosemicarbazone ( ____ ).  

Many parameters that may cause some influences upon the spectrophotometric 
determination of AcH were investigated, such as the pH-optimum , thiosemicarbazide 
concentration, and rate of thiosemicarbazone formation, elimination of nonspecific 
effects of other blood constituents, as well as the stability of blood AcH. The correlation 
with semicarbazide AcH spectrophotometric determination [6] was made, too. All 
experiments were performed by the use of standard AcH solution as well as with as with 
blood samples with AcH addition. 

3.1. The optimum pH-region, thiosemicarbazide concentration and the rate of 
AcH-thiosemicarbazones formation 

As the formation of thiosemicarbazones of AcH is pH dependent the optimum pH-
region for AcH-thiosemicarbazone formation was determined. The experiments were 
performed in a pH-region between 2-7 by the use of AcH solutions (0.5-7.0 mg/L) and 
buffered thiosemicarbazide solutions. Simultaneous optimum thiosemicarbazide 
concentration was determined by the use of thiosemicarbazide solutions of various 
concentrations (0.5-5.0 µmol/L). 

As can be seen from results presented in figs 2 and 3 the maximum AcH-
thiosemicarbazone formation was obtained by the use 4 mmol/L of buffered 
thiosemicarbazide solution pH = 6. 
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Fig. 2.  Effects of pH on AcH-thiosemicarbazones formation by the use 
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 Fig. 3. Effects of thiosemicarbazide concentration on AcH thiosemicarbazones 

formation: 0.5 µmol/L ( ----- ), 1.0 µmol/L ( - - - ),  2.0 µmol/L ( ...... ),  
3.0 µmol/L (-.-.- ), 4.0 µmol/L ( -..-. ) and 5.0 µmol/L( ..... )    

The rate of AcH-thiosemicarbazone formation was analyzed by the use of AcH 
solution (30 mg/L) and buffered thiosemicarbazide solution (pH 6 and 7, concentration 
4 mmol/L). The intensity of absorbance was determined in 30 s intervals during 
100 minutes. On the basis of experimental data AcH-thiosemicarbazone formation was 
complete within 30 minutes. The absorption must be presently determined.  
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3.2. Determination of AcH in blood samples 

Since numerous blood constituents form thiosemicarbazones, the effect of all these 
compounds upon the spectrophotometric determination of AcH was investigated. The 
most common interference of volatile blood compounds is the presence of increased 
concentration of acetone. 

In experiments dealing with the addition of various amounts of acetone to blood 
samples containing AcH (0.5-7.0 mg/L) the optimum separation of AcH was obtained by 
fractional distillation during 45 minutes at 30 °C with air flow of 2.0 ± 0.2 m/s, with 
recoveries of  98.7 ± 2.7%. 

A quickly decrease of AcH concentrations in blood specimens as a consequence of 
AcH oxidation or/and interaction with various biomolecules [9]. This decrease is 
especially evident in the presence of erythrocytes, namely erythrocyte’s aldehyde 
dehydrogenase (ALDH). In order to prevent AcH decrease protein precipitation, 
cyanamid or calcium carbide addition [10,11] and ALDH inhibition with chloral hydrate 
[12] were proposed. 

By analyzing AcH in blood samples, with and without chloral hydrate addition, it was 
experimentally confirmed that chloral hydrate addition ensures the AcH blood level 
stability. By analyzing blood specimens containing AcH between 5-30 mg/L in a 
described manner, the level of AcH was found stable within 24 hours and the recoveries 
of  99.7% were obtained. 

3.3.  Comparison of 
thiosemicarbazide 
and semicarbazide 
spectrophotometric 
methods for AcH 
determination 

The proposed thiosemicar-
bazide method was correlated 
with the most commonly used 
semicarbazide spectropho-
tometric determination [6]  of 
AcH in blood. AcH solutions in 
concentration ranges of 1.0-7.0 
and 0.1-1.0 mg/L were analyzed 
by both methods. The results 
obtained are presented in fig. 4.  

On the basis of results pre-
sented it can be concluded that 
the described thiosemicarbazide 
method was found two folds 
more sensitive as compared to 
previously reported semicarba-
zide method for AcH determi-
nations. At the same time thio-
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semicarbazide method was found more reproductive (r = 0.999) as compared to r = 0.951 
for semicarbazide method. The calibration graph was found to be linear between 0.1-
200 mg/L of AcH, with a linear regression equation being y = 0.0112 x + 0.00033. 

4. CONCLUSION 

On the basis of all the results, the proposed thiosemicarbazide spectrophotometric 
method for blood AcH determination was found simple, reproductive, sensitive and 
specific, being superior to semicarbazide or other spectrophotometric methods previously 
reported. Also, it can be realized with inexpensive instrumentation, thus being a valuable 
complement to expensive GLC or HPLC determinations of AcH.  
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SPEKTROFOTOMETRIJSKO ODREĐIVANJE ACETALDEHIDA 
U KRVI SA TIOSEMIKARBAZIDOM 

V. Djurdjić, S. Stojanović  

U radu je opisana metoda za spektrofotometrijsko određivanje acetaldehida (AcH) u krvi. Kao 
reagens upotrebljen je tiosemikarbazid a apsorpcija nastalih u slabo kiseloj sredini 
tiosemikarbazona određuje se na 260 nm. Uticaj nespecifičnih hromogena prisutnih u krvi 
eliminiše se destilacijom AcH sa istovremenim građenjem tiosemikarbazona. Oksidacija AcH u 
uzorcima krvi sprečena je dodatkom hloral hidrata. Opisana metoda se pokazala osetljivom u 
odnosu na spektrofotometrijsko određivanje AcH sa semikarbazidom. Zbog svoje jednostavnosti, 
osetljivosti i ekonomičnosti ova metoda može predstavljati korisnu zamenu za GLC i HPLC 
određivanja AcH.  

Ključne reči:  acetildehid (AcH), tiosemikarbazid, spektrofotometrijsko određivanje, 
tiosemikarbazon 


