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       ABSTRACT 

This survey is related to evaluation the concentration of thiocyanates in urine as a marker of smoking 
as tested in 84 clinically healthy university students aged 18-20 years and 86 school students aged 15-
18 years. 
Values obtained for the concentration of thiocyanates in urine of school children in non-smokers are - 
25,46 ± 6,19 µmol / l, in school students who smoke 10 cigarettes a day - 62,78 ± 14,10 µmol / l and in 
smokers over 10 cigarettes a day - 133.99 ± 31,65 µmol / l. 
The results showed that 84.88 percent of the surveyed school children were smokers and 29.07% of 
them smoke more than 10 cigarettes a day. 
The renovated and computerized spectrophotometric method used in this study for determining the 
thiocyanates in urine samples is suitable for serial analysis. 
The seriousness of health and social problem of smoking is confirmed on the basis of an objective 
quantitative marker for distinguishing smokers from non smokers.  
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Tobacco smoke 
Tobacco smoke contains over 4 000 chemical 
compounds of which over 100 are considered 
to be harmful for the health. That includes 
about 50 - 60 carcinogens, mutagens and some 
very irritating or toxic substances, like a small 
quantity of the deadly polonium-210 isotope. It 
is reported that a puff of cigarette smoke 
contains 1016 oxygen radicals. It was found 
that tobacco smoke can cause toxic damage to 
cells. Cigarette smoke and its oxygen radicals 
activate inflammatory cells that contribute to 
the activation of growth factors on matrix 
metalloproteinases. This causes a protease - 
antiproteases imbalance and destruction of 
tissue (1). 
_____________________________ 
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Tobacco smoke enters air when the smoker 
does not inhale the smoke into his lungs called 
sidestream smoke and also enters air when a 
smoker exhales smoke called basic smoke. The 
share of sidestream smoke is 50 - 90 % and the 
proportion of basic smoke is 10- 50 %. Side 
stream smoke is particularly dangerous for 
health because it contains more harmful 
compounds than the basic smoke. When its 
particles are mixed with indoor air, they 
become smaller in size and are assigned to the 
so-called inhaled particles (2). 
 
Smoking and Health 
Smoking has an adverse impact on development 
and health of adolescents. Tobacco smoke 
contains many toxic substances that are harmful 
for both active and passive smokers. 
 
Smoking affects the growth of the fetus of 
pregnant women who smokes. Newborn infants 
of smoker mothers are with mild retardation in 
neuro-psychological development and decreased 
cognitive abilities (3, 4). 
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Number of smokers is increasing among 
adolescents and children. The peak of early 
smoking is shifting from 18 years to 14-16 
years of age and first experiences of smoking 
occur in the first decade of development of 
children. 
 
Structural changes in DNA are observed 
among active and passive smokers in puberty. 
This is associated with infertility, reproductive 
failure and subsequently giving birth to 
disabled children. When exposed to passive 
and active smoking in childhood and adulthood 
these cancers are common - lung, throat, 
esophagus, pancreas, kidney, bladder, 
cardiovascular diseases, including heart attack, 
cerebrovascular diseases and stroke. Other 
problems caused by smoking are an increased 
risk of high blood pressure, lung diseases, 
sexual problems, including infertility, various 
allergies, worse oral health - teeth, gums, 
mouth ulcers, smoking can cause macular 
degeneration and gradual loss of vision is 
increased in smokers and risk of cataracts. (5-
8). 
 
Although smoking causes many health 
problems special attention should be given to 
its effects on the respiratory system - 
emphysema, pneumonia, chronic bronchitis, 
asthma. (9, 10). 
 
The components of tobacco smoke cause non-
specific inflammation of the bronchial mucosa 
in which along with swelling there is increased 
mucous secretion. Increased bronchial 
reactivity and bronchial obstruction are 
associated with a greater frequency of asthma 
among children who smoke or are exposed to 
passive smoking (2, 11–13). 
 
Assessment of smoking 
Often information about the statistical 
evaluation of smoking is given by surveys. 
Results depend on many factors and are not 
always reliable. Quantitative analytical criteria 
are used to distinguish smokers from non-
smokers and reported intensity of smoking. 
Hypothetically ideal marker should  be specific 
for the source of smoke, its concentration 
should increase in proportion to the 
consumption of cigarettes, also should be 
easily measured by standard techniques and 
techniques for the quantification must be 
operationally easy, economical and sensitive. 
On the other hand, measured concentration 
should not be influenced by tobacco brands, as 
well as to obtain statistically significant 

difference not only in smokers and non-
smoker, and to take account of the intensity of 
smoking.  
 
Markers of smoking are divided into two main 
groups: weather and biomarkers. Briefly, 
biomarkers are: carbon monoxide, nicotine, 
cotinine, nornikotin, thiocyanate, and anabazin 
anatabin, solanezol (Solanesol), nitrosamines, 
4-aminobiphenyl, 1-hydroxypyrene, 5-nitro-
gamma-tocopherol, N-(2-hydroxyethyl)-valine. 
(14, 15). 
 
Indicators for distinguishing smokers from non 
smokers and treatment of smoking, most often 
include measuring the level of  carbon 
monoxide (CO, COHb), nicotine (in plasma or 
serum, saliva, urine, hair, nails) cotinine 
(plasma, saliva, urine, hair), thiocyanates 
(plasma, saliva, urine) and anabazin anatabin 
(not used in pharmacological preparations as 
Anabasine anatabine or in serum, urine) (16 - 
24). The aim of the present research was to 
evaluate the intensity of smoking and the ratio 
(%), between the number of smokers and non 
smokers among students using a method for 
determination of the concentration of 
thiocyanates in urine as criteria to distinguish 
smokers from non smokers. 
 
MATERIAL AND METHODS 
Selection of the studied groups  
To determine the normal levels of thiocyanates 
in urine and to evaluate their elevated values as 
a result from the smoking two main groups of 
young people were selected. First group 
consisting of 84 medical students were used as 
clinically healthy controls (25). Medical 
students were divided into smokers and non 
smokers, based on a survey conducted on a 
voluntary basis for credibility and objectivity 
of data. Tested students are young adults who 
are independent. As future physicians, we 
believe that students have volunteered 
consciously to medical study, which is related 
to the survey. It provides information on the 
number of cigarettes smoked per day.  
 
The age of the healthy controls (18 - 20 years) 
was close to that of the other tested group (15 -
18 years) consisting of 86 secondary school 
children. School children were split into three 
groups: smokers, smoking up to 10 cigarettes a 
day and smoking more than 10 cigarettes a 
day, based on results obtained for the content 
of the thiocyanate in urine samples. Students 
were examined with questionnaire after the 
completion of quantitative research.  
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In one and the same day in morning the urine 
samples were collected and studied for 
determination of thiocyanates as a marker for 
smoking. 
 
Spectrophotrometric method for 
determination of thiocyanates in urine 
samples 
Determination of thiocyanates in urine samples 
is a noninvasive assay and is a proper marker 
to distinguish smokers from non smokers. The 
concentration of thiocyanates in biological 
samples can be determined by various methods 
- gravimetric, titrimetric, electrochemical, 
kinetic, chromatographic, atomic, 
radiofluorometric, spectrophotometric (21, 23, 
26-31). For the present survey we have used 
the method of Girandi and Grillo (32) with our 
modifications. This method is one of the 
commonly used spectrophotometric methods 
(21, 31, 33 - 35). It possesses some advantages 
over the others because is not necessary 
thiocyanates to be separated and concentrated 
preliminarily, and the presence of the other 
ions in the sample do not affect the main 
reaction. The low detection limit of the method 
allows working with less quantity of urine and 
reagents. Test relative standard deviation 
(RSD% - Relative Standard Deviation) showed 
good reproducibility of the method 2.04 % to 
6.00 %. This method is fast and its technical 
performance is easy – requires adding two 
reagents to pre-treated samples, which makes it 
applicable to serial analysis.  
 
Some authors such as Swan GE et all (36), 
consider that there are products like cane, 
almonds, nuts, beer, cauliflower, broccoli, 
sweet potatoes etc contain thiocyanates which 
can affect the marker for smoking. Other 
authors like Galanti LM (37), reported that the 
concentration of thiocyanates in biological 
samples is not affected by endogenous intake 
of thiocyanates. To avoid this short of conflict 
a control group of smokers were also included 
in the survey.  
 
Experimental 
Reagents 
All solutions were prepared from analytical – 
reagent grade substances and double distilled 
water. Laboratory glassware was immersed for 
12 h in hydrochloric acid: water (1:1), washed 
ten times with distilled water and five times 
with double distilled water and dried at 140°C. 
The glassware was kept in vacuum closed 
vessels before and after the taking samples. 

Primary solution of potassium thiocyanate 
(KSCN - Merk KGaA) was prepared by 
mixing 0.167g of thiocynate in 100cm3 of 
double distilled water. Standard solutions of 
0.1, 0.3, 0.5 mg /l, were prepared from primary 
solution of potassium thiocyanate. Acetate 
buffer, pH 4.1 is prepared by adding 10.8 g 
sodium acetate (CH3COONa • 3H2O - Merk 
KGaA) in 24 ml glacial acetic acid 
(CH3COOH - Fulka AG) and diluted to 1 liter 
with double distilled water. Reagent K is a 
clear filtrate of 1:1 mixture of 1% chloramin T 
trihydrate (C7H7CINaNO2S • 3H2O - Merk 
KGaA), and 0.1% ferric chloride (FeCl3 • 
6H2O - Merk KGaA). The two solutions were 
mixed and left for 12 h. The mixture was 
filtered. Reagent P is obtained as a soluble 6 g 
of barbituric acid (C4H4N2O3 - Merk KGaA) 
and 64 g of double distilled water, then added 
6 ml of concentrated hydrochloric acid (HCl - 
Riedel-de-Haën, d = 1.18). Shelf life of 
reagents K and P in the 0 - 4 ° C is about a 
month.  
 
Apparatus 
A Specol 11 spectrophotometer with EK – 5 
temperature- controlled cells and a PHM 64 
research pH were used. 
 
Spectrophotometric determination of 
thiocyanates in urine 
Analysis of urine samples is preceded by pre-
treatment. In dry tubes with glass covers 0.25 
ml urine and 1 ml acetate buffer were mixed, 
double distilled water was added to bring 
volume to 5.00 ml. 
 
For the determination of thiocyanates 1 ml of 
diluted urine samples was added to 1 ml of 
reagent C. The sample was mixed well for 20 - 
30 s. Then 0.4 ml reagent R was added and 
mixed again. Absorptions of the samples were 
measured after 15 - 20 min incubation   at 
room temperature at 605nm. For the 
calibration of graph for absorption vs. above 
concentration of thiocyanates (0.1, 0.3, 0.5 mg 
/ l SCN-), 1 ml of standard solutions was mixed 
with reagent P and K, and absorption was 
measured by already above described method. 
Data obtained by spectrophotometric absorbance 
of standards and sample is submitted to the 
computer and processed in the program Excel. 
Based on values for absorption of urine samples 
the calibration graph is constructed by electronic 
means of the concentration of the thiocyanates. 
The calibration graph is checked before each test 
series. 
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STATISTICAL ANALYSES  
Excel (Microsoft Corporation, Redmond, WA) 
and Statgraphics Plus (Manugistics, 
Rockville,MD) for Windows were applied in 
order to be analyzed statistically the results of the 
study. 
 
All values were expressed as mean (Х) ± 
standard deviation (SD). Student’s t-test, Ratio, 
and one-way analysis of variance (ANOVA) was 
used. Correlation analysis was performed for 

selected data sets, and data were considered 
significant when p value was less than 0.05 (р). 
 
RESULTS AND DISCUSSION: 
The results of the study with medical students are 
presented in Table 1. The values of thiocyanates 
calculated from the studied urine samples in 
smokers and nonsmokers were similar to those 
reported by other authors (16, 30).  

 
Table 1. Content of thiocyanates in urine samples of medical students 
               Tested 

Indicators 
Nonsmokers 

Smoking up to 10 

cigarettes per day 

Smoking more than 

10 cigarettes per day 

Number 42 23 19 

Thiocyanates (Х±SD),  

µmol/l 

23,25 ± 8,61 

 

55,97± 27,72 

 

147,06 ± 59,24 

 

Statistical reliability 
 

р< 0,001                           р< 0,001 

 

After determining the concentration of 
thiocyanates in urine samples of school 
students, according to data from Table 1, they 

were divided into three groups. Results for 
school children are presented in Table 2. 

 

Table 2. Content of thiocyanates in the urine samples of school children. 
              Tested 

Indicators 
Nonsmokers 

Smoking up to 10 

cigarettes per day 

Smoking more than 

10 cigarettes per day 

Number 13 47 26 

Thiocyanates (Х±SD) 

µmol/l 
25,46 ± 6,19 62,78 ± 14,10 133,99 ± 31,64 

Statistical reliability                        р< 0,001                             р< 0,001 

 
The results obtained after determination the 
quantity of the thiocyanates in urine samples and 
from the followed inquiry among the school 
children are presented on Table 3. As is seen on 
the Table 3 there was no correlation between the 
values obtained for the thiocyanates in urine 
samples and data obtained by the inquire. 
 
When the results obtained by the inquire and the 
spectrophotometrical method were compared 
considerable differences were stablished (Fig 1). 
 
Based on the present study is evident that the 
smokers are more prevalent among school 

children. Data from the questionnaire method 
showed 18% are smokers and 82% are non-
smokers. However, the measured levels of 
thiocyanates in the urine samples showed that 
85% were smokers and 15% nonsmokers. In this 
high percentage of smokers may also include 
passive smoking, but nevertheless the data were 
very disturbing (38). Comparing the present 
results obtained from the mixed gender group of 
15-18 year-olds school students, to the results of 
our formerly study with 16 years-old boys (25) 
was found that the number of smokers were 
increased by 10%.  
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    Table 3. Results obtained from the spectrophotometrical method and from the inquire. 
     (presented in %) 

                     Tested 

Indicators 
Nonsmokers 

Smoking up to 10 

cigarettes per day 

Smoking more than 

10 cigarettes per 

day 

Number of 

schoolchildren according 

to the content of 

thiocyanates in urine (%) 

13 (15,12) 48 (55,81) 25 (29,07) 

Number of 

schoolchildren according 

to the inquire (%) 

48 (55,81) 20 (23,26) 18 (20,93) 
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content of SCN¯ in urine

% schoolchildren according to the
inquire data  

Fig.  1. Comparison of the data distribution in the % of schoolchildren in groups of smokers and non smokers 
 

CONCLUSION 
The data obtained shows that students from 
senior classes of schools are exposed to the 
adverse effects of smoking. Eighty-five percent 
of them smoke and about 30% smoked more 
than 10 cigarettes a day. These results for the 
concentration of thiocyanates in urine 
confirmed the seriousness of adolescent health 
and social problem of smoking. Those 
children, who started smoking at school age, 
will probably suffer the harmful effects of 

smoking - cardiovascular, pulmonary - 
including asthma, carcinogenesis, diabetes etc. 
This requires providing basic health education 
to school students to stop smoking and 
following adequate coherent effective 
controlled European legislation. 
 
We also consider that our updated and 
computerized spectrophotometric method for 
determination of thiocyanates in urine samples 
as biomarkers for distinguishing smokers from 
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nonsmokers is suitable and also applicable for 
serial analyses. 
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