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WPŁYW METALI CI ĘŻKICH OBECNYCH W ŚRODOWISKU  
NA ORGANIZM CZŁOWIEKA 

Abstract:  The heavy metals mean serious risk in environmental pollution. Some of them are essential for many 
organisms in a low concentration, but the others should be toxic at low concentrations, too. The heavy metals are 
contacted through the food chain with living organisms. Industrial, transport and municipal waste origin effects of 
contaminants appear more and more in environmental pollution, and many of which earlier and nowadays got  
a large amount of heavy metals into the environment. Therefore, over the last few decades the trace element 
analytical examination of the various biological and human samples has become increasingly important. The 
human biological samples for trace element analysis of reliably detected many cases of occupational disease, 
poisoning, environmental hazards, and using the results of analyzes of health status can be characterized. This 
paper presents an example for the correlation of the concentration in human hair and in the environment of 
different heavy metals. The valley “Parád-Recsk, Hungary” has special geological capabilities. In the area of 
“Recsk” according to the deep drilling of mine company large amounts of copper, lead, zinc minerals have been 
identified. In “Parádsasvár, Hungary” worked glassworks from the early 1900s until 1995 and lead crystal glass 
was produced, which increased the air and soil lead content. In this area were monitored the quantities of heavy 
metals in soil and the human hair analysis by Flame Atomic Adsorption Spectrometry (FAAS). 
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Introduction 

Today’s conscious people are more and more distressed by the pollution of air, water, 
soil and living organizations. Collaterally, with the increasing population, the current 
economic system inspires to increase the specific production and consumption, as well. But 
securing the abundance means higher and higher exploitation and pollution of nature. 

The chemical environmental load - especially the accumulation of microelements and 
toxic heavy metals - has a medical, biological, ecological significance. Some of heavy 
metals are essential for living beings; however others are toxic even in small concentration. 
Those get into the material flow cycle and come into interaction with living creatures. They 
can take effect through the soil-plants-water-animals-man food chain, because they affect to 
the enzymatic and physiological processes. At the beginning the living beings react upon 
the increased load of heavy metals by metabolism and function disorders, later by 
evolutionary and reproductive disorders. After certain time this load can cause destruction. 

The most significant environmental pollutant heavy metals are: cadmium (Cd), copper 
(Cu), lead (Pb) and zinc (Zn) etc., in large amount the iron (Fe) and manganese (Mn) are 
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pollutants, too. These heavy metals are getting to the environment by weathering of  
soil-forming rocks and minerals, and by the emission of chemical fertilizers, soil improving 
materials, pesticides, organic fertilizers, wastewater and sludge, due to industrial and 
mining activity and due to traffic [1]. Several authors have been reported [2, 3] in case of 
the analysis of workers exposed to high heavy metal concentrations high Cr, Co, As, Se, Zr 
and Cd concentrations in their hair. In the case of high exposure, the heavy metal pollution 
can be measured as high heavy metal concentration in hair, but also may indicate their low 
or high amount in the case of certain diseases. The correlation of hair calcium concentration 
and infarct was investigated [4]. It was found that the hair calcium concentration is closely 
related to heart disease. Infarct patients have about half of the normal Ca concentration 
level in their hair. The aim of our study was to determine several heavy metal uptake of 
human body, which was characterized by heavy metal concentrations in the hair. In this 
paper cadmium, lead and iron concentration in soils near village “Parád” is presented. It 
was found in the soil that there is a high heavy metal solution, therefore it was interesting to 
study their effect for local residents. 

Materials and methods 

Sampling 

Sampling of soils 

Figure 1 shows the different spots and places of sampling. 
 

 

 
Fig. 1. Soil sampling sketch diagram and examination on the spot 

Sampling of human hair 

The majority of the samples derived from inhabitants of village “Parád” (45 hair 
samples from “Parád”, Hungary, the remaining 11 hair samples were taken from various 
points of the country, 2 samples from “Kecel”, 1 sample from “Szabadszállás”, 1 sample 
from „Miskolc”; 1 sample from “Pórtelek”, 1 sample from “Hódmezővásárhely”, 1 sample 
from ”Zalaegerszeg”; 1 sample from “Gödöllő”).  
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Table 1 
Properties of hair samples 

No. Age Gender Smoking Hair was washed Coloring (type) 
1 15 woman no yes no 
2 18 woman no yes no 
3 20 woman yes yes Schwarzkopf Palette 
4 20 woman no no no 
5 20 woman no yes no 
6 22 woman yes yes no 
7 22 woman no yes no 
8 22 woman no no no 
9 31 woman yes yes Kallos-Wellaton 
10 31 woman no yes no 
11 31 woman no yes no 
12 32 woman no yes Kallos 
13 41 woman yes yes Schwarzkopf Palette 
14 43 woman yes yes no 
15 43 woman yes yes no 
16 49 woman yes yes no 
17 50 woman yes yes Schwarzkopf Palette 
18 50 woman no yes Igora Royal 
19 52 woman yes yes Londa Bellady 
20 61 woman no yes no 
21 61 woman yes yes no 
22 61 woman no yes Garnier 
23 65 woman no yes no 
24 23 woman no yes no 
25 23 woman no yes Garnier blonde 
26 23 woman no no no 
27 24 woman no no no 
28 40 woman no no no 
29 5 boy no yes no 
30 15 man no yes no 
31 16 man no no no 
32 17 man no no no 
33 17 man no no no 
34 17 man no yes no 
35 19 man no no no 
36 19 man no no no 
37 20 man yes yes no 
38 23 man no no no 
39 28 man yes no no 
40 29 man no no no 
41 33 man yes no no 
42 39 man yes no no 
43 47 man yes no no 
44 50 man no no no 
45 50 man no no no 
46 52 man yes no no 
47 53 man yes no no 
48 53 man no no no 
49 68 man no no no 
50 80 man no no no 
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No. Age Gender Smoking Hair was washed Coloring (type) 
51 15 man no yes no 
52 14 man no yes no 
53 23 man yes yes no 
54 23 man no yes no 
55 27 man no yes no 

 

Soil sample preparation 

Soil samples 

Preparation of soil: In order to remove pieces of root, the samples were sifted with 
sieve (diameter: 2 mm). Then these were left to dry. 

Moisture content and pH determination: Determination of the moisture content and pH 
were made according to standard No. MSZ 21470-2:1981 [5]. 

Hair samples 

Cutting and purification of hair samples 

The collected hair samples were put into polyethylene bags, closed into them, and then 
put it in the freezer [6]. The samples were cut into small pieces (approximately 0.3 cm in 
length) with special scissors before the digestion.  

To avoid contamination, a titanium nitride coated scalpel [7] was used for hair 
sampling or plastic or quartz cutter were suggested [8]. These devices are expensive, fragile 
and difficult to access, therefore their use is not widespread in routine. 

Then, each sample was put into an ultrasonic bath, in which firstly with bidistilled 
water then three times with diethyl ether were washed and finally once again with 
bidistilled water. The cleaned samples were dried at 70 °C for 24 hours to constant weight, 
then the samples were digested [9, 10]. 

Digestion of the samples by Milestone 1200 mega microwave oven 

Soil and hair microwave digestion: The samples were digested by a Milestone 1200 
Mega Microwave Digester with the following process: 

Digestion of soil samples [11]: about 0.5 g dry matter soil was taken into each bomb. 
Then 5 cm3 65 % HNO3 and 2 cm3 30 % H2O2 were added before starting the digestion 
program. 

Digestion of hair samples: about 0.5 g hair samples were measured into Teflon bombs. 
Then, 2 cm3 30 % hydrogen peroxide and 5 cm3 cc. nitric acid were added and let to stay in 
the solution for half an hour and then put the bombs into the microwave oven for half an 
hour. After that, the bombs were put into water cooling for half an hour and when those 
were cooled and opened under a fume hood. The suspension made was filtered into 25 cm3 
standard flask, then it was filled up with high purity distilled water. The samples were 
stored in a refrigerator until the instrument measuring. The digestion was done according to 
the „Cook-book” recipe of Milestone mega 12000 microwave oven. Table 2 contains the 
recipe of digestion in microwave oven. 
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Table 2 
Digestion program for soil and hair samples 

Steps Time [min] 
Soil / Hair 

Efficiency [Watt] 
Soil / Hair 

1. 5 / 2 Digesting, 250 / 250 
2. 2 / 2 ventilation 
3. 5 / 6 Digesting, 400 / 250 
4. 5 / 5 Digesting, 250 / 400 
5. 7 / 5 Digesting, 700 / 600 

Heavy metal detection  

The concentration of measured heavy metals was determined by atomic absorption 
spectrometry (Soil: “Buck 200A”, Hair: "ATI Unicam 939 FAAS") with standard addition 
method. 

Statistical analysis 

Statistical analysis was done by SPSS 19.0 for Windows. 

Results and discussion 

Cadmium concentration in soil samples near village “Parád” 

 

 
Fig. 2. Cadmium concentration in soil samples near „Parád” 

 
According to ANOVA, the cadmium concentration depends significantly on sampling 

place (Least Significant Difference LSD5% = 0.37, p = 5 %). Figure 2 shows, that cadmium 
concentration near “Parád” exceeds the threshold limit value according to Government 
Joint Decree No. 6/2009. (IV. 14.) KvVM-EüM-FVM [12]. The pollution limit for 
cadmium is 1 mg/kg d.m.  

Comparison of cadmium concentration of investigated hair samples  

The average cadmium concentration of all hair samples was 10.54 ±0.40 µg/g. 
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The average cadmium concentration of female hair samples was 9.36 ±0.30 µg/g. 
The average cadmium concentration of male hair samples was 11.73 ±0.20 µg/g. 
Figure 3 shows that the average cadmium concentration in case of female hair is 

significantly lower than in other investigated areas. The female hair samples from „Parád” 
have not shown any significant differences between them.  

 

 
Fig. 3. Cadmium concentration in female and male hair samples 

 
The average cadmium concentration of male hair samples (Fig. 3, right) was  

11.73 ±0.20 µg/g. Figure 3 shows that the average cadmium concentration in case of male 
hair is significantly higher than in other investigated areas. The male hair samples from 
“Parád” have not got any significant differences between them. 

Having compared the female and male samples, it can be said, that in average, the 
concentration of male hair samples are higher than concentration of female hair samples. 

It can not be found any significant difference in cadmium concentration of hair 
samples between non-smokers and smokers. Higher cadmium concentration was found in 
hair samples from “Parád” than from the other areas. The tested soils had high cadmium 
concentration, which can cause this result. But in the case of female hair, opposite trends 
can be seen. The detecting of such causes requires further study. 

Lead concentration in soil samples near village „Parád” 

The statistical analysis of the samples depends on the lead content significantly  
(p = 5 %) of the sampling site, LSD5% = 8.85. The threshold limit for lead is 100 mg/kg d.m.  

According to Figure 4, that the concentration of the samples next to the main road 26 
was higher than the threshold limit, so they belong to the B rating category soil that is 
polluted. 

The sampling site was from approx. 10 km away from “Parádsasvár”, where there was 
an operating Glass Factory, which for a long time made lead crystal products, resulting in  
a significant lead contamination that may have been the area's atmosphere and the soil, too. 
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Fig. 4. Lead concentration in soil samples near „Parád” 

Comparison of lead concentration of the investigated hair samples 

The average lead concentration of all samples was 87 ±11 µg/g. 
The average lead concentration of female hair samples was 85 ±10 µg/g. 
The average lead concentration of male hair samples was 88.8 ±1.4 µg/g. 
Figure 5 shows that the average lead concentration in case of male hair is significantly 

higher than in other investigated areas. After a comparison the average lead content of hair 
samples (Fig. 5) it can be said, that in male hair samples have not got significant differences 
in lead concentration, than in female hair samples.  

 

 
Fig. 5. Lead concentration in female and male hair samples 

Iron concentration in soil samples near village „Parád” 

The soil samples near „Parád” contain averagely 18.545 mg/kg of iron (Fig. 6). 
The iron concentration of the soil samples depends significantly (p = 5 %) on the 

sampling site (LSD5% = 9467.17). It the case of the iron concentration, very different values 
can be found depending on the sampling place. 
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The iron content of the sampling areas has extremely high value compared to other 
areas of Hungary. The Hungarian regulations did not contain pollution limit values for iron. 

 

 
Fig. 6. Iron concentration in soil samples near „Parád” 

Comparison of iron concentration of investigated hair samples 

The average iron concentration of all samples was 170 ±34 µg/g. 
The average iron concentration of female hair samples was 155 ±15 µg/g. 
The average iron concentration of male hair samples was 185 ±40 µg/g. 
The samples from “Parád” have not got significant differences in iron concentration in 

female hair than from other areas. Figure 7 shows, that the samples from “Parád” have 
significant higher iron concentration in male hair than from other areas. Having compared 
the female and male hair concentration, it can be sad, that the iron concentration in men 
hair samples are significantly higher, than in female hair samples. That is understandable 
because of physiological cause. 

 

 
Fig. 7. Iron concentration in female and male hair 
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Conclusions 

According to the summary of the results, it shows that the distribution may be 
described on the basis of gender: heavy metal content of male hair is higher than in female 
hair samples. In the measured heavy metals lead, cadmium, and iron showed a higher 
concentration in the case of men and it can be assumed that the male body can accumulate 
more heavy metals. Earlier, in “Parád” a Glass Factory produced lead crystals. The people’s 
hair samples from “Parád” was not found significantly higher lead concentrations in hair 
samples than from other areas. In order to find the reasons further investigation is needed. 
More samples should be collected for the studying and more information is needed about 
the life of investigated people. 

A great part of literature dealing with heavy metal contamination is caused by 
smoking. The different amounts of cadmium and lead are also contained in tobacco. One 
cigarette contains generally 1-2 µg of cadmium and 0.6-17 µg of lead [13]. No significant 
differences were found in hair samples in lead and cadmium concentration between 
smoking and non-smoking people. 

It was also found, that the painted hair has higher lead, iron and cadmium 
concentration. The amount of cadmium is in direct proportion to increases with age, it is 
excreted from the human body difficultly. 

The soil samples from region “Parád” have extremely high iron content. The organism 
of people living there did not include higher iron concentration in their hair samples 
according to examinations described above than from other areas of the country. It may be 
concluded, that the iron present in the soil in large quantities is not raising the living 
condition of the body. 

To summarize, based on the average of the test results, it was found that as age 
increases lead, cadmium and iron concentration of hair increase proportionately, too. 
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WPŁYW METALI CI ĘŻKICH OBECNYCH W ŚRODOWISKU  
NA ORGANIZM CZŁOWIEKA 

Abstrakt:  Metale ciężkie stanowią poważne zagrożenie jako zanieczyszczenia środowiska. Niektóre z nich są 
niezbędne dla wielu organizmów w niskim stężeniu, ale pozostałe mogą być toksyczne również w małych 
stężeniach. Metale ciężkie ulegają translokacji poprzez łańcuch pokarmowy do żywych organizmów. 
Zanieczyszczenia pochodzenia przemysłowego, transportowego i z odpadów komunalnych coraz częściej 
zanieczyszczają środowisko, a wiele z nich dostarcza dużą ilość metali ciężkich do środowiska. Dlatego w ciągu 
ostatnich kilku dekad coraz ważniejsze staje się badanie różnych pierwiastków w próbkach biologicznych  
i ludzkich. Analiza ludzkich próbek biologicznych na obecność pierwiastków śladowych pozwala również wykryć 
wiele przypadków chorób zawodowych, zatruć, zagrożeń środowiskowych i dokonać oceny stanu zdrowia.  
W artykule przedstawiono przykład korelacji stężeń różnych metali ciężkich w ludzkich włosach i w środowisku. 
Dolina "Parád-Recsk, Węgry" ma szczególne cechy geologiczne. W obszarze "Recsk" wzdłuż głębokich 
odwiertów kopalni odkryto duże ilości miedzi, ołowiu i cynku. W "Parádsasvár, Węgry" działała huta szkła od 
wczesnych lat XX w. do 1995 r., gdzie wytwarzano szkło ołowiowe, co zwiększało zawartość ołowiu w powietrzu  
i w gruncie. Na tym obszarze monitorowano ilości metali ciężkich w glebie i w ludzkich włosach za pomocą 
absorpcyjnej spektrometrii atomowej z atomizacją płomieniową (FAAS). 

Słowa kluczowe: ryzyko środowiskowe, metale ciężkie, włosy ludzkie, toksyczność 


