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ABSTRACT
The contribution presents results of measurements and evaluation of concentrations 
of nano- and microparticle aerosols in a joinery, metallurgical operation and uranium 
ore mine. The obtained results have been analyzed from the viewpoint of potential 
toxicity and in respect to the shape of nanoparticles. The contribution also presents 
results of tests of effectiveness of respirators as primary and basic personal protection 
equipment.

1. Introduction 
	 Nanoparticles have been accompanying humankind since the time immemorial. 
They are generated during fires, volcano eruptions, as a result of erosion, chemical 
decomposition of organic matter and by anthropogenic activities, e.g. burning of 
fossil fuels (thermal power plants, combustion engines, etc.) and recently also engi-
neered nanoparticles have been made in research laboratories and in industrial plants. 
Nanoparticles were used already in the past, despite the fact that their users were 
not familiar with their essential properties (in glassmaking, ceramics - glazes, chemical 
catalysis, metallurgy, production of soot, etc.) At present we would hardly find a field 
of human activity that does not use nanotechnologies and nanomaterials, including 
their use in many areas of everyday life.
	 After negative experience with some materials (e.g. DDT, PCB, dioxins etc.) the gen-
eral public all over the world seeks to appeal to research centers and producers to 
observe the so-called precautionary principle also in case of nanomaterials and nano-
technologies. 
	 When asking a question about what potential risks nanomaterials pose we can di-
vide them into the following categories:
-	 risks for health (toxicity),
-	 risks for the environment (ecotoxicity),
-	 physicochemical risks, i.e. they may cause fire, explosion, uncontrolled and undesired re-
actions,
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-	 in the future it is impossible to exclude even non-
ethical uses of nanotechnologies and nanoparticles 
by third persons (criminal or terrorist acts, war con-
flict).
	 The first two potential risks are very closely con-
nected as the very occurrence of nanoparticles in 
individual components of the environment en-
ables their contact with living organisms.
	 In general, particle toxicity is influenced by a 
number of parameters including particle type, size, 
shape, concentration, distribution in the environ-
ment, water solubility, chemical reactivity, frequen-
cy and duration of exposure, interactions with oth-
er airborne chemicals, pulmonary ventilation and 
individual immunological condition [1-12].
	 The presence of nanoparticles in a living organ-
ism results in a number of interactions between 
their surfaces and biological systems. The interac-
tions may lead to formation of protein coronas, 
wrapping of particles, intracellular absorption and 
biocatalytic processes, which may have both posi-
tive and negative results in terms of the toxicity. 
The organic world intertwines with the synthetic 
world of man-made nanomaterials. The nano-bio 
interfaces are created, associated with dynamic 
physicochemical interactions, kinetic and thermo-
dynamic exchanges between surfaces of nano-
materials and surfaces of biological components 
(proteins, membranes, lipids, DNA, biological liq-
uids etc.). A background research focusing on in-
teraction at the nano-bio interface [13] has shown 
that only very little is known about what happens 
with nanoparticles inside a cell. Nanoparticles may 
cause a wide range of intracellular reactions which 
depend on their physicochemical properties, intra-
cellular concentration, duration of contact etc. (see 
table 1) 
	 In operations where nanoparticles are generated 
(particularly dust producing operations) the work-
ers are mostly primarily endangered by inhalation 
of nanoparticles. The human respiratory tract con-
sists of three sequential regions assisting the fil-
tration effect, including nasopharyngeal, tracheo-
bronchial and the pulmonary regions 
	 The respiratory system can be considered a pri-
mary site of toxicity for the inhaled particles and, 
following absorption and depending on their 
physicochemical properties, a pathway for the in-
haled chemicals (particles of a particular chemical 
composition) to reach other organs and tissues 

distant from the lung and elicit their toxic effects at 
extrapulmonary sites [15]
	 Nanomaterials have a superior potential to travel 
throughout the living organism compared to their 
corresponding conventional material at the larger 
scale. 

Table 1: Nanomaterial characteristics and possible biological ef-

fects [14].

Nanomaterial  
characteristics

Possible biological effects

Small size distribution 
(less than l00 nm)

Crossing tissue and cell 
membranes

Cellular injury

Phagocytosis impairment, 
breakdown in defense me-
chanisms

Migration to other organs

Transportation of other envi-
ronmental pollutants

Large surface area/
mass ratio 

Increased reactivity

Increased toxicity

Surface characteristics

ROS generation

Oxidative stress

Inflammation

Cytokine production

Glutathione depletion

Mitochondrial exhaustion

Cellular injury

Protein and DNA damage

Insolubility or low 
water solubility 

Bioaccumulation inside living 
systems such as human cells, 
tissues and lungs

Potential long-term effects

Aggregation

Interruption of cellular pro-
cesses

Cellular injury

	 Responses to inhaled materials range from im-
mediate reactions to long-term chronic adverse 
effects, from single tissue level to systemic dis-
eases [1, 3]. Large scale epidemiological studies 
have demonstrated that exposure to air pollution 
particles and ultrafine particles contribute signifi-
cantly to increased respiratory and cardiovascular 
morbidity and mortality [16 - 20].
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	 For the reasons indicated above we have already 
performed a number of measurements of distribu-
tion of nanoparticles in the course of anthropo-
genic activities, such as operation of the Prague 
subway, riding on a city bus, shooting, welding etc. 
[21].
	 The following contribution describes measure-
ments of distribution of aerosol nano- and mic-
roparticles in dust producing operations, such as a 

joinery, steelworks and steel rolling plant and min-
ing of uranium ore in an underground mine. In the 
course of the measurements we also tested respi-
rator efficiency and focused on shape of nano- and 
microparticles in the collected samples, which may 
influence the anticipated toxicity and ecotoxicity.
The measuring points in dust producing opera-
tions are shown in Figure No. 1.

Fig. 1: Selected measuring points in operation with high exposure to dust: a) grinder with abrasive band, b) slab continual casting – steel-

works, c) scarfing machine – steelworks, d) pusher furnace – steel rolling plant, e) rolling mill train, f ) feeding of loose material into mine 

trucks .

a b 

c d 

e f 
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2. Measuring Instruments 
	 The measurements of aerosol particles were 
conducted with SMPS (Scanning Mobility Par-
ticle Sizer) 3934 consisting of CPC (Condensa-
tion Particle Counter) 3022 (working in the low 
regime) and EC (Electrostatic Classifier) 3071 
equipped with DMA (Differential Mobility Ana-
lyzer), probe 3081 and impactor 0.0457 cm. The 
measurements were conducted using the setup 
scanning interval of 5 minutes, which enabled 
collection of samples in the range from 14 nm 
to 740 nm. 
	 Measurements of FIT factors of the protec-
tive respirators, device PortaCount Pro+ 8038 
TSI, method MAZL – 40/11 (SÚJCHBO), OSHA 
29CFR1910.134.
	 Weight capture of aerosol particles used Siou-
tas 225-370 cascade impactors. The personal 
cascade impactor consists of four impaction 
levels and an underlying filter that enables sort-
ing and sampling of airborne particles in five 
size intervals. Samples were collected with the 
personal impactor which used the sampling 
device QuickTake30 at the constant flow rate 9 
l.min-1. 
	 Evaluation of shape and size of nano- and mi-
croparticles collected in the individual opera-
tions was performed with electron microscope 
made by FEI, model Quanta 450 FEG, high fiber 
method, ETD detector (secondary electrons) 
and BSE (back-scattered electrons).

3. Joinery
	 The hall of the selected joinery (MIRROR CZ, 
spol. s r.o., branch Holubice), where we per-
formed measurements of nanoparticles during 
processing of exotic woods, had the area of 700 
m2 and the volume of 3500 m3. The hall and 
the individual technology elements were con-
nected to a filtering extraction system made 
by Cipres Filtr with the power output 37 kW, 
equipped with a box filter Carm situated out-
side the hall. 
	 Initially, we performed pilot measurement of 
the quantity of nanoparticles released by tech-
nological operations, such as drilling, cutting, 
milling and grinding on a grinding machine 
with an abrasive band. As the concentration 
of nanoparticles measured during the last op-
eration was by two orders of magnitude higher 

than that at the other operations we focused 
on that most risky technological operation. The 
presented experiment was conducted at night 
on the grinding machine with an abrasive band 
and it was used for grinding of surfaces of exotic 
woods present on the Czech market (Massaran-
duba, Ipé, Garapa, Teak, Bilinga, Jatoba, Bangki-
rai, Merbau, Faveira) with abrasive paper, using 
the speed 17 m/s and abrasive grain AA 100.
During wood processing on the grinder we 
determined the level of wood reduction by 
grinding (the biggest reduction was found for 
Garapa, for Merbau it was 3 times lower), we 
measured distribution of nano- and micropar-
ticles, we took samples of sedimented dust for 
IR analysis, microscopic analysis of shape of the 
particles and we also used TGA and DSC analy-
ses to determine thermal stability of the dust as 
a risk factor affecting potential fire risk [22]. We 
also investigated optically stimulated lumines-
cence and biological activity to E. coli etc. The 
experiment included an efficiency test of the 
REFIL 530 respirator – protective equipment for 
operator of the grinding machine with an abra-
sive band. One of the reported indicators of ef-
ficient protection of the respiratory tract is the 
FIT factor. It is generally defined as a ratio of the 
concentration of particles in the surroundings 
and the number of particles behind the protec-
tive barrier. Although the FIT factor expresses 
the reduction of particles concentration as a 
result of the respiratory tract protector, a more 
practical expression is the so-called efficiency of 
the protective equipment S, indicated in %.
3.1. Distribution of nanoparticles in the premises with 
an abrasive band grinder and the FIT factor
	 The results of measurements of distribution 
of the nanoparticles collected during grinding 
on the grinder with abrasive band [Figure No. 1, 
measuring point a)] for certain ground woods 
are provided in Figure No. 2. Next to them there 
are diagrams for the same woods with results 
of measurement of numbers of particles outside 
and inside the respirator, as determined during 
specified activities performed by the tested per-
son. The activities were performed for 1 minute 
each and they included normal breathing, deep 
breathing, head moving from side to side, head 
moving up and down, talking, bending down 
and in the end again normal breathing.



94 VOLUME 17, No. 2, 2013

Fig. 2: Distribution of wood nanoparticles and numbers of particles outside and inside the respirator.
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(dřevina = wood; částice v okolí = particles outside the respirator, 

částice pod respirátorem = particles inside the respirator

Počet částic = Number of particles

Provedené úkony v časovém interval 60 s na úkon = performed ac-

tivities lasting 60 seconds each

Normální dýchání = normal breathing, Hluboké dýchání = deep 

breathing, Hlava ze strany na stranu = Head moving from side to 

Table 2: Individual FIT factors and overall effectiveness of the protective respirator.

Defined activity FIT factor

Massaranduba Ipé Garapa Teak Bilinga

Normal breathing 19 21 30 18 39

Deep breathing 21 17 25 23 37

Head moving from side to side 18 23 32 13 38

Head moving up and down 11 14 15 16 27

Talking 18 16 18 30 26

Bending down 46 16 36 10 31

Normal breathing 16 22 134 25 113

Overall FIT factor 18 17 26 16 35

Respirator efficiency S 94.4% 94.1% 96.2% 93.8% 97.1%

side, Hlava nahoru dolů = Head moving up and down, Mluvení = 

Talking

Ohýbání v pase = Bending down, Normální dýchání = normal 

breathing)

	 The measured values were used to calculate the 
FIT factors and efficiency of the protective equip-
ment – S (see tab. No. 2).

	 The diagrams showing quantities of particles 
outside and inside the respirator (see Figure2) and 
values in the table No. 2 indicate a certain correla-
tion between values of the FIT factor and the ac-
tivity performed by the tested person. The lowest 
factor, i.e. the lowest efficiency, has been found for 
the movement of the head up and down and for 
talking. The explanation may be the untight edge of 
the respirator on the face (e.g. caused by grimaces 
when the person is talking). On the contrary, the 
highest factor was found for normal breathing with-
out other movements.
	 It is also interesting to mention how the concen-
trations of particles of individual woods change in 
time in the course of grinding. For Garapa and Teak 
woods there was no pulsating character of concen-
trations as it was the case with the other woods (e.g. 
Massaranduba wood demonstrated a kind of regu-
lar pulsating concentrations).

4. Steelworks
	 The basic objective of steelmaking in the oxygen 
convertor used in EVRAZ Vítkovice Steel, a.s. is to re-
move undesired contamination from the raw iron 
melt by oxidization. The oxidization process is dis-
continuous and it may be divided into the following 

steps: a) preparation and storage of the metal melt, 
b) pre-treatment of the metal melt, c) oxidization 
in the oxygen convertor, d) secondary metallurgy, 
e) casting. Before experimental measurements we 
tried to identify locations with potentially increased 
levels of emissions but we also had to consider safe-
ty of the measuring workers and sensitivity of the 
employed instrumentation to the environment in 
some measuring points, e.g. high temperature, ex-
plosive environment etc.
The compromise locations selected as measuring 
points for the distribution of nanoparticles the slab 
casting and the scarfing machine. The measure-
ment of weight capture of aerosol particles with 
personal cascade impactors was performed in the 
convertor hall of the steelworks at various distances 
from the convertor door and on a platform above 
recasting of liquid iron.
4.1 Distribution of nanoparticles in locations of slab con-
tinual casting and at the scarfing machine 
6 spectrums were measured in the range from 14 to 
736 nm and the average values are shown in Figure 
No. 3 and Figure No. 4.
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Fig. 3: Distribution of aerosol particles of slab continual casting.

 

Fig. 4: Distribution of aerosol particles at the scarfing machine.

 

	 The main peaks around 20 nm are mutually cor-
responding but higher concentrations of nanopar-
ticles are found in the proximity of the scarfing 
machine, while there are also particles with the di-
ameter around 120 nm. Also the overall concentra-
tion of particles in the nano area is higher by one 
order and their weight is 5x higher (166 µg/m3 com-
pared to 28 µg/m3).

5. Steel Rolling Plant 
	 The steel rolling plant is also the property of EVRAZ 
Vítkovice Steel a.s. After adjusting their dimensions 
the steel slabs weighted and moved into the pusher 
furnace.
	 The rolling mill has two pusher furnaces with the 
capacities of 75 and 90 t.hour-1. The pusher furnaces 
have door openings and pushing equipment. The 
furnace has a pre-heating zone, heating zone and 
equalizing zone. The furnace is heated with natu-
ral or converter gas using burners. Combustion 
products are removed in the direction opposite to 
the slab movement. After opening the door of the 
pusher furnace, as shown in Figure No. 1d), the pre-
heated slab (ca. 1000 - 1200°C) is transported on a 
rolling mill train to the rolling stand - Figure No. 1e). 
Before that iron scale is removed by water beam 

sprayed by hydraulic adjustable jets (15-25MPa, 
flow rate 54 l.s-1). Further, the so-called secondary 
descaling is performed on rolled out pieces, on the 
bottom and upper surfaces. The rolling train also in-
cludes a thickness gauge, shears for hot transverse 
cutting, leveling machine and it is terminated with 
two cooling beds. 
5.1. Distribution of nanoparticles in the premises of the 
steel rolling train and pusher furnace
	 The measurements of quantities and distribution 
of nanoparticles were performed at the steel rolling 
train, one 15 m from the rolling stand and the other 
at the pusher furnace, 8 m from the furnace door. 
The individual spectrums obtained from the mea-
surements (the device counts the particles for 3 
minutes and for 2 minutes it evaluates the data) 
made it possible for us to determine the total con-
centration graphically and to determine the geo-
metric diameter of the particles (geom).
	 A comparison of diagrams in Figure No. 5 - 6 shows 
that the number of measured nanoparticles is by 
one order higher at the pusher furnaces than at the 
rolling train. On the contrary, the geometric diame-
ter of the particles at the train is slightly smaller than 
at the furnaces. During the measuring campaign at 
the pusher furnaces the measured values of quanti-
ties of nanoparticles had a pulsating character with 
the difference up to 200 thousand particles. The 
cause was primarily the open doors of the furnaces 
(see Figure No. 6, spectrum No. 1) because during 
the measuring campaign the pre-heated slab was 
moving out. The measured quantities of particles at 
the rolling train were fairly leveled – see Figure No. 
5, although preheated slabs passed 3 times by the 
measuring point during the campaign.

Fig. 5: Total concentration of particles, including geometric diam-

eter of particles at the steel rolling train. (Celková koncentrace = 

total concentration, číslo spectra = spectrum number).
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Fig. 6: Total concentration of particles, including geometric diame-

ters of particles at the pusher furnace. (Celková koncentrace = total 

concentration, číslo spektra = spectrum number).

 

	 A comparison of averaged values of distribution 
of nanoparticles measured at the steel rolling stand 
and at the pusher furnace is provided in a graphic 
form in Figure No. 7. The diagram indicates an ex-
ponential growth of the number of nanoparticles of 
small diameter at the pusher furnace.
	 At the same time, effectiveness of the REFIL 530 

Fig. 7: Comparison of the distribution of nanoparticles at the roll-

ing stand and at the pusher furnace.

(Aerodynamický průměr = aerodynamic diameter, Válcovací trasa 

= rolling train, Narážecí pec = pusher furnace)

 

FFP 2 respirator was tested in the measured prem-
ises with the result 90.9 – 99.1%. As an example we 
present the measured values of aerosol nanopar-
ticles outside and inside the respirator in a graphic 
form with calculated values of the FIT factor and ef-
fectiveness at the rolling train (see Figure No. 8).

 

Fig. 8: Diagram showing numbers of particles outside and inside the respirator at the rolling train 8 m from the rolling stand, calculated 

FIT factor and respirator efficiency.

Počet částic = Number of particles, Částice v okolí = particles outside the respirator, Částice pod respirátorem = particles inside the respirator

Definované úkony = defined activities, FIT factor = FIT factor, Účinnost respirátoru = Respirator efficiency, Normální dýchání = normal 

breathing, Hluboké dýchání = deep breathing, Hlava ze strany na stranu = Head moving from side to side, Hlava nahoru dolů = Head 

moving up and down, Mluvení = Talking

Ohýbání v pase = Bending down, Normální dýchání = normal breathing

Celkový FIT FAKTOR = Overall FIT factor, Účinnost respirátoru S = Respirator effectiveness S

* Activities accompanied by escape of steam from the rolling machine towards the measuring point.

6. Deep Mining of Uranium Ore 
	 The last active mine for uranium ore in the Czech 
Republic and Europe is in Rožná in the Bohemian-
Moravian Highlands. Since 1992 it has been a part of 
the state enterprise DIAMO.
	 The rock complex on the territory with deposits 
consists mainly of biotitic and amphibol-biotitic 
paragneisses that are differently migmatized and 
they enclose zones of amphibolite, erlan intercala-
tions, crystalline limestones, quartzite, serpentinite 

and pyroxenite.
	 Uranium ore mineralization occurs in three types: 
zonal, venal and metasomatic. The uranium ore min-
eralization is of hydrothermal origin and it is local-
ized in tectonic disturbances. The main ore minerals 
are uranite (UO2) and coffinite (UO2)SiO2. There is 
also uranophane and metacolloid hydrated uranium 
oxides – uranium blacks (often in association with 
pyrite and markasite), as well as autunite, torbernite, 
curite, opals containing uranium and other uranium 
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minerals [23 - 25]. The average metal content of the 
deposit is 0.08 – 0.15%.
	 The non-uranium mineralization is represented 
by graphite, carbonates, quartz, baryte, oxides, sel-
enides, sulfides, zeolites.
The main heavy metals contained in the minerals 
are Pb, Zn, Mn, Cd, As.
6.1. Measurements of quantities of aerosol nanoparticles 
and efficiency of various respirator types 
	 Measuring of quantities of aerosol nano- a mi-

Table 3: Average values of the measured aerosol nanoparticles, FIT factor and efficiency of respirators.

cro- particles was conducted on the 21st floor, 
1050 m under the ground. The measurements were 
performed during the morning shift, 2 hours after 
a blast (March 2013). Scraped loose material was 
transported into an ore chute and mine trucks were 
loaded discontinuously (see Figure No. 1f )). The 
measurements were conducted at the same loca-
tion, including determination of efficiency of three 
types of respirators. The results are provided in table 
3.

Respirator type Average concentration 
of aerosol outside the 
respirator [n.cm-3]

Average concentration 
of aerosol inside the 
respirator [n.cm-3]

FIT factor a) Respirator efficiency a)

[%]

SERGE 
FPP2U

256 428 47 485 5.4 81

REFIL 530 
FFP2

255 142 22 802 11.8 89

Triosyn T – 5000 V, 
FFP-3

154 142 917 917.5 99,99

REFIL 530
FFP2 used 

361 428 8 910 40.5 97

a) averaged values measured during the experiment while the tested person wearing a respirator was performing specified tasks (each for 1 minute, normal 

breathing, deep breathing, head moving from side to side, talking, bending down, normal breathing).

	 The concentration of nano- and microparticles 
achieved in the proximity of the tested person was 
higher than e.g. in the course of grinding of exotic 
woods with a grinder with abrasive band or during 
casting and rolling of slabs in the steel works.
	 The table 3 indicates that the least effective respi-
rator was SERGE while Triosyn T 5000V was positively 
the best from the viewpoint of interception of par-
ticles and thus protection of employees. In respect 
to the found residual concentration inside the respi-
rator we have also considered the option of desorp-
tion from the respiratory tract of the tested person 
who was a smoker. 
	 The increased effectiveness of the REFIN respirator 
(used for 2 hours in the premises) can be explained 
by its partial clogging but it was at the expense of 
breathing comfort which was at the edge of toler-
ability. We dare conclude that the respirator cannot 
be used for the entire shift. 

7. Interception of Aerosol Particles on Impactor 
Filters in the Monitored Dust Producing 

Operations
	 As mentioned in the introductory section, one of 
the risk factors of inhalation of micro- and nanopar-
ticles, apart from concentration, chemical compo-
sition and size of the particles, is their surface. The 
surface influences fixing of the particles in respira-
tory organs. A textbook example is the difference in 
toxicity of Saharan sand (round particles – worn by 
years of erosion) and glass sand (sharp particles – 
risk of silicosis). An impactor was used in the course 
of monitored technological operations to collect 
samples of intercepted particles. Subsequently, the 
particles were investigated with electron microsco-
py.  Examples of the images are in shown Figure No. 
9 – sharp particles of organic origin, Figure No. 10 
– irregular shape of iron and carbon particles, Figure 
No. 11 – spherical particles or partly oxidized iron, 
Figure No. 12 – mixture of irregular metal particles 
of zinc and iron in form of pyrite in the environment 
of aluminum silicate and magnesium silicate, Figure 
No. 13 – uranium cation identified with a cross in a 
mixture of irregular shapes.
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Fig. 9: Electron microscope image of intercepted nano- and mic-

roparticles of Massaranduba woods during grinding – joinery.

 

Fig. 10: Electron microscope image of nano- and a microparticles 

at the pusher furnace.

 

Fig. 11: Electron microscope images of intercepted of nano- and microparticles from steelworks during raw iron casting.

 
 

 
 

 Sorting limit (2,5 µm)            Sorting limit (1 µm) 

     

  Sorting limit (0,5 µm)            Sorting limit (0,25 µm) 
 

 

Fig. 12: Electron microscope images of nano- and microparticles from the uranium ore mine..
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Fig. 13: Electron microscope images from uranium ore mine environment with identification of uranyl (cross)..

8. Conclusions
	 Inhaling of aerosol micro- and nanoparticles leads 
to their deposition in the human respiratory tract 
and in many cases it is assumed that they are trans-
ported into other terminal organs. Numerous epide-
miological studies have determined their negative 
effect on respiratory and cardiovascular systems in 
sensitive members of the population [20]. 
	 In respect to toxicity, in many cases we face a 
question of the roles of concentration, chemical 
composition and shape of the particles. Chemical 
composition of wood is extremely varied and unsta-
ble [26]. Apart from dominant components, such as 
cellulose, hemicellulose and lignin, it contains many 
substances from the categories of terpenoids, phe-
nols, tannins, quinones, stilbenes, proteins, alkaloids 
etc., which may feature biological activity, both fa-
vorable and unfavorable. In respect to the shape of 
the particles, sharp particles that we identified dur-
ing grinding of some exotic woods (e.g. Massaran-
duba, Jatoba) seem to be the most risky. They may 
have a similar effect on the organism as asbestos.
	 Round shapes of nanoparticles of partly oxidized 
iron that we identified at the recasting of raw iron 
probably reduce their toxicity, simplify transport 
from alveoli by breathing out (if we disregard the 
role of specific weight).
	 The appropriate concentration of iron, as an es-
sential element, is important for human health: it is 
involved in transport of oxygen (hemoglobin, myo-
globin) in cellular breathing. If the concentration of 
iron in the organism exceeds the capacity of trans-
port and spare proteins for iron then it starts depos-
iting in tissue. Increased deposition of iron in tissue 
causes fibrotization and reduction of functional tis-
sue. The main symptoms are development of liver 
hemosiderosis and later cirrhosis, diabetes type II, 
cardiomyopathy, arthritis etc. 

	 A discussion evolved relating to determination 
of a permissible concentration uranium in drinking 
water [27]. An analysis which was made as a result 
of the professional discussion has shown [28 - 32] 
that the absorbed uranium enters the bloodstream 
quickly and forms a mobile ion complex of hydro-
carbonate and uranyl (UO2 HCO3)+. The complex 
is quickly transported by blood, particularly to kid-
neys and bones. It damages epithelium of the kid-
ney proximal tubuli, disturbs their resorptive func-
tion and it has a cytotoxic effect (nephrotoxicity). In 
the skeleton the uranyl ion replaces calcium in the 
hydroapatite complex of the crystalline bone grid. 
Moreover, it has been demonstrated that it can 
penetrate the placental barrier. Genotoxic and car-
cinogenic effects have not been demonstrated and 
developmental toxicity was demonstrated in higher 
doses. 
	 In metallurgical operations and in ore mines it 
is necessary to take into account the presence of 
heavy metals. The toxicity is caused by bonding 
of their electrophilic cations to –SH, -COOH, -NH2 
groups, i.e. biomolecular groups (proteins), since 
they change their structure, function and operate 
as enzymatic poisons. They also inhibit cell division. 
They catalyze reactions that produce free radicals – 
oxidative stress [33]. Very dangerous is the ability of 
metals to accumulate in various body tissues. An-
other potential process is the so-called bio-methyl-
ation, i.e. transformation of the inorganic form of the 
metals into the organic form, which is mostly associ-
ated with an increase of toxicity and which occurs 
in the digestive tract of vertebrate. Another factor af-
fecting their toxicity is the presence of several met-
als and their ions which may have a synergic effect 
on the toxicity. The so-called metal fume fever is a 
well known disease explained by formation of com-
plexes of e.g. zinc and nickel with proteins in alveoli 
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of the lungs or in plasma and they subsequently op-
erate as foreign proteins and make the organism to 
respond. 
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