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Abstract. The pathogenesis of metal fume fever is based on non-specific, non-allergic activation of macrophages or pulmonary epi-
thelial cells with local and systemic release of pyrogenic chemotactic mediators. This is confirmed by an increase in the number of
inflammatory cytokines and acute-phase proteins in the onset of metal fume fever. Interleukin-6 is an early, highly sensitive biomarker
of exposure to zinc- and copper-containing metal vapours. Oxide particles or released matrix metalloproteinases act as allergens, or
zinc oxide acts as a hapten and combines with protein to form a complete antigen. There are 17 main symptoms of metal fume fever
and there is currently no specific test to diagnose it. Treatment options are limited to symptomatic relief, including analgesics, nonste-
roidal anti-inflammatory drugs and salicylates, antacids and antihistamines, bronchodilators and, if necessary, cardiovascular drugs,
oxygen therapy and alkaline inhalation. In severe syndromes with reduced oxygen saturation, the initial treatment is high-flow nasal
oxygen therapy. In most cases, the prognosis is positive, with rapid and complete recovery within 12 to 48 hours of cessation of expo-

sure to metal fumes. Adequate occupational hygiene should be maintained to prevent the occurrence of inhalation fever.
Key words: metal fume fever, pathogenesis, clinic, treatment, prognosis, prevention.

Pathogenesis

The pathogenesis of metal fume fever (MFF) is based
on non-specific non-allergic activation of macrophages or pul-
monary epithelial cells with local and systemic release of py-
rogenic chemotactic mediators. The mechanism of MFF is not
fully understood, but it is thought to be associated with systemic
neutrophilis and cytokine activation, usually with increased con-
centrations of IL-6 and IL-8 [1-3].

This is confirmed by an increase in proinflammatory cyto-
kines and acute phase proteins at the onset of metal fume fever.
TNF-g, IL-1B and IL-6, which act as endogenous pyrogens, are
considered to be the main direct triggers of febrile iliness and
its associated symptoms. TNF-a and IL-1 stimulate each other’s
production through positive feedback, and IL-1 and TNF-a are
potent inducers of IL-6 production [4]. Thus, under the influence
of endopyrogens, the ‘set point’ of the hypothalamic thermo-
regulatory centre is adjusted to a higher level and the reference
point for normal temperature is shifted upwards. The new tem-
perature regime is now taken as the basis for regulation, and the
body does everything necessary to ensure that the already el-
evated temperature is maintained.

IL-6is an early, highly sensitive biomarker of exposure to
metal vapours containing zinc and copper [5]. The development
of systemic inflammation occurs in parallel with an increase in
serum IL-6 levels, which can be observed as early as 6-10 hours
after exposure to metal vapour, with a dose-dependent acute
phase response [4-7]. TNF-a levels peak 3 hours after exposure
to metal aerosols and appear to play an important role in the
development of MFF. These cytokines may be the pyrogens that
cause the febrile state [8].

Several studies have shown an increase in C-reactive pro-
tein (CRP) after single and repeated exposure to zinc and cop-
per welding fumes [9-14], that is not specific [8]. For metal aero-
sol containing 1.20to 1.50 mg/m? of zinc, the highly sensitive
CRP increased the day after exposure. No increase in CRP was
detected at air pollution levels of 0.90 mg/m? [15]. In an experi-
ment on volunteers, an increase in serum CRP levels was found
24 hours after exposure to welding fumes during the brazing of
metals using inert gas [6]. Other studies have shown an increase
in serum CRP and acute phase amyloid A protein 29 hours after
exposure to zinc and copper metal aerosols [4, 5, 7].
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Chronic increases in CRP and myeloperoxidase indicate an
increased cardiovascular risk, which was determined in volun-
teers exposed to welding fumes containing zinc and copper [4,
7,10,13].

The interaction of immune factors promotes inflammation,
leading to the involvement of neutrophils and a systemic re-
sponse in the form of fever [8]. Laboratory tests may show non-
specific leukocytosis with a left shift [3, 11, 16-19].

Neutrophils, monocytes and acute phase proteins
in the blood increased 22 hours after exposure to micro- and
nanoscale ZnO [4, 7, 10]. Over time, neutrophilic leukocytosis
changes to lymphocytosis [17]. Nonspecific markers of inflam-
mation are elevated, and the erythrocyte sedimentation rate
sometimes reaches 120 mm/h [11, 12]. Moderate anaemia, ba-
sophilic erythrocyte granularity, transient hyperglycaemia, and
increased bilirubin levels are noted [17].

Traces of protein, leucocytes, cylinders, porphyrin, often
porphyrin, are found in the urine, the amount of urobilin is in-
creased [17]; urinary a,-antitrypsin and inter-a-trypsin H4 heavy
chain inhibitor may indicate early lung function decline in metal
fume exposed shipyard workers, highlighting the need for bet-
ter health and safety monitoring to reduce respiratory risks [20].

Serum levels of inflammatory markers showed a significant in-
crease compared to baseline 6 or 24 hours after the first exposure
and remained elevated throughout all subsequent exposures [13].

In some rare cases, allergic mechanisms may be involved in
the pathogenesis of MFF, but then metal fume fever may be ei-
ther a misnomer or superimposed on bronchial asthma or hy-
persensitive pneumonitis [3, 4]. Cases of IgE-mediated immuno-
logical reactions causing urticaria and angioedema during an
acute episode of MFF have been described and confirmed by
others [4, 8, 17, 21, 22]. This is because the effector mechanisms
can overlap and cause similar symptoms. The mechanism of a
type | hypersensitivity reaction involves the activation of Th,-
lymphocytes, which induce B-lymphocytes to produce IgE an-
tibodies. These antibodies bind to high-affinity FceRI receptors
on mast cells and basophil granulocytes. After secondary expo-
sure to an allergen, the cross-linking of IgE antibodies on these
cells causes them to be activated and release mediators such as
histamine, enzymes, heparin, prostaglandins and leukotrienes,
leading to the characteristic symptoms [4].
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Various hypotheses have been proposed, such as oxide par-
ticles or released matrix metalloproteinases acting as allergens,
or zinc oxide acting as a hapten and forming the full antigen in
complex with protein. It is possible for the immune system to
produce an antibody against the Zn-containing antigen, form-
ing an immune complex with it, and it is also possible to pro-
duce secondary antibodies against the primary immune com-
plex. Depending on whether the primary immune complex or
the secondary antibody concentration dominates, the body
may develop either tolerance or MFF [4]. These conditions have
some clinical overlap with hypersensitivity pneumonitis, a lung
disease caused by bioaerosols and certain chemicals that induce
specific cellular and humoral immune responses [3].

Clinic

There are 17 leading symptoms of MFF, in the vast majority
of cases the number of registered symptoms ranged from one
to seven:

+ Fever —51%

« Abdominal cramps — 8%.

+ Rash —4%.

- Diarrhoea — 8%.

+ Dizziness/vertigo — 8%.

+ Muscle weakness — 19%.

+ Tachycardia — 50%.

» Hypotension — 8%.

+ Chill — 25%.

« Shortness of breath — 8%.
+ Ailments — 14%.

+ Cough/wheezing — 11%.

+ Flu-like symptoms — 100%.
+ Headache — 23%.

+ Nausea/vomiting — 11%.

+ Myalgia — 19%.

« Tongue paresthesia — 1% [22, 23].

MFF debuts as an acute attack, which is similar to malaria or
influenza and usually occurs in three stages.

1. The latency period lasts from the moment of inhalation
of highly dispersed aerosol vapours until the first signs of the
pathological process appear. The onset of MFF symptoms is de-
layed by 3 to 10 hours (rarely up to 48 hours) after exposure to
the pathogenic factor; symptoms may appear after the work-
er has completed the shift, making it difficult to identify a link
between symptoms and occupational exposure [1, 6,8, 11, 18,
22-24]. During this period, respiratory damage develops in the
form of denaturation of their protein structures and the release
of these substances into the bloodstream. There are no clinical
symptoms [17, 24].

2. The prodromal period lasts 4-5 hours. There is conjuncti-
val and pharyngeal hyperaemia and scleral injection. Some of
the first characteristic symptoms are excessive salivation, sweet-
ish/metallic taste in the mouth associated with throat irritation,
shortness of breath and thirst, abnormal taste sensations, gen-
eral malaise, headache, weakness, nausea, vomiting, drowsi-
ness. dry, non-productive, hacking cough, chest and back pain,
difficulty breathing, shortness of breath, chills with excessive
sweating, chills and shivering, subfebrile temperature, myalgia,
arthralgia and fatigue. Only a quarter of patients experience re-
spiratory symptoms. In the prodromal period, pulmonary venti-
lation disorders are reflexive (bronchospasm, bronchiolospasm).
The results of physical examination of the lungs are usually nor-
mal, sometimes high-frequency whistling sounds (wheezing) or
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rales are heard. The most common objective signs are fever and
sinus tachycardia. Abdominal pain, nausea, and vomiting are
rare[1,3,4,6,10,11,13,18,19, 25].

3. The immediate feverish phase (<real fever») lasts 5to
8 hours. Sometimes symptoms peak after 18 hours, and MFF is
diagnosed within the last 48 hours of exposure to metal vapour
[8, 22]. The condition is characterised by a sharp rise in body
temperature to 39-40° C, the patient has redness of the skin,
chills, shivering, generalised tremor, headache, drowsiness, de-
lirium, loss of consciousness, pupil dilation. Tendon reflexes are
increased. Allergic manifestations in the form of urticaria and
rarely angioedema are possible. Myalgia and arthralgia may be
observed. Shortness of breath is noted and the development
of unilateral or bilateral pneumonia, sometimes without fever,
cannot be excluded. X-rays may show a blurred lung pattern
or small-focus bilateral diffuse shadows. Gastrointestinal dis-
turbances (abdominal pain, nausea, vomiting, diarrhoea) and a
slightly enlarged and tender liver may be present. Initial chest
x-ray findings are usually without pathological signs, but mild
vascular congestion may be observed, and in severe cases dif-
fuse patchy infiltrates and progression to acute respiratory dis-
tress syndrome (ARDS) may be seen. A pulmonary function
test in the acute phase may show a decrease in lung capacity,
which normalises with recovery. Pulse oximetry is usually nor-
mal. Laboratory tests are not required in most cases but may
show leukocytosis with a left shift, followed by lymphocytosis,
increased erythrocyte clotting rate, transient hyperglycaemia
and increased inflammatory markers. Traces of protein, leuko-
cytes, casts, increased amounts of urobilin and porphyrins are
detected in the urine. This is followed within a few hours (usually
5-8) by a sharp lytic drop in body temperature, accompanied by
profuse sweating. Deep sleep ensues, after which the patient’s
condition is significantly improved [1, 11, 17, 22-24, 26].

Over 90% of MFF cases are mild [8]. As a rule, this is a benign
and self-limited pathological process that disappears within
12 to 48 hours after exposure to metal vapour is stopped and
does not require special treatment [1, 8, 11, 18, 22, 23, 27], fol-
lowed by short-term tolerance to zinc oxide vapour, which dis-
appears within one to two days after avoiding the provoking
factor [23]. It often takes four days for full recovery [4, 11, 18, 23],
but symptoms may reappear with repeated exposure [1, 14].

Although metal vapour fever is usually benign and mostly
resolves on its own, severe cases have been reported, particu-
larly in patients with pre-existing respiratory disease. ARDS with
fever, hypoxia, tachypnea, pneumonitis, pericarditis and aseptic
meningitis requiring mechanical ventilation arerare[1,8, 11, 18].
Complications may develop in the form of focal pneumonia or
toxic pulmonary edema [17].

The disease can recur if a person is repeatedly exposed to
metal vapours [4]. Repeated exposure to these substances and
attacks of metal fever cause changes in the body’s immunologi-
cal reactivity, activation of the endogenous microflora, and a de-
crease in tolerance to external infectious agents [17].

Repeated exposure to metal vapour can cause tachyphylaxis
(greek: Tayuc — fast; puAaic — immunity, protection) — a sud-
den acute decrease in sensitivity to a particular substance after its
administration, i.e. the development of tolerance. This may occur
after an initial dose or after a series of exposures to low concentra-
tions. Increasing the dose of a substance can sometimes restore
the initial inflammatory response [17, 28]. One theory of MFF toler-
ance is that the synthesis of the protein metallothionein isinduced,
which binds heavy metals and prevents their accumulation [22],
and others suggest that tolerance is provided by competition be-
tween two types of antibodies [4]. In some reported cases, symp-
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toms of MFF have disappeared during the period of re-exposure.
This phenomenon is known as ‘induced transient immunity’ and
can last as long as exposure is repeated every other day. If there is
a break in exposure of two days or more, symptoms may reappear.
Temporary immunity may explain why MFF often recurs in work-
ers who are not regularly exposed to metal vapour [4].

Continuous exposure to metal aerosols over a week often re-
sults in tachyphylaxis, with the most severe symptoms following
a period of non-exposure (e.g. weekends) and improvement dur-
ing the working week. In a retrospective review of cases, the most
common day of symptom onset was Monday, with a steady de-
crease in the incidence of MFF during subsequent working days
of the week [24]. Unlike symptoms that do not reappear with re-
peated exposure, systemic inflammation can persist, indicating a
potential risk to welders [10, 29]. As for stereotypical symptoms
that have developed over many years, they can occur regularly, as-
sociating sudden fever up to 40° C, morning nausea, night sweats
and chest pain with pleural characteristics [19, 30]. Symptoms are
usually mildest on Sunday and worst on Monday and Tuesday af-
ter returning to work. There is improvement during the working
week, but re-exposure to the pathogen after returning to work
leads to a return of symptoms such as fever, malaise and wheez-
ing. This is why it is sometimes called ‘Monday morning fever’[8,
19]. Most of the symptoms occurred on Monday (24-35%) and
Tuesday (21%), with the fewest on Sunday (3-4%) [11, 17, 18].

There is currently no specific test available to diagnose MFF
[23]. Due to the similarity of symptoms to influenza-like illness,
MFF remains an under-diagnosed pathological condition [1, 4,
14, 22, 23]. The verification of the disease is primarily based on
clinical data, anamnesis, exposure and time of onset of symp-
toms of metal vapour exposure [1, 22, 23, 25, 271.

The occupational nature of the disease is usually fairly easy
to establish. The nature and conditions of work, sudden onset,
clinical features, recurrence and group nature of the disease
should be taken into account [27, 31].

There is little information in the literature on the long-term
effects or complications of the pathological effects of metal ox-
ide fume. It has been hypothesised, but not conclusively proven,
that MFF may lead to long-term cases of occupational asthma.
Chronic exposure to extremely high concentrations of zinc ox-
ide vapour or dust for more than six months may contribute to
the development of bronchial asthma, chronic obstructive pul-
monary disease, pneumoconiosis and other pulmonary fibrosis
(chronic beryllium disease, ‘cobalt lung’), lung cancer, dermatitis,
furunculosis, conjunctivitis and gastrointestinal disorders [11,
18,23, 32]. In case of acute exposure to cadmium vapour, restric-
tive lung disease can last for life [33].

Treatment

The condition is usually mild and resolves on its own [8]. Long-
term treatment of MFF is quite rare [24]. In more severe cases, hos-
pitalisation may be required for intravenous hydration and cooling
[1]. Treatment of fever caused by metal fumes is mainly support-
ive and symptomatic. The first line of treatment is to give plenty
of sugary drinks (and oral rehydration in the case of dehydration),
warmth (warm baths) and bed rest [1,8,11, 14, 17,18, 31].

Treatment options are limited to symptomatic relief of the dis-
ease, including analgesics, non-steroidal anti-inflammatory drugs
(antipyretics) and salicylates, antacids and antihistamines, broncho-
dilators and, if necessary, cardiovascular drugs (cardiac glycosides),
oxygen therapy, alkaline inhalation. Intravenous administration of
40% glucose solution with ascorbic acid (300 mg) is indicated. The
development of pneumonia is an indication for the use of antibac-
terial agents (amoxicillin/clavulanic acid) [4, 17, 26, 31].
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It is not recommended to prescribe oral or intravenous cor-
ticosteroids a priori, as their effectiveness in metal smoke fever
is not supported by a specific evidence base [11, 18, 33]. How-
ever, if the bronchospasm is severe (asthmatic status), glucocor-
ticoids (dexamethasone, methylprednisolone) and inhaled non-
selective B -, B,-agonists (nebulised salbutamol) may be useful
[4,8,14,17,26,31].

In severe MFF with a decrease in oxygen saturation in the
pre-hospital stage (very rare — up to 80%), the initial treatment
is high-flow nasal oxygen therapy (the development of oxygen
dependence is not excluded) [8, 26]. In the case of severe hyper-
sensitivity pneumonitis, bilevel positive airway pressure and en-
dotracheal intubation may be considered [8].

There are practically no recommendations in the available
literature on the use of chelators and other heavy metal anti-
dotes for the treatment of MFF, as there is no clear evidence base
for their efficacy in metal fever, since the primary mechanism of
development of this pathological condition is an inflammatory
reaction, not metal intoxication [33].

It is therefore very important to distinguish between MFF
and life-threatening inhalation poisoning by heavy metals (thal-
lium, mercury, arsenic, beryllium, cobalt, etc) and their com-
pounds, which often cause fever [31, 33, 34]. If intoxication with
heavy metal compounds is suspected, even if the MFF is overlaid
with a severe poisoning clinic, in addition to oxygenation and re-
spiratory therapy, repeated gastric lavage with the introduction
of enterosorbents and intestinal lavage is performed, complete
detoxification, antidotal and symptomatic therapy using radical
detoxification methods such as forced diuresis, peritoneal di-
alysis, haemodialysis, haemosorption, plasma sorption, plasma-
pheresis and hyperbaric oxygenation [35, 36].

Inhalation of zinc chloride aerosol when using a smoke bomb
is associated with a life-threatening combination of MFF and in-
halation chlorine poisoning, as evidenced by the presence of
a period of moderate recovery. This results in severe ARDS with
severe parenchymal respiratory failure. Such patients require pro-
longed protective mechanical ventilation in the PCMV-APV mode
with high PEEP (up to 20 cm H,0) against a background of artifi-
cial myoplegia. Early prone positioning results in effective alveolar
engagement during the acute exudative phase of ARDS, improv-
ing oxygenation by minimising blood shunting in patients with
severe refractory hypoxaemia. Clinicians have successfully used
the prostacyclin drug epoprostenol by continuous inhalation at
a dose of 0.05 pg/kg/min with a gradual decrease in concentra-
tion over 48 hours, although there are currently no powered ran-
domised clinical trials of the efficacy of inhaled prostaglandins in
the treatment of ARDS. Intravenous and nebulised N-acetylcyste-
ine increases urinary zinc excretion. L-3,4-dihydropyridine is used
to stop collagen deposition in the lungs, and intravenous meth-
ylene blue is effective in treating methaemoglobinaemia. High
doses of corticosteroids over a long period of time may be use-
ful for the intensive care of severe ARDS caused by smoke bomb
aerosol and should be considered as the only method of pharma-
cological treatment in combination with protective ventilation.
The use of ECMO (extracorporeal membrane oxygenation) in se-
vere metal fume-induced ARDS has not been adequately evalu-
ated in prospective studies [3, 12, 37].

Forecast

MFF, when not combined with severe inhalation poisoning
with heavy metal compounds, is usually a benign process that
resolves in one and a half to two days [8], and the prognosis in
most cases is positive with a rapid and complete recovery within
12 to 48 hours after cessation of exposure to metal fumes [17,
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24, 31]. Temporary disability usually lasts 5-7 days, but is signifi-
cantly prolonged in the event of pneumonia or an exacerbation
of any chronic disease. Metal fume fever ends with a full recov-
ery, and the process is usually not chronicised [17, 31].
Although MFF episodes are self-limited, they can be the first
warning sign for people who do not follow safety precautions at
home or at work, and can eventually lead to the development
of chronic respiratory disease [22]. Welders, who are mainly ex-
posed to metal fumes containing zinc and copper, are at risk not
only of permanent systemic inflammation, but also of respira-
tory tract damage with subsequent narrowing, which should be
the subject of increased attention to the prevention and safety
of welding fumes containing zinc and/or copper [10, 13].
Various chronic consequences such as pulmonary fibro-
sis, bronchiolitis, bronchiectasis and other bronchial lesions can
sometimes be observed as a result of acute injury, depending on
the severity of the initial injury and treatment. In addition, even in
the absence of structural complications after inhalation injury, a
state of persistent non-specific bronchial hyperreactivity may per-
sist. This variant of adult non-allergic asthma has been termed «re-
active airway dysfunction syndrome» or «acute irritation-induced
asthma» [3]. There have been isolated cases of severe MFF with
the development of acute respiratory failure and death [17, 31].

Prevention

To prevent the occurrence of inhalation fever, adequate oc-
cupational hygiene should be ensured [3, 4]. Metal vapour con-
centrations in the workplace should not exceed the maximum
allowable concentrations [17]. The USA, UK, Australia, Canada,
Germany, the Netherlands, Sweden and Denmark have occupa-
tional exposure limits for ZnO of 5-10 mg/m? [4].

Melting of non-ferrous metals should be carried out in en-
closed electric furnaces with maximum mechanisation of metal
pouring and effective supply and exhaust ventilation. The most
effective measure to prevent exposure to zinc fumes is a welding
fume extraction system, including a source trap and local exhaust
ventilation.

Workers and artisans should keep their heads and faces
away from vapour and avoid inhaling them. Workers should
wear appropriate protective masks and clothing [8]. A certain
number of MFF cases occurred in workers who did not wear
respirators [23], but the symptoms of metal fume fever disap-
peared after they wore a protective mask during welding [30].
Facepiece respirators have become a practical means of reduc-
ing inhalation exposure to metal particles in the workplace be-
cause they are lightweight and easy to use [8, 38-40]. To prevent
the onset of a feverish process after work, it is recommended to
take a warm shower [17, 31]. Occupational health education can
help prevent metal fume fever at home, school and work [22].

Thanks to gradual improvements in workplace health, safety
and exposure control over the past 100 or so years, there has been
a significant decline in reported cases of metal fume fever [18, 29].

Conclusions

1. Metal fume fever is an occupational disease.

2.Inhalation of metal aerosols can cause tachyphylaxis.

3.ln most cases, MFF is benign, but in some severe cases, the
syndrome can be life-threatening.

4.Ensuring adequate occupational health is an effective way
to prevent MFF.

5. Inhalation poisoning with heavy metals and MFF are dif-
ferent pathological conditions with different treatment in terms
of pathogenesis, course, clinical manifestations and treatment.
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The authors hope that this information will be useful to first
contact physicians, general practitioners, intensive care special-
ists, occupational pathologists, pulmonologists and occupation-
al and district therapists.
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0.B. KpaBeup, B.B. €xanos, B.A. CepiHkiH, O.B. MununeHko,
A.M. Cranin, M. 1. 3iHeHKO

[HINPOBCbKMIN Aep>KaBHUI MEAVNYHWIA

yHiBepcuTeT, [IHiNpo, YkpaiHa

AHoTauif. B ocHoBI naToreHe3y nMxomaHKu napis metanis (JINM)
NeXuTb HecneyundiuHa HeanepriyHa akTMBaLis Makpodaris abo
nereHeBux eniTenianbHUX KNITVH i3 TOKaNbHUM | CUCTEMHUM BU-
BifIbHEHHAM MiPOreHHNX XeMOTaKCUYHMX mMegiaTopis. Lle nig-
TBEPIXKYETbCA 36iNbLUEHHAM KiNIbKOCTi 3ananbHNUX LUTOKIHIB i
6inkiB roctpoi dpasu Ha nouatky JINMM. IHTepneiKiH-6 € paHHIM
BMCOKOUYT/IMBMM GiOMapKepoM BMIUBY NapiB MeTais, WO Mic-
TATb LUMHK | Migb. YacTMHKM oKcray abo BUBINIbHEHI MeTanonpo-
TeiHa3n maTpuui AitoTb AK anepreHn, abo oKCUp, UMHKY Ai€ AK
ranTeH i 3'elHY€TbCA 3 BiNIKOM, yTBOPIOOUM MOBHUIA aHTUMEH. ICHYE
17 ocHoBHMXx cumnTomis JIMM, i Hapa3i He icHye cneuundiuHoro
TecTy ana ii giarHocTMKK. BapiaHTy nikyBaHHA 0OMeXyoTbcA
CUMNTOMATUYHMM NONErLUEHHAM, BKIIOYAI0UM aHanbreTnku, He-
CTepoiaHi NpoTM3ananbHi NpenapaT Ta caniymnaTti, aHTaumuan
Ta aHTUricTaMiHHi NpenapaTy, 6poHXoAMIaTaToPV Ta, AKLLO Heob-
XiIHO, cepLieBO-CyAVHHI MpenapaTty, KUCHeBY Tepanito Ta NyXHi
iHranAuii. MNpun TAXKKMX CMHBPOMAaX 3i 3HMKEHUM HaCUYEHHAM
KNCHEM MOYaTKOBUM fliKyBaHHAM € Ha3asflbHa BYICOKONOTOKOBA
KNCHeBa Teparnis. Y 6inblUoCTi BUNaaKiB MporHo3 NO3UTUBHII i3
LUBUAKMM | NOBHUM Ofy»aHHAM npoTarom 12-48 rog nicna npu-
NVHeHHA BNAUBY Napu meTany. LLlo6 3anobirtn possutky JITM,
g NiATPYMYBaTW afjeKBaTHY ririeHy Ha BUPOOHULITBI.

KntouoBi cioBa: niixomaHKa napis MeTasiB, naToreHes, KniHika,
NiKyBaHHS, NPOrHo3, NpodinakTrka.
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