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BLASTOMOGENIC PROPERTIES OP INDUSTRIAL METALS 
AND THEIR COMPOUNDS 

(Contemporary State of the Problem) 

Prof. Ip. P. Dvlzhkovl (Moscow) 

Institute of Labor Hygiene and Occupational Diseases 
(Dir. — Active Member of the Academy of 

Medical Sciences, USSR Prof. 
A. A. Letavet), Academy 

of Medical Sciences, 
USSR 

(Received in Editorial Office 8 Aug 1966) 

As a result of clinical, epidemiological, and experimental 

investigations, conducted during the last decade, our knowledge on 

the etiology of tumors has expanded so much that in the 1963 WHO 

commission of experts on the prophylaxis of cancer the opinion was 

expressed that no less than 75$ of all tumors of man can be considered 

dependent on known causal factors, and this places on the agenda 

the problem of prophylaxis of cancer (quoted from L, M. Shabad, 

1965). 

The stated position pertains to a considerable degree also to 

tumors which develop due to the chronic influence of a number of 

already well-known occupational factors. The number of the latter 

which possess blastomogenic properties has gradually increased, and 

they include certain industrial metals and their compounds. 
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Tumors of respiratory organs, which develop under conditions 

of industrial contact with metals and their compounds in workers 

from different branches of industry, are a little studied division 

of oncology and occupational pathology. 

In the twenties and thirties of our century substantiated 

statistical data has appeared on the great frequency of cancer of 

respiratory organs among workers, who in certain industries come 

in prolonged contact with various compounds of metals. Some 

researchers are carefully approaching the solution to the problem 

of the blastomogenic action of a number of metals and their 

compounds, and others are more positively and extensively dealing 

with the possibility of such action by a number of compounds. An 

account of these investigations is presented in our survey. 

Chromium and Its Compounds 

For the first time in I890 Newman in England described cancer 
of the nasal cavity in a worker engaged in the production of 

chromates. Subsequently the number of reports from various 

countries (Germany, the United States, England, and others) about 

cancer of the lungs among workers having contact with chromates 

increased, and by the fifties of the present century the etiological 

role of compounds of chromium in the development of cancer of lungs 

did not cause any doubts (Spannagel). Various indices are cited 

for morbidity and mortality from cancer of the lungs among workers 

having contact with compounds of chromium, but all of them are 

considerably higher than corresponding indices for workers in other 

branches of industry and among the surrounding population 

(L. N. Belyayev; Ya. M. Grushko; E. Ye. Khachatryan; Machle and 

Gregorius; Mancuso and Heuper; Morgan; see also Doll, I957, and 
others). The impression is created that the high rate of cancer 

of the lungs is observed in industries producing chromates without 

improved hygienic methods for obtaining them (Machle and Gregorius; 

Bidstrup and Case). Furthermore, judging by observations of different 

groups of workers, not all compounds of chromium are carcinogenic. 
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It is pointed out that dust, forming during the extraction and 

milling of ore, and the dust of chromates and bichromates as such 

apparently do not possess carcinogenic properties. But these data 

contradict experimental investigations (see below). 

Representatives of the public health service of the United 

States, who were studying morbidity and mortality among insured 

workers in the United States who were engaged in the production of 

chromates (quoted by Doll), propose that carcinogenic properties 

may be possessed by a small quantity of 3-valence chromium which 

is insoluble in water but soluble in acid. It is contained in the 

deposit of end products from treatment of the ore. In English 

plants this deposit with compounds of 3-valence chromium is not 

subjected to repeated treatment after leaching, but is removed to 

a dumping ground. Therefore, in the opinion of these representatives, 

the workers in English plants are subjected less to the influence 

of 3-valence chromium and they have fewer cases of lung cancer. 

Six-valence chromium is not viewed as an etiological factor of 

cancer, but the possibility is not excluded of its transformation 

into 3-valence chromium in the organism during the process of 
metabolism. 

During galvanic chrome plating the harmful factor is 6-valence 

chromium, but lung cancer is not characteristic for workers of 
this industry. 

Controversial is the question of the significance of the degree 

of solubility of chromium compounds in different liquid media for 

the development of tumors, especially in respect to 3- and 6-valence 

compounds. Compounds of 3-valence chromium, in particular its 

oxide, due to poor solubility and weak toxicity ("biological 

inertness") up until recently were viewed as substances which did 

not cause the development of blastomogenic growth. 

However, a group of research workers (Mancuso and Hueper; 

Kahlau) notes that a high percentage of workers with cancer of the 

respiratory organs was subjected primarily to the influence of 
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insoluble compounds of chromium, and in their lungs were found 

accumulations of dust of chromite ore, which in the opinion of 

authors, as a result of its prolonged influence, is possibly a 

carcinogenic factor. 

Due to their high acute toxicity hexavalent compounds of 

chromium have long been accused by German and American researchers 

of possessing blastomogenic properties. Visek, Mackenzie# and 

associates apparently indicated the same theory. They demonstrated 

that tissues of rats which had received intravenously 6-valence 

chromium contain 9 times more of it than the tissue of rats which 

had received 5-valence chromium intravenously, and therefore it 

should be considered potentially more dangerous than 5-valence. 

During a one-year period of feeding with 6- and 5-valence chromium 

no toxic symptoms were observed in rats of either group, but the 

content of chromium in the tissues was approximately 9 times 

greater when 6-valence chromium was given. 

Hueper and Pain, and Grogan, on the basis of experimental 

investigations, consider that the valence of chromium compounds 

apparently does not play a considerable role in their carcinogenic 

properties. The latter are caused mainly by their degree of 

solubility in water and biological liquids. It is even possible 

to compose a scale of chromium compounds based on the degree of 

their carcinogenic properties, the upper part of which is occupied 

by chromium salts, which are moderately or insignificantly soluble 

in water, and the lower part by compounds which are easily dissolved 

in water. The clinical aspects of cancer which develops from 

compounds of chromium are no different from the clinical aspects of 

ordinary lung cancer. The content of chromium in the lungs during 

the cancerous process comprises 0.25-4 mg % (normal is O.085 mg %)] 

during a spectrographic investigation of the organs of a victim 

who had died, E. A. Khachatryan detected the greatest amount of 

chromium (5-6 mg %) in region of the portal of the lungs. In 

pensioners chromium was frequently detected in the urine and 

especially frequently in sputum. In the tissue of a cancerous tumor 

there was little chromium or none at all. Frequently metastasis is 
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the development of lung cancer In animals then they cause a high 

percentage of cases of sarcoma. Differences In the nature of the 

blastomogenic reaction in comparison with man are possibly caused 

by species distinction and also unequal conditions of contact. 

• Nickel and Its Compounds 

In comparison with the surrounding population, the detection 

of cancer of the nasal cavity and lungs was noted more frequently 

in persons engaged in the production of nickel in England during 

the periods 1923-1948 and 1948-1956 (Doll). 

Attention is attracted to the carcinogenic properties of a 

gaseous compound of nickel — nickel carbonyl - Ni(CO^), which is 

formed during the refining of nickel. For I923-1950 among the 

workers of one plant in England with a length of service in the 

refining of nickel of 23-35 years cancer of the nasal cavity was 

observed in 32, and cancer of the lungs in 93 persons. 

During the separation of nickel carbonyl a specially active 

highly-dispersed nickel is formed which has chemical properties 

which are not inherent to ordinary metallic nickel. 

In England nickel is recognized as an industrial carcinogenic 

substance. Cancer of the nasal cavity and sinuses, and primary 

cancer of the bronchi and lungs in workers of the nickel industry 

are included in the official list of occupational diseases 

(Miruedzer). 

Loken described a case in Norway of squamous cell bronchogenic 

carcinoma in the removed lungs of 3 workers who were engaged in 

the refining of nickel in which there was no formation of nickel 

carbonyl. For one 46 year old worker, who had worked 10 years at 

the plant and left work 8 years prior to removal of the lung, 

during chemical investigation of dry remains of lung tissue 2.8 mg 

of nickel were determined, and during spectrographic analysis- 

1 mg, i.e., nickel was preserved in the lungs of worker 8 years 

after leaving the enterprise. 
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The tumor from nickel compounds originates from the lungs, 

nasal passages and cells of ethmoid bones, and spreads to the 

eye sockets and nasal and frontal bones; rare métastasés are 

observed in the cervical lymph nodes. 

Development of tumors from the influence of nickel is 

explained not by its direct action, but by a change of ferment 

processes, changing the aerobic type of cell metabolism into 

anaerobic, and also by the formation in the cells of products of 

metabolism which possess carcinogenic properties (Williams). 

Under the influence of certain compounds of nickel (NiO^YHgO) 

severe disturbances occur in the process of cell division (Levan). 

The "arsenic theory" of tumors from nickel, ascribing the 

etiological role to arsenic, does not have general acceptance. 

The prolonged (for many years) use of sulfuric acid which is 

contaminated arsenic oxides in a number of branches of industry 

with considerable dust and smoke formation never caused tumors of 

the nose or lungs; even the severe influence of arsenic dust with 

the development of perforation of the nasal septum does not cause 

cancer of the nose or sinuses. 

Carcinogenic properties of dust of metallic nickel and a number 

of its compounds have been confirmed experimentally on rats and 

hamsters following their introduction in muscles, pleural fissure, 

lungs and bones. At the site of introduction of a suspension of 

nickel compounds sarcomas with métastasés develop (V. I. Fedorov; 

Gilman). Tumors developed more frequently from the influence of 

nickel sulfide than from its oxide. 

Cobalt and Its Compounds 

Up until relatively recent time cobalt has been considered 

an etiological factor in the development of cancer of the lungs in 

workers in the mines and in a number of factories (for example, 

in the interpretation of the etiology of Schneeberg cancer). But 

reliable statistical, clinical, and other data in confirmation of 
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pulmonary tissue in which simultaneously there was extensive 

fibrosis, chronic bronchitis, and bronchiectasis. During spectral 

analysis of lung tissue for beryllium a sharply positive result 

was obtained (Riemann and Jungbluth). Out of I9I cases of 
chronic berylliosis Hall and associates indicate only one case 

of primary cancer of the lungs. But a number of authors in 

experiments with insoluble compounds revealed the evident 

blastomogenic properties of these nonradioactive compounds. 

For the first time in 19^6 Gardner and Heslington detected 

the blastomogenic properties of compounds of beryllium. Following 

the intravenous introduction of a suspension of zinc-beryllium 

silicate and beryllium oxide to rabbits osteosarcomas developed 

in these animals. In guinea pigs and rats tumors did not develop. 

Following the prolonged introduction of beryllium oxide and 

calcined fluorescing powder from beryllium oxide, zinc oxide, and 

silica with an average particle dimension of each powder of less 

than 1 urn in the aural vein of rabbits, Dutra and Largent observed 

the development of osteogenic sarcomas. Tumors developed in 

animals which lived for no less than a year after the first 

introduction. In some animals the primary tumors were single, 

and in others they were multiple and with métastasés in the lungs, 

pericardium, liver, and spleen. During chemical investigation 

in the primary nodes of a tumor the content of beryllium turned 

out to be insignificant, and in the métastasés there was a relatively 

large amount of it, which is obviously connected with the 

functional activity of the reticuloendothelial cells of these 

organs. The kidneys and heart contained relatively little beryllium. 

The experiments of Gardner and Heslington were repeated by 

Barnes in 19^7. In some of the rabbits which received zinc- 

beryllium and beryllium silicate intravenously bone sarcomas 

developed which were hystologically similar to bone sarcomas in 

humans and similar to bone tumors in rabbits which had been 

exposed to radium. The same Barnes in 1949 reports that following 

intravenous introduction of 40 mg of finely dispersed metallic 

beryllium to 5 young rabbits in 2 the characteristic bone sarcomas 
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developed. Osteogenic sarcoma in a rabbit which was subjected to 

the prolonged influence of beryllium oxide dust is described by 

Dutra and associates. 

Vorwald and Reeves, stemming from their experiments on the 

influence of beryllium oxide (BeO) and sulfate (BeSO^) on rats, 

point out that these compounds cause inflammatory and neoplastic 

changes in the lungs of animals. At first the changes are charac¬ 

terized by proliferation of the epithelium of air passages. With 

an increase of duration and intensity of the influence, in the 

small bronchi, respiratory bronchioles, and alveolar passages 

changes appear in the epithelium; polymorphism of cells and 

metaplasia. In these sectors the first tumors were revealed 

8 months after introduction of the stated substances in the 

trachea and in 9-18 months after daily inhalation. They were 

sometimes single and sometimes multiple nodes of adinocarcinoma, 

and less often there was squamous cell (keratinizing and 

nonkeratinizing) carcinoma with métastasés in the lymph nodes and 

along the pleura. 

Zinc and Its Compounds 

As a metal it plays an important role in fermentative 

processes of cellular respiration and intermediate metabolism, 

since it is a component of a number of respiratory enzymes. 

Metabolism of zinc in the organism has been studied in detail 

during the last few years thanks to the use of the radioactive 

isotope Zn65. Zinc which has been introduced into an organism 

turns up quite rapidly in the gastrointestinal tract and in a month 

50$ of it is passed out with the feces; it is also excreted by the 

kidneys, pancreas, and liver or is deposited in hairs, bones, 

lungs, kidneys, and liver. 

The blastomogenic (teratogenic) properties of zinc compounds 

were pointed out for the first time by Michalowsky, who introduced 

a solution of zinc chloride in physiological solution into the 

testicles of young roosters and observed in them, starting with the 
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4th month, the development of teratoma of the testicles. The 

author considered that the most important factor influencing the 

development of teratoma was the season — spring (February-May), 

when the most active spermatogenesis occurs. Furthermore, depth 

and rate of introduction of the substance, and breed and age of the 

birds played a role. In such a way Michalowsky produced teratoma 

in 10 birds. 

These experiments of I. 0. Michalowsky were confirmed by 

Bagg. However, they were not supported by Ljvaga and Kahlau. 

The last author explained the difference in data by the different 

predisposition of separate breeds of roosters to the development 

of teratoma in the testicles. Doubts concerning the teratogenic 

action of zinc chloride arose also because Mashar revealed 

spontaneous intraabdominal teratomas in roosters. However, 

subsequently L. I. Falin and associates (1938-1940) observed in 

a series of experiments the development of structurally different 

teratomas of the testicles in 30 roosters following the administra¬ 

tion of zinc chloride, sulfate, and nitrate, and also of copper 

sulfate. Willis conducted analogous experiments on rats with the 

introduction of zinc chloride, and also in combination with 

potassium permanganate, hydrogen peroxide, pyrogallol, alcohol, 

ether, and silicon dioxide and obtained negative results. 

Several authors determined the content of zinc in tumors of 

various organs, including in carcinoids, and compared the data 

obtained with the contents of it in normal tissues of the same 

organs. The results obtained are different, indicating both a 

considerable increase in the content of zinc and its decrease in 

tumors of different organs (see L. I. Falin; Ya. A. Lazaris, 

and others). Till now there are no data about a frequent appearance 

of tumors in workers who come in contact with its compounds. 

Compounds of Iron 

Several reports about lung cancer in workers who inhale 

dust with iron oxide and who have siderosis of the lungs, and also 
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the observations of McLaughlin and Harding and Faulds and Stewart 

about the high frequency of lung cancer among English workers in 

the steel-casting industry and miners in the iron pits who have 

occupational siderosis of the lungs, as if testified that certain 

compounds of iron can possess blastomogenic properties. The first 

two authors, in 149 autopsies of corpses of workers revealed 

primary cancer of the lungs in 16 (10.8$) cases. This index was 

considerably higher than the index of mortality from lung cancer 

among the population. However, workers in these industries not 

only inhaled dust with iron oxide, but also soot, and came in 

contact with mineral lubricating oils and other organic compounds, 

therefore the data are not fully convincing. 

Faulds and Stewart reported that based on sectional materials 

from 172 miners who were engaged in the exploitation of red hematite, 

for I932-I953 primary lung cancer was found in IT (9.4$), and 

for 1948-1953 - in 13 out of 89 (14.6$), while for 1932-1947 - 

1 only in 4 out of 91 (4.4$). 

Most frequently cancer was revealed in miners who were over 

50 years old. Its localization always coincided with region of 

the most profound siderosilicotic changes in the lungs. Inasmuch 

as based on the analyses of changed lung tissue there were no 

indications of the presence of carcinogenic or radioactive 

substances in them, the authors consider that the decisive role 

in the development of lung cancer belongs to siderosilicosis as 

the predisposing factor. 

Experiments in which animals received highly-dispersed 

powder of metallic iron, its oxide, and iron sulfide turned out 

to be negative, i.e., around the suspension of iron powder which 

was introduced into the muscles or in the pleural fissure no 

blastomogenic reaction developed (Hueper; Gilman; Muller and 

Erhardt). 

Consequently, the question of blastomogenic properties of 

iron compounds remains unclarified and little developed. 
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Mercury Metallic 

Cases of the development of tumors in humans which could 

possibly be connected with the influence of mercury are not known. 

In the experiment of Druckrey and associates the development of 

sarcoma was observed in 5 out of 12 rats following the introduction 

of metallic mercury into their abdominal cavity. 

Aluminum Compounds 

In the twenties and thirties of the present century rather 

numerous prolonged experiments were conducted on different 

animals, including rabbits and dogs, which had received aluminum 

compounds with their feed for establishing the possible connection 

between the chronic influence of aluminum and the development of 

cancer of the gastrointestinal tract. Results of all the 

experiments turned out to be negative. Bertrand and Serbescu 

(1934) greased the ears of rabbits with coal tar and simultaneously 

every day introduced aluminum sulfate [AlgiSO)^»iSHgO] into 

their stomachs. On ears of the rabbits cancerous changes were 

observed, but in the internal organs, including in the gastro¬ 

intestinal tract, tumors did not develop. There are also no 

indications that during pneumoconiosis — aluminosis — primary 

cancer of the lungs is encountered more frequently. 

Conclusion 

It is clear from what has been said that the question of the 

blastomogenic action of industrial metals and their compounds in 

various physical states, including dust, has been studied little 

and in many directions is not developed. Epidemiological-clinical 

and hygienic investigations and observation are not numerous 

enough to introduce final clarity in assumptions on the blastomogenic 

action of a number of metals and their compounds although certain 

clinico-epidemiological data clearly indicate these properties for 

a number of them (for example, nickel and some of its compounds). 
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At present different aspects of the question of blastomogenic 

properties of compounds of chromium have not been clarified: the 

role of valence, solubility, and what compounds as such or the 

products which develop during their processing possess these 

properties. It has not been clarified if the high indices of 

morbidity with lung cancer pertain only to workers in old factories 

for the production of chromates or can this pertain also to newly 

opened plants. In any case the question concerning blastomogenic 

properties of chromium compounds still requires comprehensive 

study. 

The study of blastomogenic properties of beryllium compounds 

is in the initial stage. While experimental investigations do not 

create any doubts about their blastomogenic properties, the frequency 

of cases of cancer in people coming in contact with them still has 

not been established. Consequently, at present beryllium and its 

compounds should be considered as potentially dangerous for people 

and the study of the rate of cancer, lung cancer primarily, should 

be one of the assignments for occupational pathologists. 

The same vague presentation exists concerning the blastomogenic 

properties of cobalt, zinc, and their compounds. Poorly developed 

is the question of possible blastomogenic properties of iron and 

its compounds. 

Thus, it is necessary to expand the scale of clinical and 

hygienic inspections, which would make it possible to develop a 

true presentation about the cancer rate among the corresponding 

groups of workers. This is also dictated by the circumstance 

that cancer for the most part does not develop soon after beginning 

work at this or that enterprise and not after brief contact with 

the substance suspected of having blastomogenic properties, but 

after a prolonged period, for the most part in elderly people who 

frequently have quit work. Consequently, these investigations are 

also important from the point of view of prophylaxis of cancer. 
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Great scope has been obtained by experimental investigations 

blâstoniogenic properties of the same metals # exposing of these 

properties for a number of metals and their compounds (nickel, 

chromium, beryllium, cobalt), and showing the various degree of 

blastomogenic properties of their different compounds. Here the 

same peculiarities are revealed which have been established, for 

example, for carcinogenic hydrocarbons: 1) significance of changes 

(transformations) in the chemical structure of a substance for the 

development of blastomogenic properties; 2) significance of species 

of animal and dose of substance during experimental investigations. 

It is necessary to note that up to the present time clinical 

and hygienic data about cancer morbidity of workers who have 

contact with a give.i substance and the results of experimental 

investigations on a number of metals and their compounds do not 

agree. For example, in respect to cobalt investigations of the 

first kind do not give a clear answer to the question on its 

blastomogenic properties, but experiment indicates high blastomogenic 

properties for a number of compounds of cobalt. To a certain degree 

this also pertains to compounds of beryllium. Obviously these 

metals and their compounds should be considered potentially 

dangerous in the sense of blastomogenic influence on the organism 

of man and primarily on the lungs. 

During the study of tumors which have developed in man and 

the various stages of their development in experimental animals at 

present the following has been well established. 

1. There is considerable precipitation (depot) of this 

or that metal or its compounds in tissues, the lungs for example, 

which occurring in man over a prolonged time and which undoubtedly 

is rendering a chronic mechanical and chemical influence on the 

tissue, 

2. Severe chronic changes are observed in the lungs and 

partly in other organs of persons who have contact with the 

compounds named here (especially from compounds of beryllium, 
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nickel, and zinc). They indicate deep reactive changes, such as: 

atypism of the epithelium small bronchi, the bronchioles, and 

profound changes in the large bronchi, accompanied by the development 

of progressive diffuse pneumosclerosis and creating the ground for 

subsequent development of a tumor. On the part of the lymphoid 

tissue there are hyperplastic processes which are frequently 

initial for the development of reticulosarcoma. of the lungs in 

experimental animals. 

Howevei, corresponding morphological changes in man and 

experimental animals have still not been investigated sufficiently, 

for example, pretumorous, initial, and subsequent stages of 

development of the blastomogenic proceri have not been studied and 

a sufficient number of cytological investigations have not been 

made. All of this requires the realization of extensive and 

detailed morphological investigations in this region. 
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