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MANY chemical substances newly introduced into industry and agriculture 
are dangerous under certain conditions ; how dangerous has, on several 
occasions, not been realised until a fatal accident has occurred. This 
review concerns the toxicity of a group of metals (beryllium, cadmium, 
osmium and vanadium), and of certain highly dangerous substances now 
widely used as agricultural sprays (dinitro-o-cresol and the organic 
phosphorus insecticides). 

BERYLLIUM 
Beryllium is a very light metal, having about the same density as 

magnesium. It is hard and shiny and resembles steel happearance and 
lustre. It occurs in nature as beryllium aluminium silicate, or beryl 
(3Be0.A120,.6Si0,). Its alloys are important. Beryllium-copper is 
hard, resistant to corrosion, non-rusting, non-sparking and non-magnetic. 
It has a tensile strength as great as that of mild steel and 6 times that of 
copper. Metallic beryllium is employed as a deoxidiser in steel-making. 
In the atomic energy industry, pure beryllium rods are essential to the 
efficient working of the graphite pile. Industrial radiography has created 
a demand for pure beryllium foil for the windows of x-ray tubes; the 
metal allows the passage of long wavelength radiation. Occupations 
involving exposure to beryllium compounds include the extraction of 
the metal from the ore, the preparation of beryllium steel, the manufacture 
and cutting of beryllium-copper alloys, and the making of beryllium- 
containing crystals for wireless telephony apparatus. In addition, there 
may be exposure to beryllium oxide used as a refractory for making 
crucibles, and to beryl in the manufacture of electrical porcelain. A 
considerable hazard exists in preparing and mixing the powders used as 
phosphors for coating the tubes of fluorescent strip lamps and certain 
tubes used for electric signs. In this industry the compounds used are 
zinc beryllium manganese silicate, zinc beryllium silicate and beryllium 
oxide. The tubing is coated on the inside by pumping into it a liquid 
suspension of the phosphor, excess of which is then drained away. Dry 
mixing of the powder, spillage of the liquid suspension and the brushing 
clean of the ends of the tubes may produce considerable amounts of dust. 

Symptoms attributable to exposure to beryllium compounds include 
(i) conjunctivitis, (ii) irritation of the upper respiratory tract, (iii) der- 
matitis, (iv) subcutaneous granuloma, and (v) acute and (vi) chronic 
forms of lung disease. 

Conjunctivitis is frequently associated with dermatitis of the face. 
It follows exposure to soluble salts of beryllium in industrial plants 
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where the ore is processed, or where the halides and acid salts are handled. 
On removal from contact the lesions readily heal. 

(ii). Upper-respiratory disorders. Exposure to the soluble salts may 
also cause irritation of the nose and throat, with epistaxis, and swelling 
and redness of the mucous membranes. Tracheitis and bronchitis may 
develop, together with anorexia and dyspncea, and there may be loss of 
weight. The symptoms and signs clear up completely within 2 or 3 weeks 
after exposure ceases, and no special treatment is required. 

(iii). Dermatitis may be severe and may lead to sensitisation. The 
lesion is usually an cedematous papulo-vesicular eruption, appearing 
mainly on the exposed surfaces. Healing occurs promptly on removal 
from contact and is hastened by local treatment of the lesion. 

Subcutaneous granulomas occur when beryllium compounds are 
introduced beneath the skin (Grier, Nash and Friemanl). Such lesions 
may occur in persons who have cut themselves on broken fluorescent 
lamps. The granuloma may measure as much as 2.5 by 2.0 cm. in 
diameter. It is necessary to excise the granulomatous mass and to 
remove completely all beryllium from the lesions ; otherwise healing 
may be delayed. 

(v). Acute pulmonary disease. The pulmonary lesions are much 
more serious. The first cases of the acute disease were reported from 
the United States of America in 1943 by Van Ordstrand, Hughes and 
Carmody.2 In 1949 Aub and Grier3 reported on 7 cases of acute 
pneumonitis in metallurgical workers exposed to  the dust and fume of 
pure beryllium metal and beryllium oxide. The occurrence of such 
cases supports the view that the beryllium ion is toxic in its own right, 
and that the poisonous effects of soluble beryllium salts are not to be 
attributed to the acid radicals. In 1949 Machle, Beyer and Tebrock4 
reported on more than 400 cases of lung disease which had occurred in 
beryllium workers in the United States of America. The symptoms of 
the acute disease are those of a chemical pneumonitis. They occur 
during employment. In the early stages, cough with blood-stained 
sputum is accompanied by retrosternal pain, dyspncea, cyanosis and loss 
of weight. Non-productive cough may be present for several days 
before dyspncea on exertion occurs; later, dyspncea at rest appears. 
Rapid respiration, anorexia and marked prostration follow. Usually 
there is no fever, but cyanosis and tachycardia are present and rgles are 
heard over both lungs. The morbid 
anatomy of the lungs is similar to that of acute chemical pneumonitis 
from other causes, except that there is less evidence of necrosis. The 
alveoli are filled with exudate composed of cedematous fluid and fibrin 
containing macrophages. Collections of lymphocytes and plasma cells 
occur in the septa. In cases in which death has occurred after several 
weeks there are large areas of fibroblastic proliferation, such as are seen 
in organising pneumonia. More commonly, resolution begins in the 
third week of the illness and is complete in from 5 weeks to 5 months. 
Serious sequela: are unusual, but attacks of the acute illness have been 
followed by the onset of chronic berylliosis after 2 years (Machle, Beyer 
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and Tebrock4). Symptoms and signs precede radiological changes in 
the lungs by several weeks. On the x-ray plate, linear markings and a 
granular ground-glass appearance, suggesting pulmonary congestion, 
appear first. The shadows are diffuse, but they may be less marked at  
the apices and bases owing to compensatory emphysema. Consolidation 
may follow. As the clinical signs disappear the lung lesion becomes 
granular and nodular with conglomerate masses. In from 1 to 4 months 
these masses disappear, leaving residual fibrosis in some cases. 

(vi). Chronic pulmonary disease. In 1946, Hardy and Tabershaw5 
described cases of a chronic lung disease occurring among employees 
of a firm manufacturing fluorescent lamps in Salem (Massachusetts). 
It was the resemblance between these chronic cases and sarcoidosis which 
led to  the designation, Salem sarcoid. This chronic lung disease may 
be serious and disabling. It is sometimes referred to as “pulmonary 
granulomatosis of beryllium workers.” The first symptoms are variable 
and may not appear for as long as 6 years after the last exposure to  
beryllium compounds. The majority of cases have occurred in employees 
in the fluorescent lamp industry, but 2 laboratory workers and at least 
10 people living in the neighbourhood of factories using beryllium 
compounds have been affected. Less than 5 per cent. of the persons 
exposed have developed the disease. This suggests that some people 
are unduly susceptible to the effects of absorption of small amounts of 
beryllium. Vague ill-health, slight but persistent loss of weight, weakness 
and lack of energy, or an unusually persistent infection of the upper 
respiratory tract may herald the onset of the disease. It may be weeks 
or months before abnormal signs appear in the lungs. Weakness, anorexia 
and progressive loss of weight, which may be as much as 20 to 30 pounds 
(9.0 to  13.6 kg.) in a month, become prominent symptoms and persist 
throughout the illness. Cough with little sputum, worse in the mornings 
or on exertion, is constantly present; it bears no relationship to the 
severity of the disease or to the radiographic signs. Dyspnoea is extreme 
and may be the presenting symptom. Tachycardia, particularly when 
there is cyanosis, is associated with a normal or low blood pressure. 
Clubbing of the fingers develops in the later stages. Cardiac failure 
occurs, increasing the dyspnaea and later causing orthopnaea and edema 
of the extremities. Approximately 33 per cent. of the patients die, and 
33 per cent. are permanently disabled and remain in great pulmonary 
distress. The rest lose their symptoms, the lung changes resolving to 
some extent. 

The earliest change in the radiograph is a diffuse finely granular 
appearance, homogeneously distributed throughout both lungs. The 
apices and bases are involved. Paratracheal masses and enlarged hilar 
shadows are seen in many cases. As the disease progresses, fine nodulation 
appears on a granular background. Confluence of nodules may occur, 
but it is much less evident than in silicosis. Later there is lobular 
emphysema, particularly at the apices and bases. Signs of cor pulmonale 
may develop, and spontaneous pneumothorax, without pleural effusion, has 
occurred in a few cases. The x-ray appearances alone are not diagnostic. 
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The pathological findings in chronic berylliosis somewhat resemble 
those found in sarcoidosis. The lungs are emphysematous, with scattered 
fine nodules and diffuse interstitial fibrosis. Granulomas are formed 
within the alveolar spaces by organisation of exudate. They have a 
fibrinoid centre with peripheral fibrosis and varying degrees of mono- 
nuclear infiltration, together with numerous giant cells of the Langhans 
type. Similar lesions have been found in the skin and subcutaneous 
tissue, in hilar and axillary lymph-nodes, and in the liver. Mid-zone 
necrosis is also found in the liver. 

Diagnosis depends upon an occupational history of significant exposure 
to beryllium compounds, a characteristic onset and course of the disease, 
the x-ray findings, and the presence of beryllium in the urine and tissues. 
Differentiation from sarcoidosis, chronic miliary tuberculosis, fungous 
infections, primary pulmonary fibrosis, diffuse nodular silicosis, miliary 
carcinomatosis, mitral stenosis and siderosis may be difficult. A diagnosis 
of chronic berylliosis can only be made by considering the whole picture, 
together with evidence of significant exposure to beryllium compounds. 

Treatment is symptomatic. In patients severely affected, oxygen 
relieves the dyspnea. Penicillin-streptomycin terosol therapy has 
decreased secondary bacterial infection, but has no other beneficial 
effect. Attempts to increase the rate of elimination of beryllium by 
means of injections of 2 :3-dimercaptopropanol (dimercaprol ; B.A.L.) 
have not been successful, nor has any other therapeutic measure influenced 
the course of the disease. 

In Great Britain in 1949 poisoning by beryllium and its compounds 
was added to the list of diseases prescribed under the National Insurance 
(Industrial Injuries) Act, 1946. In the manufacture of fluorescent lamps, 
halophosphates (which contain no beryllium) must be used in place of 
the poisonous phosphors formerly used. Preventive measures must be 
enforced in all industries where beryllium and its compounds are handled. 
Every effort must be made by engineering methods to  keep the atmospheric 
concentration at the lowest possible level. Protective clothing and 
adequate laundry services should be provided. Since subcutaneous 
granulomas have developed in persons who have cut themselves on 
broken lamps, caution must be exercised in the disposal and salvage of 
burnt-out fluorescent lamp tubes. Workers at risk should be seen at 
regular intervals by a doctor and questioned about suggestive symptoms. 
They should be weighed at monthly intervals, and have their chests radio- 
graphed at least once a year. Repeated medical and x-ray examinations 
must be made of all workers who have unexplained symptoms, particularly 
when these suggest disease of the respiratory system. 

CADMIUM 
The natural sources of cadmium (Cd) are the rare mineral greenockite 

(CdS) and the zinc ores, which contain up to 3 per cent. of cadmium. 
It is therefore an important by-product of zinc smelting. Cadmium is 
resistant to corrosion and withstands wear. Because of these qualities 
the metal and its alloys are used in many manufacturing processes with 
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