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HYPERTHERMIC AND PATHOLOGIC EFFECTS OF ELECTROMAGNETIC 
RADIATION (350 Mc) 

LIEUTENANT COLONEL JOHN E. BOY¥J:I: 
MEDICAi, CORPS, UNITED STATES AIR FORCE 

Sl~CE ~HE discm:ery by D'Arsonval in 1880 that stimulation with electro
magnetic frequencies greater than 5000 cps produced the sensation of heat 

rather than the excitement of muscular contraction, there has been a considerable 
amount of experimental work done on the biological effects oi eleetromagnetic 
radiation. The major portion of such research 1 during the early part of this century 
was confined to frequencies between 1 and 100 megacycles (me), although a fe\\ 
experiments were performed with transmitters capable of produci1~g radiation of the 
order of 300 me. The latter work was done by Schereschewsky " and co-workers 
in the years about 1930. Following the development of the magnetron tube during 
\Yorld War II, transmitters were produced capable of emitting radiations char
acterized by frequencies in the range of 100 me to above 9,000 me. This device. 
the magnetron, is the "heart" of modern radar; it is also the es,;ential element of 
the device adopted for medical therapy, being first introduced aE the Microtherm, 
which operates on a frequency of 2,450 me by license from the Federal Com
munications Commission. Considerable research has been devoted to this portion 
of the spectrum also. 

High-frequency radio waves which are discussed in this paper are those of the 
electromagnetic spectrum and have no relationship to those of the sound spectrum. 
The latter require some material media for transmission, such as air or water, in 
contradistinction to the waves of electromagnetic radiation which can be transmitted 
through space. The electromagnetic spectrum may be said to extend from the low 
frequencies of the standard radio broadcast band ( 550 kc. to 1,500 kc.) through 
the "short wave" bands ( 1 me to 100 me), through the FM bands and the television 
bands ( 50 to 400 me), upward through radar hands ·which at present operate 
primarily in the "S" band (3,000 me) and the "X" band (9,000 me), and then at 
higher frequencies through infrared, the visible spectrum of light, ultraviolet, x-ray, 

Lieutenant Colonel Boysen is Deputy Surgeon, Headquarters AMC, \Vright-Patterson Air 
Force Base, Ohio. 

The material presented herein was prepared from the thesis, "Biological Effects of Electro
magnetic Radiation (Hertzian \Vaves)," written in partial fulfillment of the requirements for 
the degree of Doctor of Industrial Medicine awarded the author by the University of Cincinnati, 
in June, 1951. 

1. Potentialities of Decimeter Short Wave Radiation, Editorial, Arch. Phys. Therapy 
18:719, 1937. 

2. Schereschewsky, J. W.: Physiological Effects of Currents of Very High Frequency: 
Action of Currents on Tissue Cells, Pub. Health Rep. 41: 1939, 1926; Action of Currents of 
\'ery High Frequency upon Tissue Cells: Upon Transplantable :Vfouse Sarcoma, ibid. 43:927. 
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gamma rays, and finally cosmic rays, in that order of increasing frequency or 
decreasing wave length. The sJ-called Hertzian or radio portion of the electro
magnetic spectrum is that portion characterized by frequencies less than those of 
infrared rays. These frequencies issue from transmitters which generate radiation 
by virtue of the thermal motion of vibrating molecules in crystals or in solid bodies. 
To this group belong the transmitters of radio, "short wave," television, radar, and 
the diathermy apparatus common to medical therapy. 

The interaction of radiation of these wave motions with matter has been attri
buted ( De bye) to the presence of dipoles in the molecules which tend to set 
themselves in the direction of the electric force. Thus, in a rapidly alternating 
electromagnetic field, the rapid rotational motion of oscillating ions will tend to 
produce what may be thought of as friction whereby they dissipate their energy 
as heat. This phenomenon, known as dielectric l1ysteresis, may be described 
mathematically in terms of the dielectric constant of the matter under consideration 
as well as the frequency of the radiation and its conductivity. It then follows that 
a given substance, with its characteristic dielectric constant, would possess an 
optimum heating frequency. This fact has been borne out experimentally for the 
lower frequencies, that is, for those below 100 me. ny extrapolation of these data 
it might be anticipated that frequencies of the order of 300 me would be expected 
to produce a maximum heating effect in tissues having dielectric properties similar 
to those of isotonic saline. The rather wide use of transmitters utilizing frequencies 
of approximately 300 me, both as commercial transmitters and as transmitters used 
by the military, made this study of the biological effects of this range of frequencies 
a matter of particular interest. Consequently. "whole-body" exposures were per
formed, and the study consisted of the observation of temperature effects and of 

the pathological effects of this radiation. 

EXPERIMENTAL METHODS 

Apparntus.-The power was obtained from a standard 60 cycle, 220 volt power line, fed into 
a generator alternator mechanism which produced a D.C. power of 28 V, 11 amp. and an A.C. 
power of 1,500 V-amp. 400 cps. The transmitter consisted of three separate units. The transmit
ter set (T75/ APT-4) contained an oscillator tube (JANS-J30) which had a possible frequency 
range of 175 me to 400 me, timing and loading mechanisms, and the air and water cooling sys
tems which were necessary for cooling the oscillator tube. The modulator unit contained most 
of the power controls for the radar set. The video amplifier consisted of a wide-band noise gen
erator (up to 5 me band width) and an amplifier. The final tubes were a pair of JAN-813's 
operated in parallel, which modulated the oscillator tube of the transmitter The rectifier power 
unit (PP-87/APT-4) developed voltages up to 3,000 V D.C. and up to 3,500 V rms A.C. In
side this unit there were the high-voltage rectifier and its associated filter and bleeder circuits. 
The time delay circuit was also located in this unit. 

In this series of experiments, a wave guide, consisting of a copper chamber 8 ft. (2.5 m.) 
long, 24 in. (61 cm.) wide, and 10 in. (25 cm.) deep, was used (Figure). The transmitter antenna 
assembly extended vertically through the chamber, 10 in. from the encl. At the opposite encl, 
the receiving antenna extended vertically in a like manner and was also 10 in. from the receiv
ing end. A trap door, 19 in. ( 48 cm.) square, was situated 24 in. from the receiving encl of the 
guide, the hinged portion of the door being 43 in. (109 cm.) from the encl and on the top of 
the guide. Rectangular holes were cut in the side of the guide in such positions that they would 
not interfere with the resonance characteristics of the guide but would provide adequate venti
lation to the interior. A small ventilation fan was .situated in the transmitting end of the guide 
111 order to provide adequate and constant ventilation during the experiments. 

The transmitting antenna was constructed in such a manner that it could .be tuned by rotat
ing the center hollow tube, which increased or decreased its height as it turned on the threaded 
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central post. This post was electrically connected to the center wire of the coaxial cable froni 
the transmitter. The outermost hollow tube was grounded to the wave guide itself. 

The receiving antenna was constructed in a similar manner except that the center post was 
not threaded. It, in turn, was attached to the high-loss line of the wattmeter. 

The radio frequency wattmeter (TS-118/ AP) was utilized to measure the power absorption 
of the experimental animals. This equipment measured the r. f. power o~tput of inductivcli 
coupled raven transmitters operatii1g on frequencies from 2() to 750 me, with power output fron• 
5 to 500 W. The wattmeter required no matching section and measured power in terms of th_. 
deflection of a D. C., 0-1 milliammeter. The direct current in the milliammeter was produced Ly 
a thermocouple, located at the end of the high-loss ("lossy") line of the wattmeter, and ros.· 
with the power output of the transmitter. Three sizes of thermocouples were provided, together 
with calibration curves. Power required by the wattmeter was 75 to 100 W at 115 V, 6f• 
cycles A. C. 

This assembly was connected to the receiving antenna of the wave guide by the thermocoupl, 
and the "lossy" line. Readings were taken before placing the animals in :he guide and aftt 
the transmitter and guide had been tuned; they were taken again after the animals had bet, 
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Wave guide used to propagate electromagnetic radiation approximating 350 me in frequency. 

placed in position and the guide returned to maximum power. The difference between the two 
readings obtained from calibration charts accompanying the instrument was taken as the "ab· 
sorbecl power." 

The rectal temperatures of the animals in one group of wave guide experiments were 
measured with toluene thermometers. In the remainder of the experiments, an assembly con
sisting of thermocouple needles, constructed after the method of Tuttle and Janney, and a 
Leeds-~orthrup potentiometer were used. The cold junctions were placed in De\Nar flask, 
containing crushed ice and were thereby maintained at a constant temperature of O• C. These 
thermocouples 3 were calibrated against a certified United States Bureau of Standards ther· 
mometer. All recorded temperature results were obtained in this manner. 

.t:lnimal E.rperiments.-Flemish female rabbits \\'ere employed after preliminary observation 
to provide assurance that they were in a state of good health. They were inspected prior to 
each period of exposure. They were weighed initially and at intervals durin.5 the experiments. 
Their rectal temperatures were measured prior to exposure and immediately bllov,,-ing exposure. 
In experiments which were conducted with the aid of the thermocouple temperature measuring 

3. Tuttle, 'vV. W., and Janney, C. D.: The Construction, Calibration and Use of Thermo
couples for Measuring Body Temperature, Arch. Phys. Merl. 29:416-421, 1948. 
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devices, the temperatures were obtained during the recovery phase until they returned to the pre· 
exposure level, except in those rabbits whose cases terminated fatally within a short time after 
exposure. All animals that died during the co-1rse of the experiments were subjected to gross 
and microscopic postmortem examinations. Selected animals from each group were killed by 
intravenously administered air so that any pathological changes which might have resulted 
from the exposure could be studied. 

Two animals were exposed for 22 minutes and two others for 30 minutes, with the trans
mitter in operation but with no load on the antenna. 

The experiments were divided into two groups, as follows: (a) those conducted in the wave 
guide with the aid of toluene thermometers for measuring_ rectal temperatures and (b) those 
conducted in the wave guide with temperatures measured with the aid of thermocouples. The 
latter group was further divided into the following series: (1) those in which the rabbits were 
exposed to a radiation of a frequency of about 358 me, with the noise modulated to a band width 
of 5 me; (2) those in which they were exposed to radiation with a frequency of about 290 me, 
with the noise modulated to a band width of 5 me, and (3) those in which they were exposed 
to radiation at the frequency of 358 me withou: modulation:' 

During the normal operation of this transmitter, a given carrier wave which is modulated 
with a noise signal is emitted. This noise signal is random in nature and may be varied in band 
width from a fraction of a megacycle to 5 me. Such a noise-modulated carrier wave is "pulsed." 
In the series of experiments labeled Groups A and B, Series 1, these conditions of operation 
applied. The frequency of the carrier was 358 me. The loading of the antenna was very criti
cal in Group B, Series l. The latter series involved the use of the wave guide. The tuning on 
the antenna was accomplished by adj us ting the lengths of both the transmitting and the receiv
ing stubs in the wave guide. Such adjustments were cumbersome and difficult to do accurately. 
This fact probably accounts for the variability of the power readings which were obtained and 
for their rather poor correlation with the observed hyperthermia. 

\1/hen the band width control on the module.tor panel was placed in the "zero" position or 
where the thyratron gas triode tube (JA:N"-6D4) was removed from the modulator, an unmod
ulated carrier wave was emitted. Under these conditions, the transmitter operated CVV (continu
ous wave). These were the conditions under which the Series 3 experiments were performed. 
The carrier frequency was 358 me and was unmodulated. It was felt that a comparison should 
be made between this continuous wave emission and the pulsed wave of previous experiments, 
because although the average power output in both instances was of the same magnitude, the 
peak power output of the pulsed emission was manyfold that of the C\V signal. 

During the Series 2 experiments, the transmitter was operated at a carrier frequency of 
290 me, noise modulated. This was the lower limit of the frequency at which the wave guide 
maintained a normal power output. However, tuning of the antenna was virtually impossible, 
as it was extended to its maximum excursion. For this reason, it is assumed that the po11·er out· 
put figures are not reliable. The quality of resonance obtained during the course of this series 
of experiments 111ust also have been inferior. Consequently, one might expect to find a decreased 
thermic effect on these experimental animals. 

EXPERI:IIENTAL RESULTS 

Rea.ting of Mammalian Tissuc.-Group A experiments consisted of 1-1- separate 
periods of exposure. Seven animals were used, some on repeated occasions. Five 
of the animals eventually died within 2-1- hours from the time of the last exposure. 
In all the animals there developed varying degrees of hyperthermia, as measured 
on toluene thermometers. Their breathing became rapid and deep, profuse lacrimal 
discharge was usually noted, and frequently a profuse rnucofecal diarrhea deYeloped 
during the period of exposure. No evidence of blood in the stool was ever noted. 
Frequently in those rabbits in which extreme hyperthermia and hyperpnea and 
later dyspnea developed, loud course rales were clearly audible over the entire lung 

4. Salisbury, W.W.; Clark, J. W., and Hines, H. M.: Exposure to Microwaves, Electronics 
22:66-67, 1949. . 
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fields even without the aid of a stethoscope. In the animals whose cases terminated 
fatally within an hour after the termination of exposure, the picture was that of 
terminal clonic convulsions and finally death with cyanosis, their breathing having 
become slow and shallow just prior to death. Some of the surviving animals devel
oped much the same picture and were completely paralyzed immediately followi 11 " 

exposure. Apparent recovery in these cases was noted within 24 hours. Th7, 
duration of exposure was 20 minutes, except in one experiment involving tw" 
animals for 36 minutes. Both animals in the latter experiment died followin" 
exposure. The transmitter was operated with the modulator plate voltage of 65(, 
to 750 Y; the oscillator voltage was 1,300 to 1,450 V, the modulator plate curren: 
was 370 to 440 ma., and the grid current was 13.6 to 16.0 ma. 

Group B experiments were all conducted in a wave guide with the aid of tlw 
thermocouple temperature measuring device. In Series 1 the transmitter wa, 
operated \\'ith the modulator plate voltage of 620 to 680 V, with an oscillator voltag,· 
of 1,375 to 1,450 V, a modulator plate current of 400 to 440 ma., and a·grid curre111 
of 14.2 to 16.4 ma. The duration of exposure in this series varied from 7¾ to 3.: 

TABLE 1.-Distribution of Peak Body Temperatures of Ani111als Follmc•ing Ex,'>osure for Variahic 
Periods of Time 

8l•ries 1 8eric:=. 2 Series 3 ,--- ~-Duration, No.of :Xo. <>f No. of ;llin. Range (0.) Animals Av. (0. Range (0.) Animals Av. (0.) Rang:e (0.) Animals .\\',(<", 
5-9 3!l.2-40.2 (2) 39.7 

10-14 42.1 (1) 42.1 
lii-19 40.4-42.7 (4) 41.88 41.2-42.5 (8) 41.79 42.H3.0 (6) 4~.7:i 
20-24 40.9-45.3 (9) 42.05 41.3-42.8 (JO) 42.00 41.8-42.9 (6) 4:!.:tl 
25-2tl 41.3--IG.l (9) 43.32 41.6-42.7 (G) 42.10 42.2-43.4 (7) 4~.71 
30-34 40.5-41.9 (4) 41.2;) 4~.1-43.5 (4) 42.90 
3,,.39 41.7-43.0 (2) 42.35 
40 42.8-43.3 (2) 43.05 

minutes. Five animals died following exposure to this radiatior_, two of these 
animals being exposed individually and each of the other three being one of a pair 
of exposed partners. ~ 1ith one exception, the peak temperatures of animals that 
died reached levels higher than 44.6 C. In the case of the exception (X--9) the 
temperature reached a peak of 41.2 C., a rise of only 2.6 C. from its preexposure 
level. This animal died in convulsions ( as did the other animals) about two hours 
after termination of exposure. The rectal temperatures during the recovery phase 
gradually returned to a normal level in little more than an hour. 

The average peak temperatures related to the duration of exposure are shown 
in Table 1. The average temperature rise shows a better correlation with the 
expected energy absorption than does the peak temperature, as is quite evident 
from comparison of Table 2 with Table 1. 

In the Series 2 exposures, the transmitter was operated with a plate voltage of 
630 to 660 V, with an oscillator voltage of 1,400 to 1,500 V, a modulator plate 
current of 390 to 410 ma., and a grid current of 14.0 to 16.2 ma. The duration of 
exposure in this series varied from 15 to 40 minutes .. Although the longest periods 
of exposure in this series exceeded those in the previous series, the peak tempera
tures attained never exceeded 43.5 C. This very likely accounts for the absence of 
any fatalities in this series. The average frequency used during this series "·as 
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290 me. A few of the animals in which comparatively high temperatures developed 
demonstrated findings similar to those of the previous series, that is, hyperpnea and 
increased intestinal activity; there was no diarrhea and no increase in lacrimation 
or salivation. None of the animals appeared as t:ixic as those in which there had 
developed correspondingly high temperatures in the previous series. 

There is fairly good correlation between duration of exposure and the average 
peak temperatures reached (Table 1). This also is true of the temperature rise 
produced by exposure (Table 2) in this series. 

The Series 3 experiments were conducted with a modulator plate voltage of 
550 to 650 V, with an oscillator voltage of 1,300 to 1,400 V, a modulator plate 
current of 390 to 460 ma., and a grid current of 0 ma. The duration of exposure 
in this group of experiments varied from 15 to 25 minutes. There were no fatalities, 
and the highest peak temperature reached was 43.4 C. Although no period of 
exposure exceeded 25 minutes, the reactions of the animals were essentially the 
same as those in the previous series with respect to hyperpnea, lacrimation, and 
salivation. 

TABLE 2.-Average Temperature Rise (CombiHed-Both Single and Paired) 
in Relatio,~ to D11,ration of Exposure 

Series I Series 2 Series 3 

No. of No. of No. of 
Expo- Expo• Expo-Duration, 

~!in. sures Range (0.) Av. (0.) sures Rang3 (0.) Av. (0.) sures Range (0.) Av. (0.) 

5-9 ................ (I) 0.40 
10-14.. .............. (I) 1.30 
lii-19 ........ .-....... (2) 2.6-3.3 2.9;; (4) 0.8-1.9 1.50 (3) 2.4-3.7 

20-24 ................ (5) 1.7-4.2 2.98 (8) 1.6·3.4 2.25 (3) 2.7-3.8 

25-29 ................ (5) 3.1•5.7 4.62 (3) 2.0-3.6 2.87 (4) 2.6-4.1 

30-34 ................ (2) 3.5-4.7 4.10 (2) 4.5-4.7 4.60 
85-39 ................ (1) 4.10 

40+ ................ (1) 3.50 

Comparison of Temperature Effects.-The comparison of the average peak tem
peratures at various durations of exposure under the experimental conditions of the 
three series used is given in Table 1. Similarly the average cornbinecl temperature 
rise is compared with duration of exposure and appears in Table 2. From these 
statistics alone it is not possible to conclude that there was any essential difference 
in the absorption of electromagnetic radiation uf t1ie frequencies concerned, because 
the differences either in peak temperatures or in :he average temperature rises are 
not of statistical significance at any given duration of exposure. The range from 
which these averages were obtained has too much ,preacl, and even though a correc
tion for the variations in animal weight and the power output could be made, the 
problem of individual variation in the physiological mechanisms and the ability of 
the animals to dissipate the absorbed heat energy would be of considerable magni
tude. Such correlations have not been attempted, because it was felt that the 
measurement of power output was too inaccurate. 

The mortality rates are tabulated in Table 3. Series 1 and Group A are 
included as one, since the conditions of the two experiments were identical. This 
is the only group in which any fatalities were noted, although Series 3 did not 
involve periods of exposure as long as some of those in the other two series. The 
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significance of the absence of fatalities following exposure in Series 3 for periods 
of 20 to 24 and 25 to 29 minutes is questionable. It appears likely that pulsed 
radiation resulted in greater absorption of energy than continuous wave radiation, 
as shown in the comparison of Series 1 and Series 3. Series 2 represents an 
experimental condition in which optimum resonance was not attained, and conse
quently one would not expect as efficient an absorption of energy as in the other 
two series. 

Pathology.-Two animals have not been included in this discussion because of 
the extensive pathological changes due to other causes. 

The pathological changes noted were essentially the same in respect to the type 
of radiation to which the animals were exposed; i.e., there was no detectable 
difference between animals exposed to the modulated carrier (pulsed) and those 
exposed to the unmodulated carrier (CW). For this reason no attempt has been 
made to relate the pathological findings to the type of exposure. 

TABLE 3.-/.,[ ortality in Rclatio1i to Duration of Last Exposure 

Group A and Serles 1 Series 2 Series 3 
No. of No. of No. ol Duration, Expo. No.of No. of Per Expo- No.of No. of Per Expo- No. of No. of lllin. sures Animals Deaths Per Cent sores Animals Dea tbs Cent sures Animals Deaths Cent 5.9 1 2 0 

10-14 l 1 0 
15-19 2 4 0 4 8 0 3 6 0 20-24 18 34 4 11.8 8 16 0 3 6 0 25•29 5 9 3 33.0 3 6 0 4 7 0 30-31 2 4 1 25.0 2 4 0 
35-39 2 2 100.0 2 0 
40 2 0 

Group A Only 

20-24 13 25 3 12.0 
35-39 2 2 100.0 

Although no gross changes were visible, all animals exhibited microscopic evi
dence of diffuse degeneration of the Purkinje cells and of the neurons of the 
cerebral cortex, the nuclei of the spinal nerves of the pons, the medulla, and in a 
few cases the cerebellum." These changes were evident in all cases of spontaneous 
death, as well as in those deaths induced 14 ancl 61 days after the last period 
of exposure. This fact leads one to believe that the damage was induced at the 
time of exposure and that little or no repair occurred. 

Gross hemorrhagic areas were noted in the myocardium in about 25% of the 
animals that died shortly after exposure. In all except one there was noted a 
diffuse degeneration of the myocardial fibers, manifested by los., of striations, 
pyknosis of the nuclei, and, in some, vacuolation of the myocarcI:al fibers. The 
degree of damage varied considerably but bore no detectable relationship to the 
type of radiation. 

Gross submucosal hemorrhages were usually quite exte~sive in the trachea of 
all animals that died immediately after the exposure. In some instances there was 

5. Oldendorf, W. H.: Focal Neurological Lesions Produced by Microwave Irradiation, 
Proc. Soc. Exper. Biol. & Med. 72:432-434, 1949. 
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gross evidence of intrapulmonary hemorrhage and pulmonary edema. Microscopi
cally, there were marked hyperemia, edema, and extravasation of erythrocytes into 
the submucosa of the trachea in most cases. Pulmonary edema and intra-alveolar 
and subpleural hemorrhages were noted in all the animals of this group. In one 
animal killed 61 days after the last expos·.1re there had developed a hyperemia of 
the pulmonary alveolar capillaries, with marked infiltration of these capillaries with 
granulocytes. In another a confluent lobular pneumonia had developed when it 
was killed the day following the last exposure. 

The intestinal tract, especially the jejunum and ileum of animals that died 
shortly after exposure, showed gross evide:1ce of rather severe multiple but localized 
areas of hemorrhage, which appeared to extend through the entire wall of the 
intestine. Microscopically, the changes varied from hyperemia and hemorrhage 
into the mucosa to frank necrosis of the mucosa! epithelium. In one animal there 
had been a fibroblastic reaction within the mucosa! tissues. The caecum of this 
animal also had a marked hyperplasia of the lymphoid cells of the surface mucosa 
and of the granulocytes within the mucosa. In ano:her animal there had been a 
slight necrosis of the superficial epithelial cells of the jejuna! mucosa, death having 
occurred 109 days after exposure. The a:1imals which were killed for postmortem 
examination failed to demonstrate any pathological changes of the gastrointestinal 

tract. 
The tips of the lobes of the livers of animals that d:ed immediately after exposure 

were found on examination to be usually grayish in color. Microscopically, the 
changes varied considerably from a mild to a moderate degeneration of the hepatic 
cells. Focal cell necrosis also was found. In some cases, there was also necrosis 
of the granulocytes and lymphocytes in the lumina of the hepatic vessels. In the 
animal that died 109 days after exposure there was a fatty vacuolation and focal 
hyaline necrosis of the hepatic cells. There was no evidence of damage in the livers 
of two animals killed 14 and 10 days, respectively, after the last exposure. There 
was only slight damage to the liver of one animal killed 15 days after the last 
exposure, but there was a moderately diffuse parenchymatous degeneration of the 
hepatic cells of another killed 61 days af:er the last exposure. 

Grossly, all spleens appeared quite normal. l\Iicroscopically, there was usually 
some evidenc~ of hyperemia, and occasi01:ally there was a focal necrosis of lympho
cytes and of some granulocytes in the sinusoids as well as in the follicles. In one 
animal a splenic hyperplasia had developed, and there was also evidence of hemo
poiesis. There was a marked hyperemia in the spleen of_ another. 

Grossly, the capsules of the kidneys o: many of the animals which died immedi
ately after exposure were grayish in appearance. The most constant finding in 
all the animals was a degeneration of the epithelial cells of the proximal and the 
distal convoluted tubules of the kidney. In the two animals subjected to the greatest 
total amount of radiation there was a slight degeneration of the cortical cells of 

the adrenals. 
Although almost all animals at one or more times during and following exposure 

had a severe mucopurulent conjunctiva! discharge, there was evidence of gross or 
microscopic changes in the eyes 6 in only one animal in which a slight swelling of 

6. Daily, L., Jr.; Wakim, K. G.; Herrock, J. F., and Parkhill, E. M.: Effects of Microwave 
Diathermy on the Eye, Abstract, Am. T. Phvsiol. 155:432, 1948. 
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the anterior capsule of the lens was noted. No evidence suggesting the development 
of lenticular cataract 7 was discovered. 

There was no evidence of any burns of the skin of any portior_ of the body of 
any animal involved in these experiments. 

COMMENTS 

It was hoped in placing the animals inside a wave guide and thereby making 
them part of the resonating system that power level measurements could be made, 
which, when compared with the power levels prior to their entry into the system, 
would give a "resultant power absorption." It was soon cliscoverecl that the tuning 
mechanism of the antenna was not sufficiently critical to give more than an approxi
mation. In aclclition, the rather erratic characteristics of the transmitter made 
accurate tuning quite difficult. The latter factor also made the accurate metering 
of the transmitted frequencies somewhat inaccurate, although the error in fre
quencies is only of the order of magnitude of about plus or minus 5 mG. It is felt 
that a great deal of additional work is inclicatecl on this aspect of the problem in 
order that a better understanding may be obtained of the absorption factors of 
electromagnetic radiation in this range of frequencies. 

These experiments have indicated that a frequency of about 350 me will produce 
very rapid heating in the rabbit. Pathological changes were produced which, when 
severe enough, were sufficient to cause death. Prompt lethal injury was character
ized by the development of acidosis, with hyperpnea, tetany, convulsions, and 
respiratory arrest. In those animals which died and also in those which survived, 
even though some of them exhibited few signs other than hyperpnea and hyper
pyrexia, the pathological changes were quite uniform. The most striking features 
were the following: ( 1) diffuse degeneration of the neurons of the cerebral cortex, 
the medulla, the basal ganglia, the pons, and in some cases the cerebellum; (2) 
diffuse degeneration of the epithelial cells of the proximal and the distal convoluted 
tubules of the kidney, and ( 3) a mild to moderate degeneration .of the myocardial 
fibers. These findings were prominent and constant regardless of the period of 
recovery from the last exposure, since they appeared in those aninnls which died 
immediately as well as in animals killed for examination as long as 61 clays a:ter 
the last exposure. 

There seemed to be definite evidence of partial reversal of certain other patho
logical changes, as follows : ( 1 ) hemorrhage and edema of the larynx, trachea, and 
pulmonary parenchyma; (2) degeneration of the hepatic cells, and (3) hemorrhage 
and necrosis of the intestinal mucosa and stomach. 

The complete absence of any ocular pathology was not anticipated. The report 
of other investigators indicated that power levels, such as those used in these 
experiments, might produce lenticular opacities, because the transmitter output was 
almost invariably in excess of 100 W. Although it is recognized bat the power 
density according to the size of the wave guide was only slightly in excess of 
0.1 W /cm.2, the heating efficiency of the enclosed system was greater than it would 
have been in free space. In addition, under conditions in which the absorption of 
energy is sufficient to cause a generalized hyperthermia and in whicl:-_ ocular struc-

7. Richardson, A. vV.; Duane, T. D., and Hines, H. M. : Experimental Len'.icular Opacities 
Produced by Microwave Irradiations, Arch. Phys. Med. 29:765-769, 1948 
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tures are also in the electromagnetic field, one might expect the absorbed energy 
to be of sufficient magnitude to heat ocula::- tissues at a faster rate and, consequently, 
to a higher level than other organs. This deduction is based upon the notoriously 
poor heat loss mechanisms of the eyeball itself. From a practical standpoint, in 
relation to the exposure of operating personnel, this may be of some significance. 
A reasonable conclusion, if one can interpolate from the rabbit, is that the dangers 
of cerebral, renal, and myocardial damage are greater than the danger of ocular 
damage. The exception might exist in rare instances when persons might be 
subjected to localized beams of radiation directed t.J the regions of the eye only. 
Of course, such circumstances would also place cerebral tissues in some jeopardy 
simultaneously. 

There was no detectable pathological difference in the effects produced by 
"pulsed" as compared with "continuous wave" radiations in these experiments. 
The average power output of the pulsed radiations was essentially of the same order 
of magnitude as the peak power output of the continuous wave radiations. 

SUM~ARY 

Experiments utilizing a radio frequency transmitter to exposed rabbits ( Flemish 
females) were conducted in order to study the effects of this radiation on the body 
temperature and on the tissues. The transmitter emitted a carrier wave of the order 
of 350 me, which in certain experiments was modulated with a noise signal which 
had a random frequency up to about 5 me. In other experiments the carrier wave 
was unmodulated. 

The duration of the exposure of rabbits to these experimental conditions varied 
from 7 to 40 minutes. Eight deaths resulted, and in all other cases there were 
varying degrees of hyperthermia. Every animal whose rectal temperature was in 
excess of 44.5 C. at the termination of the exposure succumbed. One animal died 
after an exposure which induced an increase in rectal temperature to only 41.2 C. 

The characteristic lesions found in the animals which died spontaneously and in 
those which were killed for postmortem examination were degenerative lesions of 
the brain, kidneys, heart, and to a somewhat lesser degree of the liver, gastro
intestinal tract, respiratory tract, and spleen. No significant evidence of damage 
to the ocular structures was noted. 

The results of these experiments indicate that "whole-body" irradiation by radio 
transmitters of frequencies approximating 350 me may induce degenerative lesions 
of the central nervous system, kidney, myocardium, liver, gastrointestinal tract, and 
respiratory system in about that order of decreasing severity, provided that power 
densities are of sufficient magnitude. The accurate measurement of this critical 
power density is one which awaits further study and development. It is hoped 
that this work will serve to stimulate further investigation along these or similar 

avenues. 
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EFFECT OF MODIFICATIONS OF THE SURFACE OF QUARTZ ON ITS 
FIBROGENIC PROPERTIES IN THE LUNGS OF RATS 

1. Quartz Leached with Ringer's Solution 
2. Quartz Etched with Hydrofluoric Acid 
3. Quartz Coated with Coal Extract 

E. J. KING, D.Sc., Ph.D. 

G. P. MOHANTY, Ph.D. 

C. V. HARRISON, M.D. 
LONDON, ENGLAND 

AND 

G. NAGELSCHMIDT, Ph.D. 
SHEFFIELD, ENGLAND 

T HE IMPORTANCE of solubility of silica dust particles in causing silicotic 
lesions and tissue fibrosis has long been recggnized, and it has often been 

assumed that the pathogenicity of a silica dust would be directly proportional to its 
solubility. On the basis of the findings from an extensive study on solubility of 
different dusts, King 1 has stated that although this hypothesis was true for the 
majority of the dusts it was found to be limited for some others. No explanation 
could be offered for this. 

Although the majority of workers in pneumoconiosis research have accepted 
the solubility theory of silicosis, some authors (Heffernan,2 Policard,3 Briscoe,4 
and Wey! 5

) attribute pathogenicity to the freshly fractured surfaces of the silica 

From the Postgraduate Medical School of London (Profs. King, Mohanty, and Harrison) 
and from the Safety in Mines Research Establishment (Dr. Nagelschmidt). 

I. (a) King, E. J.: The Solubility of Dusts from South Wales Coalmines, in Chronic Pul
monary Disease in South Wales Coalminers: III. Experimental Studies, Medical Research 
Council, Special Report Series, No. 250, London, His Majesty's Stationery Office, 1945, pp. 
69°94; (b) Solubility Theory of Silicosis: Critical Study, Occup. Med. 4: 26-49, 1947. 

2. Heffernan, P.: What is Silicosis? Tubercle 16: 397-405, 1935; Silicosis, in British 
Encyclopaedia of Medical Practice, Interim Supplement 50, London, Butterworth & Co., Ltd., 
1946, pp. 14-16. 

3. Policard, A.: Some Aspects of the Pathology of Pneumoconiosis, in Proceedings of 
Conference on Silicosis, Pneumoconiosis, and Dust Suppression in Mines, London, Institute of 
Mining Engineers and Institute of Mining and Metallurgy, 1947, pp. lS-26. 

4. Briscoe, H. V. A.: The Chemistry of Dusts, J. & Proc. Roy. Inst. Chem., pp. 204-206, 
1949. Briscoe, H. V. A.; Matthews, W.; Holt, P. F., and Sanderson, P. M.: A Note on Some 
New Characteristic Properties of Certain Industrial Dusts, Tr. Inst. Mining and Metallurgy, 
London 46: 145-155, 1937. 

5. Wey!, W. A.: Some Unusual Oxidation Phenomena Accompanying the Crushing of 
Silica, in Proceedings of Conference on Silicosis and Aluminum Therapy, 1950, McIntyre 
Research Foundation, Toronto, pp. 22-25. 
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particles. They suggest that the pathological process basically consists in hydration 
of the silica particle at the expense of the cell protoplasm. They are also of the 
opinion that freshly fractured particles have greater bi::ilogical activity than old 
ones and should be considered more pathogenic. Gardner 6 and King ia could not 
find any difference in pathogenicity between freshly fractured quartz and quartz 
dust kept in the laboratory for many years in a dry state. With regard to the 
hydration of particles, Gardner 6 conducted an experiment with the use of quartz 
dust kept in sterile isotonic saline for several months and found that it was as 
pathogenic as the dry dust. King 1

b suggested that the hydration of the respirable 
dust particles occurs immediately they are produced or, at any rate, as soon as they 
enter the lung. Commenting on the "freshly fractured surface theory" of silicosis, 
Wright 7 has pointed out the need for further biological research to elucidate the 
pathogenic properties of the quartz dusts, and in recent German publications 
the contrast between the extremely toxic action of dissolved or colloidal silica and the 
slow fibrogenic action of solid quartz has been stressed <Ji:itten 8 and Holzapfel 9

). 

King ib found the apparent solubility of finely powdered quartz to decrease 
progressively from about 16 mg. of dissolved SiO 2 per 100 ml. to less than 1 mg. 
when the quartz was repeatedly extracted with weekly changes of Ringer's solution 
of pH 7.4. In recent physicochemical studies, Ritchie and associates 10 have shown 
that quartz particles obtained by grinding contain a relatively highly soluble outer 
layer which can be removed by repeated buffer extraction and can be regenerated 
by grinding and in other ways. Under this layer there is a relatively insoluble 
quartz core. The high solubility layer accounts for most of the silica "solubility." 
It is believed to be similar to the classical Beilby layer. Independently, Nagel
schmidt and associates 11 found evidence for an amorp:ious surface layer on fine 
quartz powders by quantitative determination of quartz by x-ray diffraction methods 
before and after etching the powders with hydrofluoric acid. 

Animal experiments were devised to test the pathological significance of these 
observations. Two sets of quartz samples were prepared as follows : (a) by 
repeated leaching with Ringer's solution and ( b) by etching with hydrofluoric acid. 
The untreated quartz samples served as controls. The main experiments were done 
by intratracheal injection into the lungs of rats, but in addition a· few intraperitoneal 
injections into rats and mice were used for some of the samples, coal and calcium 
carbonate being used in this case as additional controls. 

6. Gardner, L. U.: Etiology of Pneumoconiosis, J. A. M. A. 111: 1925-1926, 1938. 
7. Wright, B. M.: Freshly Fractured Surface Theory of Silicosis, Nature, London 166: 

538-540, 1950. 
8. Ji:itten, K. W., and Gartner, H.: Research Into the Aet:ology of Pneumoconiosis, Med. 

Welt 20: 1367-1371, 1951. 
9. Holzapfel, L.: A Critical Analysis of the Chemical Therapy of Silicosis, in Contributions 

to the Study of Silicosis, Bochum, Silikose-Forschungsinstitut der Bergbau-Berufsgenossen
schaft, 1952, Vol. 15, pp. 1-19. 

10. Dempster, P. B., and Ritchie, P. D.: Surface of Finely Ground Silica, Letters to the 
Editors, Nature, London 169:538-539, 1952. Clelland, D. W.; Summing, W. M., and Ritchie, 
P. D.: Physicalchemical Studies on Dusts: I. A. High-Soh:bility Layer on Silicious Dust 
Surfaces, J. Appl. Chem. 2 :31-41, 1952. 

11. Nagelschmidt, G.; Gordon, R. L., and Griffin, 0. G.: Surface of Finely Ground Silica, 
Letters to the Editors, Nature, London 169:539-540, _1952. 
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Pneumoconiosis of coal miners has been described in Great Britain by Hart 

and Aslett,12 Belt and Ferris,13 Gough,14 Fletcher,15 me! others. The prevalence 

of the disease in South Wales was found to be strongly correlated with the rank 

of the coal. In searching for an explanation of this dependence on rank, the 

following argument can be made. 

Pneumoconiosis may be a modified form of silicosis. Coal of low rank can to 

an appreciable degree be brought into colloidal solution by treatment with ethylene

diamine (Dryden 16
). Steam coals yield only a very little colloidal extract, and 

anthracites yield none. It is conceivable that a similar mechanism operates in body 

fluids and that amino acids and amines might dissolve some bituminous coal and 

this coal might coat the surface of any quartz in the lungs. Coal-coated quartz 

may be relatively nontoxic, just as iron-coated quartz was in the experiments of 

Kettle 17 or aluminum-coated quartz was in the work of Denny and associates.18 

In order to test this hypothesis, a third experiment was set up with a sample of 

fine quartz on which a bituminous coal extract had been deposited. The same 

quartz, uncoated, was used as control. 

DESCRIPTION OF SAMPLES 

Quartz.-The source of the quartz for the first two experiments was a Belgian glass sand 

from which the following samples were prepared and used: ( 1) Quartz < 2µ and (2) Quartz 

0.5 to 1µ. The sample below 2µ equivalent diameter was prepared dry by air elutriation in an 

apparatus of the type described by Roller.10 This sample was cliviclecl and part of it leached with 

Ringer's solution for 2'2 weeks, the liquid being renewed every week. The effect of this was to 

reduce the silica solubility from 9.3 to 1.0 mg. per 100 ml. 

The separation of the sample 0.5 to 1µ was clone by centrifuging in clistillecl water without 

using any dispersing agent. A fraction below 0.5µ had first been removed by repeated centri

fugation, and the sample itself was freed in the same way from larger particles. This sample 

was cliviclecl, and part of it was heated with Analar hydrofluoric acid and washed repeatedly. 

The amount of acid was calculated so as to convert about one-half of the quartz into SiF,. The 

effect of this was to reduce the silica solubility of the remaining etched quartz from 9.1 to l.'2 

12. Hart, P. D'A., and Aslett, E. A.: Medical Survey, in Chronic Pulmonary Disease in 

South Wales Coalminers; I. Medical Studies, Medical Research Council, Special Report Series, 

No. '243, London, His Majesty's Stationery Office, 1942, pp. 1-20:2. 
13. Belt, T. H., and Ferris, A. A.: Pathological Report, in Chronic Pulmonary Disease in 

South Wales Coalminers: I. Medical Studies, Medical Research Council, Special Report Series, 

No. 243, London, His Majesty's Stationery Office, 1942, pp. 203-222. 
14. Gough, J.: Pneumonoconiosis in Coal T~immers, J. Path. & Bact. 51 :'277-285, 1940; 

Pneumonoconiosis in Coal Workers in Wales, Occup. Med. 4:86-97, 1947; Proceedings of Con

ference on Silicosis, Pneumonoconiosis, and Dust Suppression in Mines, London, Institute of 

Mining Engineers and Institute of Mining and Metallurgy, 1947, pp. 7-10. 
15. Fletcher, C. M.: Pneumoconiosis of Coal-Miners (Goulstonian Lecture), Brit. M. J. 

1: 1015-10'2'2, 1948. 
16. Dryden, I. G. C. : Extraction of Bright Coals by Anhydrous Ethylenecliamine, Letters 

to the Editors, Nature, London 162:959-960, 1948. 
17. Kettle, E. H.: Interstitial Reactions Caused by Various Dusts and Their Influence on 

Tubercular Infections, J. Path. & Bact. 35:395-405, 1932. 
18. Denny, J. J.; Robson, W. D., and Irwin, D. A.: Prevention of Silicosis by Metallic 

Aluminum: Preliminary Report, Canad. M. A. J. 37: 1-11, 1937. Denny, J. J.; Robson, W. D., 

and Irwin, D. A.: Prevention of Silicosis by Metallic Aluminum, Canad. M. A. J. 40:213-'228, 

1939. 
19. Roller, P. S.: Construction of Accurate Air Separator, J. Inclust. Engin. Chem., Anal. 

Eel. 4:341, 1932. 
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mg. per 100 ml. Another sample was prepared as before but was washed repeatedy with saline 
(0.9% NaCl). A third sample was prepared in the same way, but in order to remove any 
traces of hydrofluoric acid that might remain adsorbed on the quartz it was electrodialyzed with 
platinum electrodes for 40 hours. This reduced the silica solubility further from 1.2 to 0.1 mg. 
per 100 ml. 

Details of the size distribution and chemical composition of these samples are given in Tables 
1 and 2. It should be noted that the nominal sizes of the samples given above refer to equivalent 

TABLE 1.-Size Distribution aml Analysis of Quartz and Ringer's 
Solution-Extracted Quartz Dusts 

Samples-Size, µ, 

< 0.45 ...................... · · · 
0.45-0.64 ....................... .. 
0.64-0.90 ..•...................... 
0.90-1.30 .......................•. 
1.30-1.80 ........................ . 
1.80-2.60 .•....................... 
2.60-3.60 ........................ . 
3.60-5.10 ........................ . 

No. of particles counted ....... . 
Estimated surface area 

(m.2/gm.) ................... . 
Si02, % ....................... .. 
Ignition loss, o/o ................ . 
Silica solubility 

(mg. Si02/lOO ml.) ........... . 

Control Quartz (0-2 µ,) % 

By No. 
19.4 
38.8 
27.3 
10.8 
2.6 
1.0 
0.1 

1,359 

2.9 
97.9 
1.2 

9.3 

By Mass 
1.8 

11.8 
22.2 
24.2 
16.8 
18.1 

5.2 

Ringer's-Extracted Quartz, % 

By No. 
31.5 
29.2 
29.2 
7.4 
2.1 
0.6 

1,646 

3.3 
98.0 
1.5 

1.0 

By Mass 
4.1 

11.3 
30.9 
21.7 -

17.8 
14.2 

TABLE 2.-Size Distribution and Analysis of Qiwrtz and HF-Extmcted Quartz Dusts 

Size,µ, 
0.32 ........................ . 

0.32-0.45 ........................ . 
0.45-0.64 ........................ . 
0.64-0.90 ........................ . 
0.90-1.30 ........................ . 
1.30-1.80 ........................ . 
1.80-2.60 ........................ . 
2.60-3.60 ........................ . 

No. of particles counted ....... . 
Estimated surface area 

(m.2/gm.) .................... . 
Si02, % ....................... .. 
Ignition loss, % ............... .. 
Silica solubility 

(mg. Si02/lOO ml.) ........... . 

Control Quartz (0.5-1 µ,), % 

By No. 

14 
26 
33 
20 
5.8 
1.2 

478 

2.5 
97.0 
2.2 

9.1 

By Mass 

0.9 
5.1 

19.2 
32.5 
26.8 
15.5 

HF-Extracted Quartz, % 

By No. 
8.2 
9.1 

13.2 
32.7 
23.4 
13.4 

453 

2.4 

1.2 

By Mass 
0.2 
0.5 
2.1 

15.4 
31.0 
50.8 

spherical diameters, whereas the sizes in Tables 1 and 2 refer to projected diameters. Insofar 
as the particles are not spheres, the projected diameters are larger. 

"Controls."-The control samples used in the intraperitoneal experiments were the following. 
(a) unleached quartz; ( b) precipitated calcium carbonate, and ( c) turbin-ground anthracite 
coal. 

Precipitated Calciuni Carbonate._:_ This was a chemical product (Analar, British Drug 
Houses). The powder was well ground with an agate mortar and pestle and was strained through 
a 325 mesh standard sieve. 

Anthracite Coal.-This was prepared by Dr. B. M. Wright by turbine-grinding a sample of 
anthracite coal from South Wales. The ash content of this was 2.4%, and the silica solubility 
was 0.2 mg. per 100 ml. The size distribution is given in Table 3. 
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Coal-Coated QU11Jrtz.-From a commercial sample of fine quartz which was less pure than 

the Belgian glass sand, a fraction below 2µ. equivalent diameter was prepared by sedimentation in 

water. Part of the sample was coated with coal by shaking it in the ethylenediamine extract of 

a low-rank bituminous coal, while the pH was lowered to precipitate the coal. Precipitation 

was fairly complete, but some of the coal was subsequently lost in washing. The coal-coated 

sample looked yellower than the untreated sample, and it contained 1 % of carbon by analysis. 

We are grateful to Dr. I. G. C. Dryden of the British Coal Utilization Research Association 

who carried out this work. 

TABLE 3.-Size Distribution and Analysis of Anthracite Dust 

<0.90 
0.90-1.30 
1.30-1.80 
1.80-2.60 
2.60-3.60 
3.60-5.10 
5.10-7.20 

Size,µ, 

7.20-10.20 ............................................... . 

10.20-14.4 ••....•...............•..•....................... 

No. of particles counted ............................. . 

Estimated surface area (m. 2/gm.) ..................... . 

Ash content, % ......................................... . 
Silica solubility (mg. Si02/lOO ml.) ................... . 

By No. 
37.7 
14.7 
11.7 
16.9 
9.9 
6.5 
2.6 
0.2 

Per Cent 

By Mass 

1.0 
1.1 
2.4 
9.6 

15.9 
29.4 
33.3 
7.3 

390 
1.2 
2.4 
0.2 

TABLE 4.-Ana./ysis and Paq-ticle Size Distribution of Quartz and Coal-Coated Qiwrtz 

<0.45 
0.45-0.64 

0.64-0.90 
0.90-1.30 
1.30-1.80 
1.80-2.60 
2.60-3.60 
3.60-5.10 
5.10-7.20 

Size,µ, 

Estimated surface area (m. 2 /gm,) .... . 
No. of particles counted ............... . 

Si02, % ................................ . 
Ignition loss, % ........................ . 
Silica solubility (mg. Si02/lOO ml.) .. .. 

Quartz,% 

By No. 
42.7 
29.4 
15.3 

7.5 
2.9 
1.4 
0.7 
0.1 

Analysis 

2.2 
799 

86.5 
2.5 
1.25 

By Mass 
2.8 
6,4 
9.2 

12.4 
13.7 
18.5 
26.5 
10.5 

Coal-Coated Quartz,% 

By No. 
23.l 
32.8 
22.4 
13.8 

5.7 
1.9 
0.3 

2.47 
688 

87.2 

3.0 
0.98 

By Mass 
1.4 
6.6 

12.3 
21.0 
24.9 
23.3 
10.5 

Size distribution, silica solubilities, and partial analysis of the two samples are shown in 

Table 4. Although some of the particles below 0.S.µ. appear to have been lost in the coating 

process, the surface areas are very similar. The chemical purity of the samples, and consequently 

the silica solubilities, were low. Figure 5 shows combined electron micrographs and electron 

diffraction patterns of the two samples. The micrographs show dense particles which are prob

ably quartz and platy ones which give diffraction effects of a clay mineral. The coal in the 

coal-coated sample cannot be seen. In view of the fact that before precipitation this coal con

sisted of particles of the order of 200 to 400 A. (Nagelschmidt and Cartwright 20 ), this failure 

is not surprising. 

20. Nagelschmidt, G., and Cartwright, J.: Accessible Surface Areas of Coal, Nature, London, 

169:270-271, 1952. 
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Methods of Injecting the Dusts.-Most of the experiments were ,:arried out by a modification 
of the intratracheal injection technique of Kettle and Hilton, 21 but because of the length of time 
(six to nine months) usually required to attain a maximum fibrotic reaction by this method and 
in order to obtain reasonably differentiating responses to the dusts in a relatively short length 
of time, additional methods for studying the tissue reaction have been considered. Various 
routes have been used by different workers, as follows: Sayers, 22 intraperitoneal injection; 
Policard,23 conjunctiva! application, and Kettle 17 and Irwin and Gibson,24 subcutaneous injec
tions. Of these the intraperitoneal injection appeared to be the quickest, as by 30 days reasonably 
differentiating observations could be made (Miller and Sayers 22 ). Miller and Sayers 25 and 
Miller, Sayers, and Yant 26 conducted experiments with the use of several varieties of mineral 
and mine dusts. They concluded that the intraperitoneal injection method can be applied for a 
rapid assessment of the fibrogenic properties of various industrial dusts concerned in the causation 
of pneumoconiosis. According to their findings they have classified the dusts into three groups: 
absorptive, inert, and proliferative. Similar reactions were also obtained by McCord, Fleming, 
Ainslee, and Johnston. 27 We therefore resorted to this method as an additional means to study 
the pathogenic effects produced by aged and etched quartz dusts and to compare with these an 
absorptive and an inert dust. 

INTRATRACHEAL EXPERIMENTS WITH LEACHED AND ETCHED QUARTZ 

PrepMation of the Dust Suspensions for Animal Injections.-One and one-half grams of the 
two different fractions of quartz dusts ( < 2µ for Ringer's and 0.5 to lµ for HF) were shaken 
in 1 oz. bottles with 15 ml. of isotonic saline and sterilized by autoclaving for 20 minutes at 
15 lb. pressure. One-half milliliter of the dust suspension corresponded to 50 mg. of the indi
vidual dust, and each animal received injections in this amount of the suspension. 

Animals.-The rats used were the black-and-white piebald variety of the Medical Research 
Council strain. They were all of the male sex, and the average weight was 225, gm. Fifteen 
rats were used for each of the control series, and 25 rats for the test series of experiments. 

In the group receiving hydrofluoric acid-extracted quartz, 18 rats died within a fortnight. 
Bacteriological examinations were carried out to isolate and identify any possible causative 
organism, if present. But on the basis of the negative bacteriological findings, and as the seven 
remaining rats died during the next five weeks presenting almost sin:ilar naked-eye appearances, 
it was thought that this high mortality rate might be due to the presence of some appreciable 
amount of hydrofluoric acid in the dust. Chemical analysis showed 0.006% hydrofluoric acid. 
Three more series of experiments were therefore set up with six rats in each group, with the 
use of the following samples: (1) control quartz (0.5 to lµ) plus 0.015% hydrofluoric acid, i. e., 
7.5µ HF per rat; (2) original hydrofluoric acid-extracted sample after washing it several 
times with isotonic saline, and ( 3) original sample of HF -extracted quartz after electrodialysis. 
The dust suspensions were prepared in the same way as described above. 

21. Kettle, E. H., and Hilton, R.: Techniques of Experimental Pneumonoconiosis, Lancet 
1: 1190-1192, 1932. 

22. Miller, ]. W., and Sayers, R. R.: The Physiological Response of Peritoneal Tissue to 
Dusts Introduced as Foreign Bodies, Pub. Health Rep. 49: 80-88, 1934. 

23. Policard, A.: Method of Detection and Study of Mineral Particles in the Tissues, 
Especially Pulmonary Tissue, Bull. histol. appliz. physiol. 7: 129-131, 1930. 

24. Irwin, D. A., and Gibson, C. S.: Experimental Study of Toxicity of Various Types of 
Quartz, Canad. M. A. J. 39:349-351, 1938. 

25. Footnote 22. Miller, ]. W., and Sayers, R. R.: Physiological Response of Peritoneal 
Tissue to Certain Industrial and Pure Mineral Dusts, Pub. Health Rep. 51: 1677-1689, 1936. 

26. Miller,]. W.; Sayers, R.R., and Yant, W. P.: Response of Peritoneal Tissue to Dusts 
Introduced as Foreign Bodies, J. A. M. A. 103:907-912', 1934. 

27. McCord, C. P.; Fleming, R. L.; Ainslee, H., and Johnston, J.: The Measurement of 
the Harmfulness of Dusts for Humans Through the Agency of Animal Reactions, with Special 
Reference to Lesions Produced by Silica as Basis of Comparison, Surg., Gynec. & Obst. 63: 129-
137, 19316. 
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Experimental Procedure.-The dust suspension (0.5 ml.) was injected into the" lungs of 
animals through the trachea via the mouth. Rats were lightly anesthetized with ether. The 
tongue was retracted forward with a small clip, and an auroscope fitted with a medium-sized 
speculum was inserted into the mouth as far as the oropharynx. The throat was cleaned of 
mucus. A long blunt needle ( 4 in. [ 10 cm.) X 14 gauge) was passed between the vocal cords 
into the trachea until it struck the carina. The needle was withdrawn about 2 mm. Six-tenths 
milliliter of the individual suspension (0.1 ml. retained in the syringe) was drawn into a 1 ml. 
syririge, fitted with a 1¼ in. (3 cm.) X 19 gauge needle, from the bottle of suspension, which 
was keJ)t agitated in a mechanical flask shaker. The syringe was removed from the needle in 
the bottle, and a little air was sucked into the syringe to facilitate the shaking of the suspension 
in it. The syringe was then attached to the needle in the trachea, and the suspension was 
injected quickly and forcibly to obtain a good dispersion in the lung. The needle was then with
drawn from the trachea. No regurgitation of the SU..5pension was noticed. The animals suffered 
from a short period of apnea immediately after the injections. When they regained normal 
respiration, they were put into their cages. 

Pathological Technique.-Routine postmortems were carried out on the rats which died or 
were killed. The lungs of the killed animals were gently ciistended by injecting about 1() ml. of 
10% formol saline through the trachea which was exposed at the neck. Most of the air in the 
lungs was expressed by gentle pressure on the sides of the thorax. The trachea was tied off, the 
thoracic cavity opened, and the lungs, with the tied-off portion of the trachea, were removed and 
placed in the fixative. In the case of the dead animals, the lungs were first removed intact and 
were then distended gently with the fixative to the normal size, as satisfactory replacement 
could not be obtained otherwise. After preliminary fixaticn for four days, blocks were selected 
in the usual manner, the lungs being cut in their long axis at the level of the hilum to include 
the hilar lymph nodes and to obtain the maximum representative area from each lung. After 
complete fixation, the blocks were embedded and cut in paraffin. Sets· of four serial sections 
from each block were taken. The first was stained by Gordon and Sweet's 28 silver impregnation 
method; the second was stained with hematoxylin and eosin; the third was used for micro
incineration, and the fourth was kept as spare, which in some cases (especially in HF-treated 
groups) was used for Gram's stain to exclude infection. 

Duration of Experi1nents.-In the animals receiving quartz and Ringer's-extracted quartz, 
the maximum degree of fibrosis was reached· in 180 days. As consistent results were obtained in 
both groups up to- 270 clays; it -was decided to complete tl:e experiment at that date (and to use 
the rest of the animals for other· experiments). One rat from the Ringer's-solution-extracted 
group was lost due to death and cannibalism. 

Because of the death of all the rats within 48 days in the group receiving HF-extracted 
quartz, short-term experiments were conducted with the use of smaller numbers of animals. In 
this series two rats were lost due to death and cannibalism, one from the group receiving 
HF-extracted quartz and the other from the group receiving washed HF-extracted quartz. (The 
remaining 11 rats in the control group of this series were used for other purposes.) 

Assessn,z,ent of Results.-The pathological changes produced in the lungs of the 
animals have been assessed according to Belt and King's 29 classification. Five 
grades of fibrosis hav~ been recognized as follows: Grade 1, loose reticulin fibers 
with no collagen formation; Grade 2, compact reticulin fibers with or without 
collagen formation; Grade 3, slightly cellular but almost collagenous; Grade 4, 
wholly collagenous and completely acellular, and Grade 5, acellular, collagenous, 
and confluent. The details of the individual experiments have been summarized 
m Tables 5, 6, and 7. 

28. Gordon, H., and Sweets, H. H., Jr.: Simple Method for Silver Impregnation of 
Reticulum, Am. J. Path. 12: 545-552, 1936. 

29. Belt, T. H., and King, E: J.: Tissue Reactions Produced Experimentally by Selected 
Dusts from South Wales Coalmines, in Chronic Pulmonary Disease in South Wales Coalminers: 
III. Experimental Studies, Medical Research Ceuncil, Special· Report Series, No. 250, London, 
His Majesty's Stationery Office, 1945, pp. 29-68. 
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Gross Appeaircmce of the Lu,ngs.-Naked-eye appearances of lungs and pleura 
m both groups of animals receiving quartz and Ringer's-solution-extracted quartz 
were similar at their corresponding periods. From the beginning of the experiment 
irregular, grayish-white lesions, about 3 to 4 mm. in diameter, either in the form of 
spots or in streaks, were seen on the surface of the lungs, mainly on the posterior 
aspects. They increased steadily in size and became more and more firm in con
sistency so that after six months large patches of confluent fibrosis were seen 
involving the major part of the lung parenchyma. Pleural inflammation exhibited 
in the thickened patches or in sessile adhesions was seen in many of these animals. 
The tracheobronchial lymph nodes were firm and were enlarged to several times 
their normal size. 

In the second series of experiments, with HF-extracted quartz, the macroscopic 
appearances of the lungs and pleura were totally different. Great variations were 
noted among each group. Animals receiving the original HF-extracted quartz 

TABLE 5.-Assessment of Fibrosis in Sections of Lungs of Rats Receiving 
Qu,arfz and Ringer's-Solution-Extmcted Quartz Dusts 

Control Quartz Ringer's-Extracted Quartz 

1- 30 

31- 60 
61- 90 
91-120 

121-150 

151-180 

181-210 

211-240 
241-270 
271-365 

366-427 

Days of Survival 
Mode of 
Death 

K* 

K 
K 
K 
K 

K 

K 
K 
K* 
K 
D 
D 

K (3) 

Grade of 
Fibrosis 

2 

3 
3max. 
3max. 

4 

5 

5 
5 

5 
Eaten 
Eaten 

5 

• Sections from these animals have been reproduced in figures. 

Mode of Grade of 
Death Fibrosis 

K lmin. 
K* 2min. 
K 3 
K 3max. 
K 4min. 
D Eaten 
K 4 

K (2) 5 
D 5 

K (2) 5 
K (2) 5 

K* (2) 5 
K (3) 5 
D (2) Eaten 
K (4) 5 

K = killed; D = died; figures within parentheses indicate the number of deaths or killings; min.= mini
mal and max. = maximal within the indicated group of fibrosis. 

showed severe hemorrhagic inflammatory reactions in their lungs during the first 
fortnight. The pleura was highly congested' and some blood-tinged fluid was present 
in the pleural cavity. The lungs were consolidated, and on the cut surfaces small 
areas of necrosis were seen. This inflammatory reaction appeared to decrease with 
time, and the lungs became more and more firm till in the last few animals they 
were almost completely fibrotic. In the groups of animals receiving quartz plus 
0.015% HF and washed HF-extracted quartz, some inflammatory changes were 
evident but to a less marked degree. Surface lesions, large, irregular, and grayish
white in color, were seen early in the experiments, but later the lungs presented firm 
and rubbery confluent areas. The appearances of the lungs of the group receiving 
dialyzed HF-extracted quartz and of the control q1,;1artz group were essentially 
similar. No necrotizing inflammatory reaction whatever was seen in any of the 
animal lungs. In the beginning small, pinhead, whitish spots were scattered over 
the surface, and they increased in size and in firmness as the experiments proceeded. 
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Microscopic Appearances of the Lungs.-Histologically, no difference could be 
observed between the group receiving Ringer's-solution-extracted quartz and its 
control. In both groups the pulmonary fibrosis advanced fairly rapidly, the maxi
mum degree ( Grade 5) being attained in six months, and this was maintained in 
both groups up to nine months, when the experiment was terminated. · 

In the HF series of experiments great variations were observed among the five 
groups receiving dusts differently processed from the parent quartz which was used 
as control. Hydrofluoric acid-extracted quartz induced an il)tensive exudative 
tissue reaction in the lungs of the animals. A remarkably severe degree of pul
monary fibrosis ( Grade 5), rather more diffuse than nodular, was produced as 
early as two weeks, whereas the parent quartz to which 0.015% HF was added 
and the washed HF-extracted quartz caused only a moderate degree of fibrosis 
( Grades 3 and 2, respectively) in the same time, and the dialyzed HF-extracted 
quartz and the parent quartz produced only Grade 1 fibrosis in a month. The 
progress of fibrosis was, however, more rapid with quartz plus 0.015% HF and 
with washed HF-extracted quartz ( Grade 5 in three months) than with the dialyzed 
HF-extracted quartz and the control quartz ( Grade 3 fibrosis). 

Detailed Hist,ologiml Findings.-Ringer's-Solution-Extracted Quartz: This dust 
produced a steadily progressive, severe, pulmonary fibrosis, and degree and rate of 
progress were parallel with that of the control quartz (Table 5). The sections 
from the lungs of the first rat killed three weeks after the injections showed well
formed, rounded nodules in relation to vessels and bronchioles and some nodules 
involving small groups of alveoli. The reticulin fibers within these nodules were 
fine and loosely woven ( Grade 1 fibrosis). In 30 days these fibers became thicker, 
and collagen formation was noticed in some (Grade 2 fibrosis, Fig. 1 A). The 
fibrosis advanced steadily, and at 150 clays acellular, hyalinized, and fully col
lagenous nodules of Grade 4 fibrosis were seen. 

These nodules became confluent ( Grade 5 fibrosis) in 180 clays, and this was 
maintained in all the animals killed up to the termination of the experiment at 270 
days (Fig. 2A). 

Control Quartz: This "parent" quartz produced a severe degree of fibrosis 
( Grade 5) in the lungs of animals in six months (Table 5). Large cellular nodules 
with compact network of coarse, reticulin fibers ( Grade 2 fibrosis, Fig. 1 B) were 
seen in the sections from the rat lung examined at 30 clays. The lesions became 
irregular, acellular, and hyalinizecl by 180 days, and collagen replaced the reticulin 
fibers ( Grade 4 fibrosis). Coalescence of such nociules was also seen at 180 clays 
( Grade 5 fibrosis), and this degree of fibrosis occurred in all animals killed up to 
270 clays (Fig. 2 B). In both groups the residual lung fields were clear. Free 
dust cells were occasionally seen. The hilar lymph nodes showed a good dust cell 
reaction. Pleural thickening was patchy. No marked emphysema was observed. 

Hydrofluoric Acid-Extracted Quartz: Extremely rapid and severe pulmonary 
fibrosis was produced by this dust ( Grade 5 fibrosis in 15 clays, Table 6). Seven 
rats died within six clays after receiving the injections and showed in their lungs 
an excessive amount of exudation into the alveoli and interstitial tissue. Areas of 
necrosis containing clusters of dust particles were seen. These necrotic areas were 
surrounded by thick zones of polymorpho- and mono-nuclear cells. Dust particles 
were found to be phagocytosed as early as 24 hours. No fibrosis was seen in sections 
of any of these animals dead in the first six days. On the seventh day four rats 
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Fig. 1.-A, electron micrograph of coal-coated quartz; X 10,000. B, electron micrograph of 
control quartz dust; X 10,000. 
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Fig. 2.-A, rat lung, 30 days after injection of 50 mg. of Ringer's-solution-extracted quartz 
dust, showing nodules with coarse and compact reticulin fibers ancl some collagen (Grade 2 
fibrosis); silver impregnation, X 45. B, rat lung, 30 days after injection of 501 mg. of control 
quartz dust, showing nodules with coarse and compact reticulin fibers and some collagen (Gracie 
2 fibrosis); silver impregnation, X 45. 



\. 
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died. All of them showed similar lung pathology, i. e., irregular areas of fine 
reticulin fibrosis in one rat ( Grade 1 fibrosis) and compact and coarse reticulin 
fibers in the other three rats ( Grade 2 fibrosis, Fig. 3 A). Progress of fibrosis 
was from this time extremely rapid. In sections from the two rats dead on the 
eighth day slightly cellular, almost collagenous lesions of diffuse character were seen 
( Grade 3 fibrosis) involving large fields of lung. The remainder of the rats died 
between the 14th and 47th days. The exudative reaction in their lungs was less 
marked, but areas of necrosis were present in most of them. Extensive fibrosis 
diffusely involving the lung was seen in all the animals. The fibrotic areas were 
acellular and fully collagenous ( Grade 5 fibrosis, Fig. 4 A). 

Samples of the pleural fluid and of the lung tissue were taken for bacteriological 
investigation from three rats dead during the first week. Cultures were negative. 
Gram's stain on the spare sections of all the animals of this group revealed no 
<Organism. Pleural thickening and free dust cells were present in all cases. 

TABLE 6.-Assessment of Fibrnsis in Sections of Lmzgs of Rats Receiving 
Quartz and HF-Extracted Quartz Dusts 

Control Quartz 
HF-Extracted Quartz+ 0.015% 
Quartz (0.5-1 µ,) Hydrofluoric Acid 

Mode of Grade of Mode of Grade of Mode of Grade of Days of Survival Death Fibrosis Death Fibrosis Death Fibrosis 
1- 30........................... K* 1 min. D (5) 0 D 0 

K* 1 D (2) Tissue for K 3 
culture 

D 1 
D (3)* 2 

D Eaten 
D (2) 3 

D 4 
D (5)* 5 

31- 60........................... K 2 max. D (4) 5 K 4 
61- 90........................... K 3 max. K 5 
91-120........................... D (2) 

K 4 K 
121-150........................... D K 5 

K 4 
K (3) 5 

* Sections from these animals have been reproduced in figures. 
K = killed; D = died; figures within parentheses indicate the number of deaths or killings; max.= maxi

mal within the Indicated group of fibrosis. 

Quartz Plus 0.015% HF: Rats receiving the same parent quartz to which 
0.015% HF was added showed initially a mild degree of hemorrhagic reaction. 
A severe pulmonary fibrosis, more nodular than diffuse, developed shortly (Grade 
5 fibrosis in 90 days), but it developed less rapidly than with the HF-extracted 
quartz (Table 6). The rat that was killed 30 days after the injections showed in its 
lungs areas of necrosis and large, irregular, partly acellular and collagenous nodules 
( Grade 3 fibrosis early). In the sections examined on the 60th day, completely 
acellular and fully collagenous nodules were seen ( Grade 4 fibrosis), and on the 
90th day coalescence of such nodules was noted ( Grade S fibrosis). 

Saline-Washed HF-Extracted Quartz: Although it developed less rapidly 
than with the original HF-extracted quartz, a severe degree of pulmonary fibrosis 
( Grade S) was produced by this dust in three months. Sections examined from 
the lungs of a rat 30 days after the injection showed large, irregular, cellular 
nodules, with densely packed reticulin fibers and some collagen formation ( Grade 2 
fibrosis). By the 60th day the lesions were only slightly cellular, and the reticulin 
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Fig. 3.-A, rat lung, 270 days after inj.ection of SO mg. of Ringer's-solution-extracted quartz 
dust, showing fully collagenous and confluent fibrosis of Grade 5; silver impregnation, X 25. 
B, rat lung, 270 days after injection of SO mg. of control quartz dust, showing fully collagenous 
and confluent fibrosis of Grade 5; silver impregnation, X 25. 
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Fig. 4.-A, rat lung, seven days after injection of 50 mg. of hydrofluoric acid-extracted quartz dust, showing nodules with coarse and compact reticulin fibers and some collagen (Grade 2 fibrosis) ; silver impregnation, X 60. B, rat lung, 15 days after injection of SQ, mg. of control quartz dust, showing small, rounded nodules with a network cf loosely woven fine reticulin fibers (Grade 1 fibrosis early); silver impregnation, X 60. 
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fibers were mostly replaced by collagen ( Grade 3, fibrosis late). The rat killed 
90 days after the injection showed confluent areas of acellular collagenous fibrosis 
in its lungs ( Grade 5 fibrosis). 

HF-Extracted and Dialyzed Quartz: The electrodialyzed HF-extracted quartz 
produced slowly progressive fibrosis ( Grade 3 in three months). This was similar 
to the control quartz in rate of production and severity of the lesions. The rat 
killed 30 days after the injections showed small, rounded, discrete nodules, with 
a network of loosely woven, fine, reticulin fibers (Grade 1 fibrosis early, Fig. 3 B). 
The residual lung fields were clear. Only occasionally were free dust cells found, 
singly or in small groups. The fibrosis progressed steadily. On the 60th day the 
nodules were somewhat larger and cellular; the reticulin fibers were coarse and 
more closely packed, and some of these were replaced by collagen ( Grade 2 fibrosis). 
Sections examined at 90 days showed large irregu2ar nodules almost acellular and 
collagenous ( Grade 3 fibrosis). 

Control Quartz: The parent quartz produced a steadily progressive pulmonary 
fibrosis in the experimental animals ( Grade 3 fibrosis late, Table 6). The lung 
lesions, seen in sections at 30 days, were small, well formed, rounded, and cellular. 
The reticulin fibers within these nodules were fine and in a loose mesh work ( Grade 
1 fibrosis, Fig. 4B). Lung fields were clear. The progression of fibrosis was gradual. 
By the 60th day the lesions became larger and irregular and more cellular. The 
reticulin fibers were thick and closely packed. In some nodules, collagen formation 

was quite heavy ( Grade 2 fibrosis late). At 90 days the nodules were somewhat 
acellular, and collagen fibers replaced the reticulin (Grade 3 fibrosis late). 

INTRAPERITONEAL INJECTIONS OF ETCHED QUARTZ AND CONTROL DUSTS 

Preparation of the Dust Suspension.-For the rats amounts of 0.5 gm. of each of the quartz, 

HF-extracted quartz, and HF-extracted and dialyzed quartz dusts and for the mice amounts of 

0.12 gm. of each of the above dusts and of precipitated ca'.cium carbonate and anthracite dusts 

were well shaken with 10 ml. and 6 ml., respectively, of sterile isotonic saline. One-fifth milli

liter ( approximately 3%) of cream-free milk was added to the anthracite dust suspension to 

keep the dust particles dispersed. The bottles containing the suspensions were sterilized by 

autoclaving for 20 minutes at 15 lb. pressure. 

Amina! lnjections.-Five black-and-white rats of Medical Research Council strain for each 

of the three quartz dusts and eight white mice for each of be five quartz and control dusts were 

used in these experiments. All were of the male sex; the average weight of the rats was 225 
gm. and of the mice 30 gm. The hair on the right side of the anterior abdominal wall of the 

animals was clipped, and tincture of iodine was applied. A 1 ml. sterile syringe fitted with a 1 in. 
(2.5 cm.) X 24 gauge needle was used for the injections. The dust suspensions were kept 

agitated in a mechanical flask shaker before use. One milliliter of the individual suspension for 

each rat and 0.5 ml. for each mouse, corresponding to 50 mg. and W mg., respectively, of the 
dusts, were injected intraperitoneally; a drop was injected rnbcutaneously at the site of injection 

as an indicator. Immediately after the injection all the animals suffered from a period of 

momentary mild convulsion manifested by jerking of the limbs. 

Postmortem Procedure.-The rats were killed at 30, 60, and 90 days after the injections and 

the mice at 7, 14, 30, 60, and 90 days. As it was expected that the majority of the lesions would 

develop at the most dependent part in close proximity to the midline, the usual midline incision 

was replaced by extreme left- and right-sided incisions. 'Nhen the ends of the two incisions 

were joined over the lower part of the chest wall, the whole of the anterior abdominal wall 
was reflected toward the tail end of the animal. After inspection of the lesions, the abdominal 

flap was cut close to the hindlegs. This flap and the dust deposits on any of the abdominal 
organs were preserved in 10% formol-saline. To keep the flap flat, it was pinned at the four 

corners onto a piece of cork mat. 

I 

' 
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Description of the Lesions.-Great differences were seen in the reactions pro
duced by the three main types of dusts used for intraperitoneal injection, viz., all 
three varieties of quartz produced sufficient reaction to form nodules; the anthra
cite dust, although present throughout the period, did not show any proliferation of 
connective tissue, and the precipitated calcium carbonate was absorbed from the 
peritoneum within a short period without leaving any scar-tissue formation. Of 
the three quartz dusts the electrodialyzed one produced the maximum proliferation. 
The parent quartz and the HF-extracted quartz produced almost the same intra
peritoneal reaction. 

The lesions were found to be scanty on the anterior abdominal wall, and in some 
animals there were none, even though deposits were present in other parts of the 
abdominal cavity. No regularity was found in the site where the maximum lesions 
were produced. A large number of deposits, some of them large, was always found 
on the omen tum. Large ones were sometimes seen on the abdominal wall. Numbers 
of small nodules were diffusely scattered over other abdominal viscera-testes, epi
cliclymis, seminal vesicles, intestine, liver, spleen, mesentery, and diaphragm, in 
that order. Only occasionally, in the case of anthracite, were small lesions found on 
the posterior abdominal wall. There was no lesion on the peritoneum where it 
was traumatized by the puncture of the needle. Some adhesions were seen with the 
different quartz dusts between the abdominal viscera and the anterior abdominal 
wall, especially in the lower part, close to the urinary blaclcler. 

Rats.-Larger lesions were produced, and it was easier to read the findings in 
the rats than in the mice. As the first animal from each group was killed 30 days 
after the injections, the earlier inflammatory reactions could not be seen. 

HF-Extracted Quartz: Thirty clays. Two small nodules, about 2 111111. in 
diameter, were found on the anterior abdominal wall; more nodules, up to 6 mm. 
in diameter, on the omentum; a few, 2 to 4 mm. in diameter on the testes and intes
tine. Sixty clays. Small nodules, up to 2 mm. in diameter, were found on the 
anterior abdominal wall; many were found on the omentum, the largest being 
8 X 4 mm.; a few small ones were found on the seminal vesicles. Ninety clays. One 
nodule, 4 X 2 mm., was found on the anterior abdominal wall; large numbers of 
variable sizes, up to 8 X 5 mm., were found on the omentum; smaller ones were 
found on the testes, liver, and spleen. 

HF-Extracted and Dialyzed Quartz: Thirty clays. Three small nodules, about 
2 111111. in diameter, were found on the anterior abdominal wall near the xiphisternum; 
large numbers, up to 6 mm. in diameter, were found on the omenturn; smaller ones 
were found on the genital organs and intestine. Sixty clays. One nodule, 6 X 4 mm., 
was found on the anterior abdominal wall; large numbers were found on the omen
tum, the largest being 8 X 6 mm.; small ones were found on the intestine, liver, 
spleen, and stomach. Ninety days. One large nodule, 6 X 4 mm., was found on the 
anterior abdominal wall, to which a loop of intestine was attached by means of an 
adhesion band; one large nodule, 10 X 8 mm., and a few small ones were found on 
the greater omentum; two small nodules were found on the testes. 

Quartz: Thirty clays. One small nodule, about 2 111111. in diameter, was found 
on the lower part of the anterior abdominal wall, and a large number of nodules, 
2 to 4 mm. in diameter, were seen on the omentum; smaller nodules on the genital 
organs, liver, spleen, and stomach were also present. Sixty days. A few small 
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nodules, up to 2 mm. in diameter were found on the anterior abdominal wall; large 

numbers of variable sizes, 4 to 8 mm. in diameter, were found on the greater omen

tum and up to 5 mm. in size on the testes. Ninety days. One large irregular nodule, 

8 X 6 mm., was found on the anterior abdominal wall, to which loops of intestine 

were attached by adhesion; many nodules, up to 5 mm. in diameter, were found 

on the omentum, intestine wall, and genital organs. 

Mice.-HF-Extracted Quartz: Small deposits on the anterior abdominal wall 

and slightly larger ones on the omentum were seen after seven days. All were 

surrounded by a hyperemic zone round the edges. Tiny collections were also present 

on the intestine, genital organs, liver, and spleen. The nodules were slightly larger 

at 30 clays. One large nodule, 2 to 4 mm. in diameter, was on the anterior abdominal 

wall on the 60th clay. Similar nodules were seen at 90 clays. 

HF -Extracted and Dialyzed Quartz: The lesions produced by this quartz were 

essentially similar to those produced by the HF -extracted quartz. More adhesions 

were noted in this group of animals. 

Quartz: The dust deposits were smaller and fewer on the anterior abdominal 

wall than on the omentum. Small collections were found on the testes, epiclidymis, 

liver, spleen, intestine, and stomach. A zone of congestion and edema was present 

round the edges up to 14 clays, but this disappeared by the 30th clay. The 

deposits increased in size with the progress of time, but no regularity was seen in 

regard to the site where the nodules developed to the maximum size. They were 

quite firm by 90 clays. In some cases thin adhesion bands attached a loop of intestine 

to the abdominal wall or one loop to the other. 

Anthracite: Coal dust was found in streaks and in small deposits, more on the 

omentum and mesentery than on the anterior abdominal wall. Other viscera

intestine, liver, spleen, and diaphragm-showed some tiny collections of dust par

ticles. There were a few small black areas on the i:;osterior abdominal wall in some 

of the mice. No appreciable increase in the proliferation of the connective tissue 

was noticed up to the end of the experiment, although the amount of dust did not 

appear to decrease. The reaction produced by the coal dust seemed to be only 

enough to hold the particles in position. 

Precipitated Calcium Carbonate: Seven clays after the injections some tiny 

deposits of the dust were seen on the anterior abdominal wall, omentum, testes, and 

intestine. The deposits were surrounded by small zones of inflammatory reaction, 

congestion, and edema, a foreign-body type of reaction. These appeared small at 

14 clays, and the inflammatory reaction was less marked. No scar tissue was formed, 

and the sites of the dust deposits could not be detected after 30 clays. 

INTRATRACI-IEAL INJECTIONS OF QUARTZ AND COAL-COATED QUARTZ 

For this experiment' 20 white rats were used for each dust, and each rat received 75 mg. of 

dust through an incision in the trachea (Belt and King 29). The pulmonary fibrosis observed 

in the lungs of rats receiving injections of quartz and coal-coated quartz showed a remarkably 

steady progression with the advance of time. In the quartz group, fibrosis was seen two weeks 

after the injections, and a moderately severe degree (Grade 3 fibrosis) was attained by the 

fifth month. As the experiments proceeded, the lesions advanced in size and in degree so 

that by the ninth month completely acellular and confluent fibrosis of Grade 5 was produced. In 
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the case of the animals receiving coal-coated quartz, the first fibrotic change was noticed after 
four weeks, which was a little later than in the quartz group, but subsequently they did not 
show any further significant difference from the control group. 

Quartz.-The quartz produced the maximum degree of fibrosis m about nine 
months (Table 7). Of the two rats that died at 15 days after the injection, one 
showed in its lungs small collections of dust cells, intra-alveolar, perivascular, and 
peribronchial in situation. There was very little increase of reticulin fibers within 
the collections ( Grade 1 fibrosis minimal). The other rat had more advanced 

TABLE 7.-Assessment of Fibrosis in Sections of Lungs of Rats Receiving 
Quartz and C oal-C oa;ted Quartz Dusts 

Quartz Coal-Coated Quartz 

Mode of 
Days of Survival Death 

1- 30. ... .. ... ..... ...... ..... ... .......... D 
D 

31- 60.................................. .. . . K 
D 

61- 90................... .. . . . . . . .. . . . . . . . .. K 
91-150........ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . D 

151-180...................................... K 

181-210...................................... K 
211-240............................. .. . .. . . . . K 
241-270...................................... K 

271 

271-300 ..................................... . 

301-330 ..................................... . 
331-365 ..................................... . 

K 

K 
D 
K 

D 
K 
K 
K* 
K 
K 

Grade of 
Fibrosis 

2 
lmin. 

1 
Eaten 

1 
Eaten 

4 

4 
5 
5 

4 
5 

5 

5 
5 
5 
5 
5 
5 

• Sections from these animals have been reproduced in figures. 
K = killed; D = died; Min.= minimal within the indicated group of fibrosis. 

Mode of Grade of 
Death Fibrosis 

D Excluded 
D 0 
K 1 
D 1 
D Eaten 
K 1 
D 
D Eaten 
D 3 
K 3 
D 3 
D Eaten 
D 4 

K 4 

K 5 
K 5 

K 4 

K 5 
K* 5 
K 5 

lung lesions composed mainly of fibroblasts: on reticulin staining, thick and dense 
reticulin fibers with a moderate amount of collagen were seen within the nodules 
(Grade 2 fibrosis). A rat killed on the 31st day showed in its lungs well-formed 
cellular nodules, but the reticulin fibers were fine and were arranged in a loose 
network ( Grade 1 fibrosis). No further advance of the lesions was seen until the 
155th day, when large, irregular, slightly acellular nodules were found. Such 
nodules showed densely packed, coarse, reticulin fibers with· central collagenous 
areas ( Grade 3 fibrosis). The fibrosis progressed steadily, and by the 270th day 
the maximum degree of acellular, collagenous, and confluent fibrosis was attained 
( Grade 5). The remaining 11 animals, dead or killed between this period and the 
365th day, had similar lung pathology and Grade 5 fibrosis (Fig. 6 A), except one 
at the 300th day, which showed only Grade 4 fibrosis. 
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Fig. 5.-A, rat lung, 15 days after injection of SO mg. of hydrofluoric acid-extracted quartz 

dust, showing fully collagenous and confluent fibrosis of Grade S; silver impregnation, X 25. 

B, rat lung, 30 days after injection of SO mg. of control quartz dust, showing nodules with loose 

network of fine reticulin fibers (Grade 1 fibrosis) ; silver impregnation, X 60. 
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Fig. 6.-A, rat lung, 365 days after 75 mg. of coal-coated quartz dust, showing fully collage
nous and confluent areas (Grade 5 fibrosis); silver impregnation, X 30. B, rat lung, 365 days 
after 75 mg. of control quartz dust, show:ng fully collagenous and confluent areas (Grade 5 
fibrosis); silver impregnation, X 30. 
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Coal-Coated Quartz.-The coating of coal on the surface of the quartz did not 

seem to alter its pathogenic property. The lesions produced by this dust were 

almost exactly of similar grade within the same period of time (Table 7). Two rats 

died 23 days after the injections. One was excluded from the series because its 

lungs showed evidence of infection. The other showed a good dust cell reaction and 

small focal accumulations of cells, but there was no fibrosis. The rat killed on the 32d 

day showed well-formed cellular nodules, which were intra-alveolar, perivascular, 

and peribronchial. Residual lung fields were clear, but a mild degree of emphysema 

was noted. The reticulin fibers were fine and were arranged in a loose meshwork 

( Grade 1 fibrosis). Up to 120 days fibrosis did not progress much beyond Grade 1, 

although one animal which died on this day showed larger, partly acellular nodules, 

with a few patent alveoli within some of them. The coarse reticulin fibers were 

lightly packed, and there was much collagen formation ( Grade 3 fibrosis). Similar 

changes were also seen in two animals (one dead and one killed) on the 151st day 

( Grade 3 fibrosis). Sections examined on the 176th clay and the 200th clay showed 

further progress in the pathology, the lesions being completely acellular and fully 

collagenous but still remaining separate from each other ( Grade 4 fibrosis). By 

the 240th clay they coalesced into one another so tl:.at confluent fibrosis of Grade 5 

was produced. This degree of fibrosis was maintained in the next six animals 

(Fig. 6B), except for one of Grade 4 fibrosis at the 300th day. 

COMMENT 

Recent physicochemical studies have shown that fine quartz powders can be 

considered as having a particular structure. The outside of each quartz grain 

consists of an amorphous silica layer of higher solubility, and the core, of quartz 

of lower but still measurable silica solubility. The experiments described above 

were undertaken to compare the fibrogenic effects of quartz on the lungs of rats, 

before and after stripping the amorphous layer slowly by leaching with Ringer's 

solution or quickly by etching with HF. 
The Ringer's-solution-extracted quartz acted exactly as its control acted. There 

was a regular increase in the severity of the lesions, and confluent fibrosis was 

reached in five months. In this case stripping the amorphous layer did not affect the 

fibrogenic response. 
In contrast, the HF-treated sample acted far more quickly. All degrees of 

fibrosis up to confluent fibrosis ( Stage 5) were reached in less than a month; 18 out 

of 25 animals died within a fortnight, and none survived 48 days. The controls 

gave Stage 3 fibrosis as the maximum within three months, just as did the two 

samples in the Ringer series above. The specific surfaces were nearly identical, 

although the nominal size of this quartz was different (0.5 to 1 JJ, as against< 2 JJ,). 

Table 8 summarizes the intratracheal injection results: 

It should be noted that 7.5 y of added HF corresponded to a much greater 

amount of fluorine than could be found by analysis of the HF-extracted quartz 

sample which had acted so quickly. 

These experiments are of a preliminary character, and no final explanation 

can as yet be given. The results do, however, suggest the following interpretation. 

It is irrelevant for the fibrogenic effect in rats whether or not any given quartz 

sample has its amorphous layer and consequently a higher silica solubility, or 

whether this layer has been stripped and the silica solubility is low. This is elem-
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onstrated by the Ringer series and by the results with HF-extracted quartz in 
which a sample with silica solubility of 1.2 mg. of SiO2 per 100 ml. acted faster 
than its control with a solubility of 9.1 mg. In addition there is a specific effect 
in the HF-extracted quartz series which causes extremely rapid fibrogenesis. It 
is possible that this specific effect is due to fluoride or HF adsorbed on the sur
face of the quartz. The fact that fluoride could not be demonstrated chemically 
may indicate an exchange of F- for OH- on the quartz surface, but this requires 
further study. An alternative explanation of the additional effect would be the 
following: As a result of the rapid etching with HF, there is a defect lattice, with 
a high lattice energy and highly fibrogenic properties. Washing with saline or 
electrodialysis causes a rearrangement of the surface of the crystals to a more and 
more stable structure with less fibrogenic properties. It may be possible to decide 
between the alternative hypotheses of fluoride adsorption or defect lattice on the 
basis of further experiments, and it is not impossible that our knowledge of the 
silicotic process may in this way be advanced. 

Our conceptions about silica solubility and its relation to fibrogenesis will 
require modification. The previously found good agreement between solubility 

TABLE 8.-Number of Months to Give Various Stages of Fibrosis 

Quartz (50 Mg.) 
HF-extracted ............................ . 
Control + 7.5 µ, HF ..................... . 
Control .................................. . 

3 

1 
3 

Fibrosis Stage 

4 

2 

4 

5 

1 
3 
6 

in the test tube and fibrotic effect in animals of pure quartz sample~ or rocks high 
in quartz was due to tne ·fact that solubility is related to the surface area of q1.iartz 
per given weight. In mixture with aluminum or aluminosilicates also, re.duced 
solubility and delayed fibrogenesis go hand in hand. But it is now found that low 
solubility due to removal of the surface layer of quartz does not indicate less fibrosis. 
The resultant fibrosis is equal, or it may even be higher. 

The intraperitoneal experiments did not show such strong differences as the 
results in the lungs, although they were in qualitative agreement. The intra
peritoneal technique may be useful to distinguish gross differences as between, 
e. g., quartz and coal, but in our opinion it is not suitable for semiquantitative 
work of the kind with which we are concerned. Also as regards speed of reaction, 
this technique offers no advantage if histological sections are to be studied. 

The experiment on coal-coated quartz did not show any significant difference 
from its control, as both samples produced nodular and confluent fibrosis between 
five and nine months after injection. These findings are inconclusive. As it was 
not possible to demonstrate the coating in any way other than by bulk analysis 
( 1 % C in the coal-coated sample), we cannot even say that such coating does not 
retard the fibrogenic action of quartz. It is equally possible that the quartz sample 
was not properly coated. All that this particular experiment has shown is that fine 
quartz samples of low purity (85% SiO2 ) and of low silica solubility (1 mg. of 
SiO2 per 100 ml.) produced fibrotic effects in the lungs of rats which were in, no 
way different from those caused by purer samples with higher silica solubilities. 
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SUMMARY 

Animal experiments were carried out with rats to test the effect of surface 
modifications of quartz on its fibrogenic action in the lungs. 

Coating of the quartz surface with coal did not appear to modify its action; 
coated and uncoated quartz produced Stage 5 fibrosis equally in eight or nine 
months, but as the completeness of the coating couk not be proved, this experiment 
was inconclusive. 

The outer layer of amorphous silica on fine quartz grains was removed by 
exhaustive leaching with Ringer's solution and by etching with hydrofluoric acid. 
Stripping with Ringer's solution reduced the silica solubility to 10% of its original 
value but had no effect on the fibrosis which reached Stage 5 with sample and 
controls equally in five or six months. Etching with hydrofluoric acid, however, 
greatly enhanced the fibrogenic reaction. Stage 5 fibrosis was reached within one 
month, and all animals died within seven weeks. A similar, although not quite so 
rapid, reaction could be produced by adding a small amount of hydrofluoric acid 
to the unetched quartz control. Washing the etched sample with saline and electro
dialysis weakened the extra effect. As these are only preliminary findings, it is 
not yet possible to state whether the enhanced effect is due to fluorine, or to the 
quartz particles having acquired highly fibrogenic st:rface properties due to a defect 
lattice. The main conclusion is that removal of the aoorphous layer does not reduce, 
and may enhance, the fibrogenic action of quartz and that in samples of this type 
there is no parallelism between silica solubility determined in the test tube and 
fibrogenic effect in animals. 

Mr. B. S. C. Hollands and Mr. W. Weedon helped with :he injection in the animals, and Mr. 
Hollands also cared for the animals and assisted with the cutting of the sections. Miss V. Pash 
assisted with the analysis, Mr. J. Cartwright with the electron microscopy and diffraction, Miss 
H. Fowler with the microscopic size distribution, and Mr. A. J. Beal and Mr. L. Mardlin with 
the chemical analyses. Dr. Godbert prepared the Ringer's-solution-extracted quartz. The photo
micrographs were by Mr. E. V. Willmott. The expenses o:: the investigation were met in part 
by a grant from the Medical Research Council. 



ACUTE TOXICITY OF MINERAL DUSTS 
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GYE AND PURDY 1 showed that there was massive intravascular clotting in 
rabbits receiving intravenously administered injections of silicic acid. Although 

this clotting was secondary to endothelial damage, it was the cause of death. Modell 
and Salzman,2 using cats, found that even when an anticoagulant was used death 
still occurred. Their silicic acid was prepared by hydrolyzing sodium silicate, and 
the lethal dose was determined by continuous intravenous injection. They were 
able to show that there was no correlation between toxicity and either the acidity 
of the solution or the rate of injection. The systemic effects included accelerated 
respiration, which occurred simultaneously with or soon after a marked drop in 
blood pressure, progressive weakness, and finally clonic convulsions. A marked 
drop in blood pressure was rarely followed by recovery. In fatal cases the right 
side of the heart and the great vessels were distended with blood, while the left 
side was essentially empty. It was suggested that the silicic acid exerts its toxic 
effect by constricting the blood vessels of the lung; Filley, Hawley, and Wright 3 

have shown that colloidal silica produces a specific bronchoconstriction. 

Irwin and Gibson 4 made an experimental study of 14 types of quartz by inject
ing suspensions subcutaneously into rabbits. The tissue response produced at the 
site of injection was studied at intervals up to two years. All samples gave rise to 
a nodular fibrosis that was essentially the same in extent and degree, but there were 
no toxic deaths of the type described above. It is, of course, well known that the 
interstitial, intraperitoneal, and intratracheal injection of particulate silica produces 
only a slow chronic silicotic fibrosis and no acute toxic reaction. If given in divided 
doses over several days, the same particulate quartz can be injected into the blood 
stream in large amount, whence it is caught by the reticuloendothelial system and 

From the Postgraduate Medical School of London. 

1. Gye, W. E., and Purdy, W. J.: The Poisonous Properties of Colloidal Silica: The 
Effects of Repeated Intravenous Injections on Rabbits; Fibrosis of the Liver, Brit. J. Exper. 
Path. 3:86-94, 1922. 

2. Model!, W. C., and Salzman, C.: Pharmacology of Silica: Effects and Mechanism of 
Action of Fatal Intravenous Doses of Silicic Acid, J. Lab. & Clin. Med. 26:774-785, 1941. 

3. Filley, G. F.; Hawley, J. G., and Wright, G. W.: Toxic Properties of Silica: Broncho
constrictor Effect of Colloidal Silica in Isolated Perfused Guinea Pig Lungs, J. Indust. Hyg. 
& Toxicol. 27:37-46, 1945. 

4. Irwin, D. A., and Gibson, C. S.: Experimental Study of Toxicity of Various Types of 
Quartz, Canad. M. A. J. 39:349-352, 1938. 
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deposited in the liver and spleen to produce silicotic nodules, and no acute toxic 
effects are observed. On the other hand, both intratracheal and intravenous injec
tions of very finely divided silica of colloidal dimensions (20 A.) into rats ( 16 mg. 
per a 250 gm. rat) produced rapid shock-like death (King 5

); Koch 6 found that 
large doses of colloidal silica caused prompt death. Rabbits and dogs died quickly 
after receiving intravenously administered injections of a fairly concentrated solution 
of silicic acid (freshly neutralized sodium silicate S'J'o, containing 10 mg. of silica 
per milliliter) in amounts equivalent to about 10 mg. per kilogram, whereas the 
same and larger amounts of silicic acid ( e. g., 169 and 196 mg. of SiO2 injected 
into two dogs weighing 10 kg. each) were tolerated and were rapidly excreted in 
the urine when large volumes of a much more dilute solution ( 1 mg. of SiO2 per 
milliliter) were used (King, Stantial, and Dolan 7

). The difference was probably 
due to the formation of colloidal particles and floccules of silicic acid in the con
centrated solution and to their absence or near absence from the dilute solution 
whose silicic acid remained in a state of low molecular size, diffusible and capable 
of being excreted by the kidney. Very finely particulate quartz (200 mg.) of 
practically colloidal dimensions ( the faintly milky supernatant from fine quartz 
powder left to settle for several days in isotonic saline, all under 0.1 p, and con
taining 0.8 mg. of SiO2 per milliliter) caused hematuria, anuria, and death of the 
dogs when injected in the same way as the dilute (1 mg. per milliliter) silicic acid 
solution. Organic silica as the glycol ester of silicic acid is hydrolyzed slowly in 
water to silicic acid, partly disperse and partly colloidal; injections of this in 
amounts corresponding to 400 mg. of silica caused the dogs to become ill ( nausea 
and vomiting), to acquire hematuria and later anuria, and to 'die within a few days. 

All these experiments have seemed to imply that at a certain stage of division 
of "colloidal" size silica become intensely toxic, that larger-sized particles ( from 
about 0.1 to 10 p,) produce the slow chronic fibrogenic response of silicosis and no 
acute toxic effect, and that molecularly dispersed silicic acid is freely diffusible 
through animal tissues and membranes and is nontoxic and readily excreted by the 
kidney. Most biological work with silica has been done as long-term experiments 
to test chronic effects. Only a few investigations haye been concerned with immedi
ate toxic effects, and it has seemed to us interesting to conduct further experiments 
on the injection of a variety of dusts of different composition and particle size, with 
some of them coated with firmly adsorbed material. 

PREPARATION OF MATERIALS FOR INJECTION 

Mineral Dusts.-Two varieties of quartz were used. These included rock crystal quartz, 
a finely powdered preparation mostly under Sµ in size but with numerous particles up to 10µ, 
and sized quartz, prepared for us by Dr. G. Nagelschmidt from a very pure Belgian glass 

sand and provided in several size fractions. Kaolin was also prepared by Dr. Nagelschmidt, 

the particles being practically all between 0.2 and Sµ in size. Ammonford C was a South Wales 
shale of about the same size. The aluminum dust was the black McIntyre powdered metal used 

5. King, E. J. : Solubility Theory of Silicosis : Critical Study, Occup. Med. 4: 26-49, 1947. 

6. Koch, W.: Action of Different Forms of Silica in Sensitized Animals, Frankfurt. Ztschr. 
Path. 60: 58-96, 1949. 

7. King, E. J.; Stantial, H., and Dolan, M.: Biochemistry of Silicic Acid: The Excretion 
of Administered Silica, Biochem. J. 27:1007-1014, 1933. 
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for the prevention of silicosis; it was almost entirely 0.05 to 4,u in size. The aluminum hydrate 
(HX 1010), likewise used to prevent silicosis, was a light white powder, the particles of which 
consisted of aggregates of lath-like crystals of 0.02 to 0.04 ,u in length. The corundum smoke was 
the condensate from an electrolytic furnace in which bauxite was heated with coke and some 
iron scrap. It was about half silica, half alumina in composition, and its spherical particles 
were about 0.02 to 0.5 ,u in diameter. The coal dusts (anthracite and bituminous) were prepared 
by Dr. Nagelschmidt and were both of particle size 0.1 to 2 .u. The 20 A. silica was a condensate 
of very fine particles averaging about 20 A. (0.002 ,u) and was dispersed easily into a faintly 
milky solution in water or saline. 

Alitminum-Coated Quartz.-Four hundred milligrams of quartz (sized less than 2,u) and 
421 mg. of AlCb.6H20 was mixed with IQ, ml. of water and 10 ml. of imidazole buffer, 
pH 7.4, and shaken occasionally at room temperature for two weeks. After being centrifuged 
and washed with water, the mixture was suspended in 8 ml. of isotonic saline (0.9% NaO) for 
injection. This adsorption of aluminum on the quartz powder reduced its silica solubility from 
4.4 mg. of Si02 per WO' ml. to 0.1 mg. 

Quartz Coated with Crystal Violet and Quinacrine H ydrochloride.-The quartz was shaken 
in an aqueous solution of crystal violet, 2.5 mg./WO' ml., and quinacrine hydrochloride (Atabrine), 
10 mg./ml., at 37 C. for 48 hours, then centrifuged, washed and resuspended in isotonic saline. 
The quartz remained visibly stained with adsorbed dye. 

20A. Silica.-This was similarly adsorbed with aluminum, crystal violet, and quinacrine 
hydrochloride. 

Silica with Adsorbed Protein (from Serum).-One and five-tenths milliliters of serum obtained 
aseptically from the blood of six mice was diluted with an equal volume of isotonic saline and 
added to 15 mg. of 20 A. silica. The tube was "pasteurized" at 56 C. for three-fourths of an 
hour, then kept at 37 C. with occasional shaking for 48 hours. 

Colloidal Silica from Na.SiOa.8H20.-Na,SiOa.8H2, 2.217 gm., was dissolved in water, 
neutralized to methyl orange with HCI, made to 25 ml., and dialyzed until free from chloride. 
After fast mechanical stirring, the larger particles were allowed to settle and the supernatant 
decanted. This was found to contain 15 mg. of Si02 per milliliter and was diluted with N aCI 
solution to give a final concentration of 5 mg. per milliliter in isotonic saline. 

Colloidal Silica from Si(OC,H.),.-Si(OC2H.),, 1.733 gm., was heated with 25 ml. of 
0.001N HCI for two days on a water bath. The gel that formed was stirred mechanically, and 
after the larger particles had been allowed to sink, the silica was estimated. in the super
natant. This was 5.7 mg. per milliliter and was diluted to give 5 mg. per milliliter in isotonic 
saline. 

INJECTION 

All dusts were shaken through a 300 mesh sieve and with the use of an agate mortar were 
lightly ground in the isotonic saline until a smooth suspension was obtained. With many dusts, 
e. g., aluminum and coal, slow rubbing in a mortar with increasing amounts of liquid was the 
only sure way of bringing them into suspension. The flask containing the suspension was kept 
agitated to prevent sedimentation. White female adult mice were used, the tail vein being 
dilated with warm water. With the use of a No. 20 hypodermic needle, the suspension was 
injected in 0.1 ml. volumes at one-minute intervals until the animal became very weak, then it 
usually convulsed and died. When suspensions of large particles were used, the syringe was filled 
with 0.1 ml. only so that settling of the particles would be minimized, and the entire contents 
were injected. The needle was then left in the vein and the syringe refilled. 

RESULTS 

The animal response reported by Modell and Salzman in cats was similarly 
shown in mice in this experiment. Respiration rate increased, and the progressive 
weakness led to clonic convulsions which were always followed by death. The Table 
shows the toxicity of the materials used. 
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Lethal Mouse Doses of Various Mineral Dusts 

Wt. of Dust Minimum 
Required to and 

No. of Kill20Gm. Maximum Cone. of 
Suspension, Animals Mouse, Lethal Dose, 

Dust Mg./Ml. Used Average Mg. Mg. 

Rock crystal quartz............................... 50 
Freshly prepared ............................. . 5 23 9-38 
After 24 hr .................................... . H 28 26-30 

Rock crystal quartz + 2% aluminum............ 50 
Freshly prepared ............................. . 3 13 11-14 
After 48 hr .................................... . 3 32 31-33 
After 96 hr .................................... . 3 28 10-43 

Rock crystal quartz + quinacrine hydrochloride 50 
Freshly prepared ............................ . 3 31 8-45 
After 48 hr .................................... . 3 45 mg. did not kill 

Sized quartz (< 2µ)... .. . . . .. . . . . . . . . . . . . .. . . . . . . . . 50 
Freshly prepared ............................. . 11 25 7-47 
After 48 hr .................................... . 3 32 29-36 

Sized quartz (< 2µ) + 2% aluminum............. 50 
Freshly prepared ............................. . 3 25 16-33 
After 48 hr ..................................... . 3 20 11-26 

Sized quartz (< 2µ) + AICls·6H20............... 50 6 20 17-26 
Sized quartz (0.2-0.5µ)............................. 50 5 18 3-36 
Sized quartz (0.5•1µ) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 5 30 20-39 
Sized quartz (1 •2µ)..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 4 32 30-34 
Sized quartz (2-4µ). .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 5 17 6-22 
Sized quartz (4-8µ). .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 5 17 12-22 
Sized quartz (> 8µ).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 3 14 13-16 
Flint (<0.5µ) ..................................... 50 4 28 25-33 
Kaolin ......... ... ..... ..... .... .. ... .. . ...... ... .. 50 4 6.3 5-12 
Aluminum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 4 20 10-2G 
Aluminum hydrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 4 22 15-26 
Aluminum phosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 3 24 23-25 
Shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . . . . . . . . . . . 50 4 28 20-43 
Anthracite (< 2µ) . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 50 3 12 11-13 
Bituminous (< 2µ) •. . ... .. ... . .. .. . . .... .. ... . . . . 50 3 8 7.5-8.5 
India ink . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . 110 3 22 20-24 
Corundum smoke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 3 11 9-12 
Colloidal silica 

From .Na2SiOa·8H20 . . .. . . . .. . . . .. . . . . . . . . . . . 5 4 1.3 0.9-1.7 
From Si(OC2Ho)• . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 4 2.2 1.5-2.7 

Silica dust 20 A.................................... 5 
Freshly prepared ............................ . 12 1.6 0.4-3.1 
Adsoroeu crystal violet ....................... . 6 1.8 0.6-3.1 
With 2% aluminum ........................... . 6 1.6 1.0-3.2 
Adsorbed quinacrine hydrochloride .......... . 5 0.9 0.4-1.4 
Adsorbed AIC!a·6H20 ........................ . 6 1.3 1.1-1.6 
Adsorbed serum protein ...................... . 4 1.7 1.5-2.l 

COMMENT 

Colloidal silica is more than 10 times as toxic as quartz of larger dimensions. 
Quartz varying in size from 0.2 to 8 µ shows no marked difference in toxicity, nor 
do any other of the siliceous materials, with the exception of kaolin and corundum 
smoke, both of which are two to three times more toxic. Bituminous and anthracite 
coal are also twice as toxic as the quartz. But because of the few animals used· for 
each test, the recorded minimum lethal doses cannot be considered to be very 
precise, and the various quartzes, flint, kaolin, aluminums, and coals, all of particle 
sizes from about 0.1 to 10 µ, appear therefore to be rather similar in the amounts 
of them required to kill. There is, however, an apparent break between their required 
amounts and those of 20 A. (0.002 µ) silica and colloidal silicic acid. With the big 
drop in size of particles, the silica has become very much more lethal, and it seems 
probable that the acutely toxic "pharmacological" effect of silica is a matter of 
particle size and is given only by suspended silica of colloidal dimensions. The much 
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larger amounts of larger particulate silica required to kill may well contain some 
colloidal matter in their suspensions ( Clelland, Cumming, and Ritchie 8 ). 

It is apparent, of course, that not all foreign colloidal matter is toxic in this way; 
colloidal carbon ( India ink), various colloidal dyes, and colloidally dispersed metals 
and oxides of metals can, as is well known, be tolerated in large amounts. Thus, 
King and Dolan 9 injected 3 ml. per kilogram of Thorotrast (609 mg. of thorium 
dioxide) intravenously into rabbits without any apparent effect, either acute or 
chronic; we have injected India ink into mice in amounts of 0.2 ml. ( equivalent to 
22 mg. of carbon) before signs of weakness appeared. Silica may not be unique, 
but we do not know of any other substance which is highly toxic only in the colloidal 
state, while remaining relatively very much less toxic at a larger size and apparently 
nontoxic when absorbed in a molecularly dispersed state, as is done constantly in 
large amounts by all herbivorous animals which ingest silica in their food, absorb 
much of it, and promptly excrete it in the urine (King and Stantial 7

). The reverse 
is, of course, quite common; e. g., dissolved arsenic is lethal, while colloidal arsenic 
can be tolerated in considerable amount. 

It could, of course, be argued that the phenomenon is clue entirely to surface 
area; i. e., that colloidal silica has a much greater area than particulate silica of 
"respirable" dimensions. But in the absence of any knowledge of what "surface" 
of silica particles implies in the way of special properties, this seems to us to beg 
the question. It may be that particles of silica, particularly those of the crystalline 
varieties, have special surface properties which may cause biological effects 
independent of any silicic acid that may dissolve away from them. It could, for 
instance, be argued that the prevention of silicosis by coating quartz particles with 
aluminum can be explained in this way, although the prevention of any silica 
going into solution because of the coating with aluminum seems a more probable 
explanation. 

It is interesting that substances which adsorb strongly on quartz dust, e. g., 
aluminum, dyes, and proteins, have no effect on the acute toxic properties of 
colloidal or 20 A. silica as well as none on quartz itself, although one of them 
(aluminum) so markedly lessens the fibrogenic activity of quartz. 

Although these results have no direct bearing on silicosis, they do suggest a 
possible mechanism of silicosis production. Fine quartz particles release silicic acid 
into solution in a liquid or in the liquid contents of a cell. Some of the silicic acid 
escapes into the blood and is carried away to be excreted; other silicic acid molecules 
polymerize to colloidal dimensions and become fixed on the protoplasm of the cell. 
Colloidal silicic acid, like colloidal alumina, is a protein precipitant (Rappaport 
and Reifer 10

), as is a mixture of them, and its action in precipitating some of the 
protein of the engulfing cell may be the cause of the typical fibrotic response which 
is always caused by the presence of free silica particles in tissues. The quartz 
particles, however, must be of fairly definite size range. They must not be too small, 
like 20 A. silica, or they will produce an acute toxic effect. If they are too big, no 

8. Clelland, D. W.; Cumming, W. M., and Ritchie, P. D.: Physicochemical Studies on 
Dusts: A high-Solubility Layer on Silicious Dust Surfaces, J. Appl. Chem. 2:31-41, 1952. 

9. King, E. J., and Dolan, M.: Unpublished data. 
10. Rappaport, F., and Reifer, I.: New Methods of Deproteinization, Mikrochemica Acta. 

1: 220-225, 1937. 
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appreciable dissolution will take place. The formation of silicotic nodules is a slow 
chronic phenomenon. It appears that to produce them silica particles must be small 
enough to liberate slowly and over a long time soluble silica into solution from their 
surfaces in sufficient amount to produce a chronic local irritative effect; they must 
not be so small that they will quickly and completely dissolve and either be carried 
away or produce only an acute local effect which will lack the continuous stimulus 
of constantly released colloidal silicic acid. It may be this prolonged irritative or 
stimulating effect of constantly released colloidal silica which is responsible for the 
formation of the fibrous scar tissue of a silicotic nodule (Jotten and Gartner's 11 

article contains recent similar ideas). 

Belt 12 described the structure of the silicotic nodule as a core of densely packed 
fibers containing numerous doubly refractive particles of silica surrounded by a 
sheath of fibers (ball of twine structure). Microincineration revealed a dense halo 
of fine silica at the periphery but a space almost vacant of silica between the periphery 
of the fibrous sheath and the core. This structure strongly suggests a diffusion 
outward from the central deposit of particles of silicic acid, much of which becomes 
fixed on protoplasmic constituents in a zone slightly outside and surrounding the 
core, where microincineration reveals it as a multitude of very fine amorphous 
particles, easily seen in dark-field illumination but not visible with the refracting 
microscope. 

One of us (King 5
) has suggested that particles of quartz in the lung release 

silicic acid which has special biological properties. This biologically active "nascent" 
silica may be nothing other than polymerized silicic acid or colloidal silica. 

SUMMARY 

Intravenously administered injections of colloidal· silica caused rapid death in 
mice. Particulate silica of "respirable" dimensions ( 0.1 to 5 µ,) and other dusts of 
similar size were tolerated in similar amount, although large doses also caused death. 
The acutely toxic effect of colloidal silica was not abolished by the addition of 
aluminum hydroxide, dyes, or protein, substances which are strongly adsorbed on 
silica of larger particle size. It is suggested that the silicic acid which dissolves from 
the surface of quartz particles in the tissues becomes in part colloidal and that this 
colloidal silicic acid may in some way be related to the formation of silicotic lesions. 

This work was made possible by an expenses grant from the Medical Research Council. 
Mr. W. Weedon and Mr. B. C. S. Hollands rendered technical assistance with the animals. 

11. ]i:itten, K. W., and Gartner, H.: Research into the Etiology of Pneumoconiosis, Med. 
Welt 20:1367-1371, 1951. 

12. Belt, T. H.: Silicosis of the Spleen: A Study of the Silicotic Nodule, J. Path. & Bact. 
49:39-44, 1939. Belt, T. H.; Ferris, A. A., and King, E. J.: The Silicotic Nodule in Human 
and Experimental Silicosis: A Comparative Study, J. Path. & Bact. 51:263-267, 1940. 
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IN AN AQUEOUS suspension silica particles are negatively charged, and so 
adsorption of an amino acid takes place primarily by the mutual electrostatic 

attraction between this charge and the positive charge of the ammonium group of 
the "zwitterion." The rate and extent to which adsorption occurs in aqueous sus
pension depends on the interaction of the molecules with one another and on the 
nature and position of the secondary groups within the amino acid molecule. These 
secondary groups may influence the interaction between the amino acid molecules in 
solution, or if they are large groups they may have a steric blocking effect in the 
adsorbed molecules which would· then hinder further adsorption. Watson and 
Ritchie 1 adsorbed a series of simple amino acids onto quartz and found in most 
cases a rapid adsorption at 37 C., minimum near neutrality. Unbuffered solutions 
were used, as inorganic salts. alter the solubilities of amino acids in water and also 
influence the interactions between molecules. Lindau and Rhodius 2 have adsorbed 
ovalbumin and gelatin onto the surface of quartz at pH 4.8. Fifty per cent of this 
could be removed by washing with a buffer solution at pH 3. The adsorbed mole
cule resembles the dissolved molecule in charge and general behavior. Holt 3 has 
recently reported that adsorption of proteins onto the surface of quartz results in 
an altered orientation of the molecule due to the uncoiling of the protein chains so 
that the reactivity of certain groups is altered. 

In the following experimental work a series of histological dyes, amino acids, 
proteins, and protein hydrolysates have been tested for adsorption onto powdered 
quartz. 

QUARTZ DUSTS 

Belgian Glass Sand.-This is a very pure form of quartz. It was ground in an agate mortar, 
and a fraction of nominal particle size less than 2µ, was prepared by water sedimentation by 
Dr. G. Nagelschmidt. It analyzed 99.2% Si02; pipette analysis showed 87% by weight to be 
below 5µ in size, 47% below 2µ, and 22% below lµ_ 

From the Postgraduate Medical School of London. 

1. Watson, T., and Ritchie, P. D.: To be published. 

2. Lindau, G., and Rhodius, R.: The Physical-Chemical Analyses of Absorbed Molecules 
of Egg White in the Solid-Liquid Boundary, Ztschr. physiol. Chem. abstracted, 172:321-347, 
1935; abstracted, Chem. Abstr. 29:4651,7 1935. 

3. Holt, P. F.: Aspects of the Silicosis Problem, Nature, London, 169: 306-307, 1952. 
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Brazilian Rock Crystal.-Pieces of clear quartz crystal were ground to a fine powder of 
size under SP., with a few particles up to 10µ. It analyzed 99% Si02. 

Lochaline Silica Sand.-This was a sieved, water-sedimented fraction of a high-grade silica 
sand, 99.6% Si02, which was used by Clelland, Cumming, and Ritchie 4 in solubility studies 
and by Watson and Ritchie 1 in studies of adsorption of amino acids and peptides. We are 
grateful to Professor Ritchie for this and for allowing us t) compare our results with his. 

HF-Treated Quartz.-In order to remove the amorphous layer from the surface of quartz 
particles (Dempster and Ritchie 5 and Nagelschmidt, Gordon, and Griffin 6 ), 15 gm. of the 
Belgian quartz was treated with 20 ml. of 10 N H2SO. + 10 ml. of hydrofluoric acid until the 
total mass had been reduced by about half (20 to 30 minutes). The quartz was filtered 
immediately and was washed by centrifuging until the supernatant liquid was fluoride free 
(tested with sodium acetate and calcium chloride). The first preparation yielded 6.7 gm. and 
the second 9 gm. 

DYES 

Quinacrine H ydrochloride.-The yellow, fluorescent, substituted-acridine, antimalarial drug 
quinacrine hydrochloride (Atabrine) was dissolved in water (100 mg. of quinacrine hydro
chloride per liter). Four different pH levels were used for the test, viz., N HCl (pH 0), 
acetate buffer at pH 4.9, neutrality (pH 7), and bicarbonate buffer at pH 9.0. Two hundred 
milligrams of quartz dust (ground Brazilian rock crystal), 1 ml. of quinacrine hydrochloride 
solution, and 4 ml. of solution of known pH were shaken together for 30 minutes at room 
temperature and then centrifuged for 60 minutes. To 4 ml. of the supernatant was added 
0.5 ml. of concentrated HCI, and the volume made to 10 ml. This was compared in a photo
electric colorimeter ( violet light filter) with a standard quinacrine hydrochloride solution 
similarly treated. The results were as follows : 

N HO! ........................................... . 
pH 4.9 ........................................... . 

Quinacrine 
Hydrochloride 
Adsorbed,% 

0 
29 

Neutral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . 75 
pH 9.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

The color adsorbed by the quartz was not removed after washing twice with water. 

Histological Dyes.-Aqueous solutions of dyes were diluted to an intensity suitable for 
colorimetric work and were tested for adsorptioi1 with the use of the method given above for 
quinacrine hydrochloride. Results are given in Table 1. 

AMINO ACIDS 

Aqueous, unbuffered, amino acid solutions containing 0.2 ml. of chloroform per 100 ml. as 
a preservative were adjusted to the required pH. The quartz was shaken with these solutions 
in Lusteroid tubes at 37 C., then centrifuged for one hour, and the amino acid remaining in the 
supernatant estimated by either the Sorensen titration metl:od or the micro-Kjeldahl method. 
For the Sorensen titration method, 2 ml. of neutralized formalin was used with phenolphthalein 
as indicator, but in a few experiments a Cambridge pH meter was used to determine the 
end-point. 

Table 2 gives the results and also the details of the experimental conditions for each quartz 
sample and amino acid used. 

4. Clelland, D. W.; Cumming, W. M., and Ritchie, P. D.: Physicochemical Studies on 
Dusts: A High-Solubility Layer on Silicious Dust Surface,, J. Appl. Chem. 2:31-41, 1952. 

5. Dempster, P. B., and Ritchie, P. D. : Surface of Fi:1.ely Ground Silica, Letters to the 
Editors, Nature, London, 169:538-539, 1952. 

6. Nagelschmidt, G.; Gordon, R. L., and Griffin, O. G.: Surface of Finely Ground Silica, 
Letters to the Editors, Nature, London, 169: 539-540, 1952. 
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TABLE 1.-Adsorption of Dyes on Quartz 

Adsorption Staining of 
from Deposit Adsorption Adsorption 

Reaction 
of Dye 

Aqueous After H20 from from 
Dye Solution Washings N/100 Na OH N/100 HO! 

Acid fuchsin .......................... . 
Aurin ................................. . 
Azocarmine .......................... . 
Blebrich scarlet ....................... . 
Eosin ................................. . 
Phloxine red ......................... .. 
Neutral red ........................... . 
Acridine red ........................... . 
OrYStal violet ........................ . 
Methyl green ......................... . 
Nfle blue sulfate ...................... . 
Thlonlne blue ......................... . 
Victoria blue ......................... . 

Acidic 
Acidic 
Acidic 
Acidic 
Acidic 
Acidic 

Weakly basic 
Basic 
Basic 
Basic 
Basic 
Basic 
Basic 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

Slightly + 

Slightly + 
Slightly + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

TABLE 2.-Adsorption of Amino Acids on Quartz 

Quartz 
Ground rock crystal 

Loch aline silica 

Ground Belgian glass 
sand 

HF.treated quartz 

Commercial quartz 
(silica flour) 

Amino 
Acid 

Glycine 
Glycine 
Glycine 
Glycine 
Alanine 
Alanine 
Alanine 
Alanine 
Alanine 
Alanine 

Arginine 
Arginine 
Arginine 

Alanine 
Alanine 

Arginine 
Arginine 

Alanine 
Alanine 
Alanine 
Alanine 

Arginine 
Arginine 
Arginine 

Arginine 
Arginine 
Arginine 
Arginine 
Arginine 
Arginine 
Arginine 
Arginine 
Arginine 
Arginine 
Arginine 
Arginine 

Alanine 
Alanine 
Alanine 
Alanine 
Alanine 

Wt. of 
Quartz and 

Vol. of Amino 
Acid Solution 

Control (no dust) 
200 mg./8 ml. 
500 mg./8 ml. 

1 gm./8ml. 
2 gm./25 ml. 
2 gm./25 ml. 
2 gm,/25ml. 
2 gm./25 ml. 
2 gm,/25ml. 
2 gm./25 ml. 

Control (no dust) 
500 mg./8 ml. 

1 gm./8ml. 

Control (no dust) 
2 gm./25 ml. 

Control (no dust) 
4 gm./30 ml. 

800 mg./10 ml. 
800 mg./10 ml. 
800 mg./10 ml. 
800 mg ./10 ml. 

Control (no dust) 
2 gm./30ml. 
4 gm./30ml. 

Control (no dust) 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 
500 mg./10 ml. 

800 mg./10 ml. 
800 mg./10 ml. 
800 mg./10 ml. 
800 mg./10 ml. 
800 mg ./10 ml. 

Cone. of 
Amino 
Acid 
M/50 
M/50 
M/50 
M/50 
M/150 
M/150 
M/150 
M/150 
M/150 
M/150 

M/50 
M/50 
M/50 

M/200 
M/200 

M/50 
M/50 

M/100 
M/100 
M/100 
M/100 

M/100 
M/100 
M/100 

M/100 
M/100 
M/100 
M/100 
M/100 
M/100 
M/100 
M/100 
M/100 
M/100 
M/100 
M/100 

M/100 
M/100 
M/100 
M/100 
M/100 

• By Sorensen titration method with phenolphthalein as indicator. 
t By Sorensen titration method with pH meter. 
t By micro-Kjeldahl method. 

pH of 
Solu
tion 
7.2 
7.2 
7.2 
7.2 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 

7.2 
7.2 
7.2 

8.48 
8.48 

7.3 
7.3 

5.2 
5.2 
5.2 
5.2 

7.4 
7.4 
7.4 

7.2 
i.2 
7.2 
7.2 
7.2 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 

5.2 
5.2 
5.2 

5.2 
5.2 

Hr. of 
Adsorp

tion 
45 
45 
45 
45 
0 

24 
48 
72 
98 

98 

45 
45 
45 

96 
96 

96 

96 

0 

½ 
3 

21 

96 
96 

96 

48 
48 
96 

144 
192 

0 

1 
2 

3 
4 

5 

6 

0 

3 
21 

+ 
+ 

Mg.N 
in lOMI. 

Super
natant 

2.04 * 
2.12 
2.04 
2.12 

0.89* 
0.92 
0,92 

0.92 
0.94 
0.91 

8.26* 
8.24 
8.52 

0.77* 
0.76 

7.34 * 
7.39 

1.43 t 
1.37 
1.40 
1.29 

3.82 t 
3.68 
3.51 

3.96t 
3.86 
3.94 
3.99 
3.95 
3.99t 
4.10 
4.07 
4.12 
4.08 
4.03 
3.92 

1.41 t 
1.40 
1.43 
1.21 
1.19 

± 

± 

Mg.N 
Adsorbed 

0.06 
0.03 

0.14 

0.14 

0.31 

0.10 

0.19 
0.21 
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PROTEINS, DIGESTED PROTEINS, AND CREATININE 

Cerebrospinal fluid, ascitic fluid, and blood serum were the sources of the proteins used. 
Dilutions were made with isotonic saline, and streptomycin was added to all solutions to a 
-<:oncentration of 1 mg. per• milliliter to prevent bacterial growth. When the pH of .the diluted 
serum was reduced to 5.4 and 4.4, a slight precipitate formed which was removed by centri
fuging. The clear supernatant contained 700 to 800 mg. cf protein as measured by the sulfo
salicylic acid turbidity standards. 

Five· hundred milligrams of quartz was shaken with 5 ml. of the protein solution at 37 C. 
The mixture was then centrifuged and washed three times with 5 ml. of isotonic saline; 1 ml. 
of 50% H2SO. containing 1 % selenium dioxide was added to the residue which was heated on 
a microdigestion rack. Carborundum was added to prevent bumping, and the digestion was 

TABLE 3.-Adsorption of Proteins on Quartz 

pH of 
Protein Adsorbed (Mg. N) 

Washing After After After After 
Protein Dilution pH Saline ·24 Hr. 48Hr. 3 Days 7Days 

Control (saline) ··············· 7.3 7.3 0.05 0.05 
Cerebrospinal fluid ........... 1:1.5 7.3 7.3 0.17 0.20 
Ascitic fluid ··················· 1:10 7.3 7.3 0.33 0.26 0.44 
Ascitic fluid ··················· 1:1 7.3 7.3 0.46 0.58 0.50 
Blood serum ·················· 1:10 7.3 7.3 0.36 0.40 0.56 
Blood serum ·················· 1:1 7.3 7.3 0.50 0.69 0.91 

Control (saline) ··············· 7.3 7.3 0.05 
Serum ························· 1:10 7.3 7.3 0.59 
Peptic digest ·················· 1:10 7.3 7.3 0.44 
Tryptic digest ················ 1:10 7.3 7.3 0.50 

Serum ························· 1:10 7.3 7.3 0.51 
Serum ························· 1:10 5.4 7.3 0.60 
Serum ......................... 1:10 5A 5.4 0.63 
Serum ························· 1:10 4.4 7.3 0.74 

Alanine ........................ M/100 7.3 7.3 O.o7 
Alanine ························ M/100 5.2 5.2 0.08 

Creatinine ..................... 0.5mg./ml. 4.5 Nil 
Creatlnine ..................... 0.5mg./ml. 7.2 Nil 
Creatinine ..................... 0.5mg./ml. 9.8 Nil 

carried out very slowly to prevent the contents from spurting out of the tube. Heating was 
continued until the residue became white. This took five to six hours. The residue was then 
shaken with water, centrifuged, and filtered through No. 42 Whatman paper into a 25 ml. 
volumetric flask. After three such washings the volume was finally made to 25 ml. Five 
milliliters of this solution was then mixed with 3 ml. of Nessler's reagent, and the color was 
compared (in a photoelectric colorimeter with a blue light filter) with a standard NH.Cl 
solution containing 0.01 mg. of nitroge~ per milliliter. Blank estimations consisted of 500, mg. 
of quartz and 5 ml. of isotonic saline. 

Samples of serum, diluted 1 : W with water, were digested with pepsin at pH 2.5 and with 
trypsin at pH 9.5 for 16 hours at 37 C. After this time there was no protein in the pepsin 
digest by the sulfosalicylic acid test, but the trypsin digest. showed a considerable quantity of 
unhydrolyzed protein, after both crystalline trypsin and liquid trypsin had been used for 
72 hours. Table 3 gives the experimental results in detail. 

EFFECT ON SILICA SOLUBILITY OF METAL HYDROXIDES AND DYES 

Solubility of Quartz with Adsorbed Materials.-Solutions in an amount of M/10 of some 
metal salts having insoluble hydroxides and aqueous solutions of dyes (2.5 mg./100 ml.) which 
had previously been found to adsorb onto quartz were used. Five milliliters of these solutions 
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plus 5 ml. of glyoxaline buffer (pH 7.4) were shaken for two days at 37 C. with 200 mg. of 
quartz. The mixture was centrifuged, and the supernatant discarded. The silica solubility of 
the resulting "adsorbed quartz" was determined by adding 2 ml. of glyoxaline buffer plus 8 ml. 
of Ringer's solution to the residue and then shaking at 37 C. for one week. Colorimetric silica 
estimations were made on the supernatant liquid. 

The solution for silica determination in the case of quinacrine hydrochloride was colored 
yellow, and in the case of copper sulfate, blue. All other supernatants were colorless. The 
quinacrine hydrochloride was removed by extracting with a mixture of petroleum benzine, iso
propyl alcohol, and isobutyl alcohol (2: 1: 1) from alkaline solution (0.3 N NaOH). Copper 
was removed by precipitating as hydroxide. 

The results are given in Table 4. Rather surprisingly the dyes and the adsorbed metal 
hydroxides (except aluminum) had little effect on the quartz solubility. 

TABLE 4.-Effect of Adsorbed Metal Hydroxide and Dyes 
on Amount of Silica Dissolved from Quartz 

"Silica Solubility" 
Quartz (Mg./100 Ml.) 

Quartz .... .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.4 
Quartz+ A!Ols·6H2O . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . 0.1 
Quartz + Zn Ob . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.1 
Quartz + NiOI.·6H2O .. . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . 3.6 
Quartz+ MgSO•·7H2O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.1 
Quartz + FeO!s·6H2O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.5 
Quartz + Ouso. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.2 
Quartz + neutral red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.7 
Quartz + methyl green . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.4 
Quartz + Nile blue sulfate........................................ 3.6 
Quartz + crystal violet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.4 
Quartz + quinacrine hydrochloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.4 

COMMENT 

The intention in these adsorption experiments was to provide material for 
biological tests. Some previous unpublished work with quinacrine hydrochloride 
had seemed to indicate that the acute biological activity of very finely powdered 
quartz, which resulted in the prompt death of an animal receiving intravenous 
injections, was eliminated or very much lessened when the dye had been adsorbed 
on the surface of the particles. The late Dr. L. U. Gardner also conducted experi
ments which had a similar result (private communication). Some of the "adsorbed" 
samples of quartz were tested for acute biological activity ( discussed in the paper 
by Dale and King in this issue, page 478), btit in only one instance ( quinacrine 
hydrochloride) did the presence of adsorbed matter-dye, amino acid, protein, or 
metal hydroxide-appear to alter the biological response to the dust. We had also 
wondered whether the chronic-silicosis-producing effect of powdered quartz could 
be affected by adsorbed dye, amino acid, or protein, as it is by aluminum and iron 
hydroxides. An experiment with an adsorbed dye,. aurin, has, however, shown no 
difference between the fibrogenic actions of quartz with and without adsorbed dye. 
This negative result and the results of the present experiments in which adsorbed 
material has not altered the "acute" biological effects of silica dusts have made it 
appear unprofitable to continue the adsorption work further. 
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CONCLUSIONS 

1. Only basic histological dyes were adsorbed by powdered quartz. 

2. Alanine and arginine showed a slight adsorption on quartz. Glycine showed 

no adsorption. 

3. Proteins from cerebrospinal fluid, ascitic fluid, and serum have been adsorbed 

on quartz, and maximum adsorption has been shown near the isoelectric point. 

4. Adsorbed dyes had very little effect on the "silica solubility" of quartz. Of 

the metals which form insoluble hydroxides, only aluminum depressed solubility 

markedly. 

Dr. G. Nagelschmidt and Prof. P. D. Ritchie supplied quartz dusts and assisted us with 

helpful advice. The Medical Research Council rendered financial assistance. 



FIELD EQUIPMENT FOR THE COLLECTION AND EVALUATION 
OF TOXIC AND RADIOACTIVE CONTAMINANTS 

W. B. HARRIS 

H. D. LeVINE 
AND 

M. EISENBUD 
NEW YORK 

ACAREFUL analysis of the relative merit of each of the available methods 
has led us to the choice of mechanical filtration as the most satisfactory means 

of sampling air containing microgram quantities of dust and of dry impingement 
for particle size determination. 

This choice has been based on the following considerations : 
1. The wet "impinger" has a variable efficiency of removal of particles below 

approximately 0.8 ,_,,. 

2. The electrostatic precipitator while having a high efficiency for small particles 
has certain inherent electrical faults. 

3. Thermal precipitation, as developed to date, requires extremely low flow rates. 
4. Mechanical filtration, on the other hand, has the advantage of being capable 

of collecting particulates in all size ranges, with a reasonably uniform predictable 
efficiency. A filter medium may be chosen to provide any efficiency for any size 
range, and it presents a satisfactory medium for gravimetric, chemical, or radio
metric evaluation. 

5. The method of dry impingement, as with the cascade impactor, has many 
advantages which will be discussed later. 

The final designs of our sampling and measuring equipment were governed 
primarily by the requirement of making accurate, portable devices capable of 
detecting minute concentrations of air-borne contamination under normal industrial 
conditions. Since this equipment was to be used by a field group based at a remote 
point, reliability, ease of maintenance, and light weight were important considera
tions in the design. 

SAMPLING PUMP 

The air-sampling pump, modified from a commercial paint sprayer, is light 
enough to be carried in the hand, since it weighs only about 6 lb. The compressor
motor unit is produced by the Dumore Company. A muffler (Appendix) added 
to the original pump cuts the noise level when operating in our laboratory from 
110 to 95 db. Air characteristics of the suction device are shown in Figure 1. 

Chief, Industrial Hygiene Branch, Health and Safety Division (Mr. Harris); Chief, Instru
ments Branch, Health and Safety Division (Mr. Le Vine) ; Director, Health and Safety Divi
sion, New York Operations Office, United States Atomic Energy Commission (Mr. Eisenbud). 
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Fig. 1.-Pressure-volume characteristics of low-volume air sampler. 

Fig. 2.-Assembled low-volume air sampler. 
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Figure 2 illustrates a completed assembly. The pump is capable of drawing a full 
cubic foot of air per minute through a 1 in. (2.5 cm.) diameter Whatman paper 
and more than 17 liters per minute through the Casella Cascade Impactor. This 

Fig. 3.-Equipment of 6 volt air sampler. 
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Fig. 4.-Electrical and pressure-volume characteristics of 6 volt air sampler. 

corresponds to an air velocity through the paper of approximately 100 ft. per 
minute. It will also operate the impactor at its design velocity. 

For field sampling, in which instantaneous air-volume readings are desirable, 
a variable orifice meter ( rotameter) is attached directly to the instrument. In our 
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industrial atmospheres, since the loading is relatively low, it has been found that 
the papers are uniform enough so that a negligible flow change is encountered from 
the beginning to the end of the sampling period. 

6 VOLT SAMPLER 

In some cases, it was found necessary to obtain an air .sample at a point remote 
from a permanent source of power. For this, past procedure has been to employ 
a gasoline generator for the source of electricity. There are many obvious dis
advantages to this method of operation. Because of these difficulties, development 
work was started on a 6 volt operated sampler, with characteristics adequate to 
drive the sample collection equipment which we use. This equipment has been 
completed and is shown in Figure 3. Figure 4 shows the electrical and pressure
volume characteristics of this unit. With the use of a standard lead cell storage 
battery, air has been drawn at 17 liters per minute through a cascade impactor 
modified with a filter paper of the fifth stage for four hours without seriously 
depleting the storage battery. 

FILTER HOLDER 

The filter-paper holder, as shown in Figure 5, is a two-piece unit modified from 
a three-piece unit developed by Laskin.1 The total weight of this filter "head" is 
approximately 4 oz. It provides the portability required for taking samples in 
relatively inaccessible locations when hose-connected to a source of suction. The 
clean construction allows simple and rapid disassembly and cleaning and a low 
possibility of contamination. 

FILTER PAPER 

The filter medium which we use almost exclusively is the Whatman No. 41 
paper. This paper has an excellent surface for counting radioactive dust and does 
not cause excessiYe internal absorption. This absorption has been determined to 
be in the neighborhood of 30%.2 The "ashless" quality of the paper makes it also 
particularly suitable for chemical analysis. 

In Figure 6 is shown the rate of increase of resistance of Whatman No. 41 
paper with increasing velocity through the paper. From the curve, it is possible 
to determine the rate of flow which can be achieved by any type of air mover. 

Several attempts have been made to determine the absolute filtration efficiency 
of this paper. Laskin 3 in some recent work has shown that for sodium chloride 
aerosols having a mass median diameter of 0.3 p, the rate of penetration decreased 
with increasing filter velocities. According to these data, the paper has an efficiency 
for this material of 96% at 45 cm. per second ( 14 liters per minute through the 
1 ,½ in. [2.8 cm.] paper) and 98.4% at a velocity of 90 cm. per second ( 1 cu. ft. 
[0.028 cu. m.] per minute). We have attempted to check these efficiencies with 
the use o.f an industrial type of aerosol (Fig. 7) and have not obtained such 
variation with velocity. In these studies, we found an average weight efficiency 
of 98.7, with a minimum value of 97.5 and. a maxim-1m value of 99.3. An interesting 

1. Laskin, S. : Measurement of Particle Size, in V oegtlin, C., and Hodge, H. C., Editors: 
The Pharmacology and Toxicology of Uranium Compounds, New York, McGraw-Hill Book 
Company, 1949. , 

2. Alercio, J., and Harley, J.; The Absorption of Alpha Particles by Filter Paper as It 
Affects the Counting of Air Dust Samples, Nucleonics 10:87, 1952. 

3. Personal communication to the authors. 
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addition to these efficiency data is a group which we obtained while testing for 

pickup of the daughter products of Rn. In these tests, we found penetrations of 

the order of 10 to lSo/o, with particles presumably of molecular size. 

CASCADE IMPACTOR 

When it is believed advisable to discriminate particle sizes, we have !used the 

cascade impactor. This instrument originally described by K. R. May 4 uses the 

principle of dry impaction, carrying a uniform quantity of air through precision 
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Fig. 7.-Typical duplicate impactor curves, demonstrating method of arriving at size distribu
tion plot and mass median diameter. 

Filtration Efficiency of Whatman No. 41 Paper 

% Less MMD 
Stage D/M/Stage % per Stage Than (Cumul) per Stage MMD 

A 1 6,570 81 59.5 8.6 

2 1,125 13.8 rn.1 3.6 

3 230 0.5 2.9 1.9 

4 45 2.9 2.1 1.2 

5 150 1.8 0.9 0.75 7.7 

B 1 6,570 82.3 59.4 8.6 

2 1,260 15.3 10.6 3.6 

3 0 0.0 3.9 1.9 

4 120 1.5 2.2 1.2 

5 no 1.4 0.7 0.75 7.5 

orifices, each smaller than the preceding one. With this device for impinging 

successively higher velocities against a plate, reasonable size separation is possible, 

although the instrument tends to favor the smaller encl of the spectrum. This 

instrument, which was modified by Laskin/ is shown in Figure 8. Figure 7 shows 

a typical impactor curve, demonstrating the method of arri_ving at size distribution 

plot and mass median diameter. A slight modification of our standard filter holder 

permits us to add a .fifth stage very simply. 

4. May, K. R.: The Cascade Impactor: An Instrument for Sampling Coarse Aerosols, 

J. Scient. Instr. 22: 187, 1945 .. 
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Another relatively minor change which we have introduced in the cascade 
impactor is a modification of the sample slide. The instrument is normally supplied 
with a standard microscope slide 1 in. wide and about 2_½ in. ( 6.2 cm.) long. 
It is impossible for us to evaluate these slides in our counting equipment, and 

Fig. 8.-Assembled modified cascade impactor. 

Fil te.r Resistance ( l.nc'ies of mercury) 

Fig. 9.-Pressure-volume characteristics of high-volume air sampler. 

chemical analysis takes more time than we are willing to spend. We have therefore 
made slides from ;,5{ 6 in. acrylic strip 0.020 in. thick. The shape of these slides 
is such as to permit their insertion in a 1 _½ in. ( 3.7 cm.) diameter holder and at the 
same time into the 1 in. wide cascade impactor slide. 
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HIGH-VOLUME AIR SAMPLER 

The high-volume air sampler was developed in our laboratory from a turbine

type blower manufactured by the Electrolux Company. The idea was not original 

with us. 5 Figure 9 shows the pressure-volume characteristics. This design uses a 

4 in. (10 cm.) diameter filter paper. 

Fig. 10.-Parts of high-volume air sampler. 

7 

l ______ --
Fig. 11.-Aerotec sampler assembly. 

The Whatman No. 41 paper allows an air flow of up to 20 cu. ft. (0.566 cu.m.) 

per minute. At this rate, the pump may be operated for approximately one hour 

without significantly overheating. Figure 10, which shows an exploded view, gives 

a good idea of the simplicity of the unit. It weighs less than 10 lb. when ready 

for use. 

5. Silverman, L., and Viles, F. J., Jr.: A High Volume Air Sampling and Filter Weighing 

Method for Certain Aerosols, J. Indust. Hyg. & Toxicol. 30: 124, 1948. 
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We also use a pleated cellulose paper which permits delivery of up to 70 cu. ft. 
( 1.981 cu. m.) of air per minute, with a resistance of 1 in. of mercury. This filter 
is used only when very long samples are required at very low dust loadings. A 
normal sample period is 72 hours; it may represent a concentration of as low as 
10-s mg./m. 3 of the material of interest. 

The pump unit is designed for a 24-hour sampling, and we have operated a 
number of such units continuously for periods as long as 60 days. The manufacturer 
claims the unit to have an average life of approximately 2,500 hours continuous 
duty, provided that a minimum flow of 30 cu. ft. (0.849 cu. m.) of air per minute 
is maintained to cool the motor . 

• 
Fig. 12.-Filter paper meter for detecting beta radiation in dust sample. 

AEROTEC 

vVhen it appears advisable to obtain a particle size separation of material 
collected by the high-volume sampler, a small-diameter, high-efficiency cyclone has 
been used. A single aerotec tube is placed in front of the filter normally used with 
the high-volume sampler, and this has been found to collect almost all particles 
larger than 10 p., with some 75% by weight of the particles being smaller than 10 p.. 
This equipment will operate at approximately 40 c.f.rn. which is the design rating 
for the aerotec tube. Figure 11 shows the aerotec high-volume sampler assembly. 

BETA FILTER PAPER METER 

In performing a dust study, it is frequently of great value to be able to check 
at least roughly the quantities being obtained at any time. Fortunately, this is 
possible when the dust is radioactive. In order to aid in this type of evaluation, 
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we have developed an instrument which is a modification oi a standard Geiger 

Counter survey meter, using a flat, end-window, halogen-filled tube as the radiation 

detector. This instrument is shown in Figure 12. 1Nherever beta or gamma radia

tion is present in the dust sample, a spot check of concentration can be made merely 

by holding the tube against the paper. It is necessary, of course, either to wait until 

radon daughter products have decayed or to obta_in a blank sample representative of 

the radon daughter background for subtraction from1 the measurement. The result

ing analysis gives a reasonably accurate check of beta particles between the values of 

1,000 and 100,000 counts per minute. 

'. 
' 

l 
Fig. 13.-Radon integrating chamber and analyzer. 

RADON _SAMPLER 

A specialized type of air sampling in which some laboratories are involved 

requires the obtaining of air samples for the measurement of radon gas in the 

atmosphere. As those who have done this type of work know, analysis of radon 

concentrations is tedious and time consuming. Among the reasons for this are 

the limited capacity of radon analytical laboratorie, and the long time inherent in 

the evaluation of the samples. Another basic fault, which has probably been felt 

by every industrial hygienist faced with this problem, has been the inability to 

obtain a sample which integrates the exposure over a length of time. The New 

York Operations Office of the United States Atomic Energy Commission has 

developed equipment which we believe has reduced these inherent difficulties to a 
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minimum. The equipment which is depicted in Figure 13 shows a stainless steel 
ionization chamber into which an air sample may be drawn. This air sample may 
be taken as a grab sample, or it may be taken over a length of time lasting up to a 
number of hours. 

The entire unit is vacuum tight and can be easily drawn down to lower than 
28 in. (71 cm.) of vacuum. The grab sample may be taken through the evacuating 
valve. When a long-term sample is desired, the rate of flow is controlled by a 
calibrated leak installed in the top of the unit. This leak assembly consists of the 
primary vacuum seal, followed by a fritted glass filter unit and then a small piece 
of barometric capillary tubing with an orifice less than 10 p, in diameter. These 

" ' ',, 

10 

' ' ' ' ', 
' ' 

0<--_____ .,__ _____ ....._ _____ _,__ 

0 l20 24o 
ELAPSED TIIIB (IWl1lTES) 

Fig. 14.-Pressure-time curve plotted for typical orifice flow of radon sampler. 

tubes have been calibrated to permit the flow of air which will fill the tube to 
one-half pressure in the designated time. The flow over this period is shown in 
Figure 14, which plots absolute pressure against time. 

After the sample has been permitted to decay for two hours, it can then be 
attached directly to the vibrating reed elecfrometer shown in Figure 12. This 
electrometer can be calibrated to read directly i_n micromicrocuries per liter. Once 
decayed, the analysis of the sample takes less than five minutes and can be performed 
at any location having a source of power. 
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APPENDIX 

MUFFLER DESIGN 5a 

1. lntroduction.-The usefulness of the low-volume sampler has been limited by an irritating 
audible "whine." Noise is produced in the unit by the bllowing means: (1) windage and 
commutator friction in the motor; (2) vibration due to mechanical and electromagnetic stresses, 
and (3) pulsating air stream from the pump. The pump is a vane type, and as such the output 
air stream consists of a large number of impulses as determined by the number of vanes and 
revolutions per minute. The fundamental frequency of t:1e pulsations is approximately 495 
impulses per second. Thus, an acoustical muffier on the outlet connection should reduce this sound 
to a low level. This was done with a subsequent decrease in noise from 39 to 23 db. above room 
sound level. The remaining noise is produced by the commt:.tator and bearings of the motor and 
consists mainly of low-frequency components. This was not found to be objectionable. 

2. Design.-Measurement of the energy distribution of the noise shows that most of the energy 
is in the frequency region above 350 cps. This information was acquired through use of a General 
Radio Company Sound Level Meter, Model 759-B, whose output was fed into a Panoramic Radio 
Corporation Sonic Analyzer, Model AP-1. 

Analysis of the above data indicated that an ideal filter which would cut off all sound above 
350 cps would be adequate. Since an ideal filter with an :nfinitely sharp cut-off characteristic 
is not feasible, a filter which would have a nominal cut-off somewhat below 350 cps was designed 
on the basis of trial and error. 

The design equation for the type of filter selected for this unit is 6 : 

where 

thus 

5olving 

Va [ Sl J ½ 
[co=- -

rr h V 

/co = cut-off frequency 

va = velocity of sound in air, ft./ sec. 

s,_ = area of small tube, sq. ft. 

h = length of shortest tube, ft. 

V == volume of chamber in large c~1linder, cu. ft. 

Va = 1129 ft./sec. 

s1 = 1/144 X rrd2/4 = rr/144 X 4 X (0.125) 2 = 8.5 X 10-5 sq. ft . . 
h 1/12 X 2.5 = 2.08 X 10-1 ft. 

V 1/1728 X rrr21 = rr/1728 (0.498) 2 = 5.85 X 10-• cu. ft. 

si!h V := 0.700 

and 

fco := 1129/rr X (0.700) ½ = 300 cps 

The muffier as constructed from the above calculations is shown in Figure 15. 

3. Test Results.-The General Radio Company Sound Level Meter, Type 759-B, has provision 
for various weighing levels so that the noise estimate may ai;proximate the response of the human 
ear. Since the background noise at the test location was high enough to cause the response of 
the human ear to be essentially independent of frequency, the sound level rrieter was operated 
at the flat weighting curve.7 All readings were taken close to the unit, since in field use the 
air-sampling unit is quite often used to obtain breathing-zone samples. 

Sa. R. T. Graveson, Electronics Engineer, Instruments Laboratory, NYOO. 
6. M. Hirschorn: Design of an Equipment Silencer, Chem. Eng:n. 56:94, 1949. 
7. American Tentative Standards for Sound-Level Meters for the Measurement of Noise 

and Other Sounds, Bulletin Z24.3, New York, American Standards Association, 1944. 
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The background noise at this laboratory was 72 db., which corresponds to an acoustical pres
sure of 0.8 dynes per square centimeter when O db. reference level is set at 10-16 watts per square 
centimeter. The sound level of the air-sampling unit alone is 110 db. (70 dynes/cm. 2), which is 
38 db. above background, and the same unit at the same rate of air flow ( 1 _ c.f.m.) with the 

Fig. 15.-Diagram of muffler showing following items: (1) assembly, (2) outlet tubing, (3) 
cylinder, ( 4) inlet tubing assembly, (5) end cap, (6) baffle plate, (7) copper tubing, %6 in. OD, 
0.035 in. wall, 2¾ in. long. Items 5 and 6 which are force fitted into cylinder tubings 2, 4, and 7 
are aluminum soldered. 

muffler is 95 db. (12 dynes/cm. 2), which is 23 db. above background. Thus, the acoustical 
pressure without the muffler is 88 times background and with the muffler is 15 times background. 

The muffler heavily attenuates the high frequency "whine" of the pump without reducing the 
air flow through the filter paper. The remaining noise is not in the air stream but comes from 
the casing of the motor and as such cannot be muffled. It is not an objectionable sound, since 
it consists mainly of low-frequency components. 
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CONCERN regarding the toxicity of beryllium and its compounds has become 

quite marked in recent years.1 The presence of beryllium in the lung tissue 

of victims of diagnostic bery lliosis has been established. 2 However, the normal 

distribution of beryllium in human tissue has not been carefully investigated. 

Therefore the clinical significance of the discovery of beryllium in the tissues of 

berylliotic victims must await the determination of its absence or presence in the 

tissues of the general population. 
A spectrochemical procedure which yields a sensitivity of 5 X 10--10 gm. for 

beryllium and which accomodates large original samples to achieve high relative 

sensitivity of detection has been developed to provide analytical service on this 

problem. The method calls for the excitation in a controlled atmosphere D. C. arc 

of the beryllium separated from the original tissue. An internal standard is 

employed to permit calculation of results; 

SAMPLING 

One of the most indefinite points in analytical procedures for the determination 

of metallic constituents in biological material is the reproducible dimensioning of 

a sample to allow the calculation of per cent content on a valid basis. The mere 

weighing of fresh or frozen tissue does not cons:itute adequate dimensioning. The 

fluid content of the pathological tissue varies with the moment of death and the 

autopsy technique employed. Subsequent handling and/or storage of the sample 

also may affect the fluid content. In consideration of these points an attempt has 

been made to process biological material in a manner resulting in a competently 

dimensioned sample. 

This paper was presented in part at the Pittsburgh Conference of Analytical Chemistry and 

Applied Spectroscopy, March 6, 1952. It is based on work completed while Mr. Ellenburg and 

Mr. Owen were employed by the NEPA (Nuclear Energy for the Propulsion of Aircraft) 

Project. This project is now the ANP (Aircraft Nuclear Propulsion) Operation of the General 

Electric Co., Lockland, Ohio. Mr. Owen is still associated with the ANP Operation. Mr. Ellen

burg is now Associate Chemist (Senior) with the Oak Ridge National Laboratory. 

1. Hardy, H. L.: Beryllium Poisoning, Unclassified Document AEC, 569, (Rev.), United 

States Atomic Energy Commission, Technical Information Bureau, Oak Ridge, Tenn., 1943. 

2. Dutra, F. R.: Pneumonitis and Granulomatosis Peculiar to Beryllium Workers, Am. J. 
Path. 24: 1137, 1948. 
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A first approximation solution to this problem would have been the desiccation 
of an intact portion of tissue. This drying would necessarily have been to constant 
weight to insure validity. Unfortunately this process proved to be time consuming. 
To the left in Figure 1 a piece of liver is shown which was dried at 55 C. under 
a vacuum of 28 in. of mercury for three days without coming to constant weight. 
Furthermore, such a sample did not lend itself to rapid solutioning. 

Another approach would have been the use of the Abderhalden technique to dry 
the tissue. This method is excellent for tissues of low-moisture content, such as 
striated muscle. Since the specific samples to be analyzed were high-moisture
content lung and liver sections, it became difficult to dry them to constant weight 
with this method. 

L 

Fig. 1.-Comparative liver samples. 

A new method was developed which provided a dried sample of reproducible dimensions. 
The technique required the comminution of the tissue in a Waring B!endor in the presence of 
ethyl alcohol which served to absorb the tissue fluids. A ratio of about 5 gm. of tissue to 20 ml. 
of alcohol was used. The resulting slurry was filtered through Whatman No. 4 paper. The 
alcoholic filtrate contained the lipids and fats from the biological material as well as the water 
present in the tissue. Evaporation of the filtrate and recombination of the residue with the main 
portion of the solids resulted in a tissue sample with only its variable water content removed. 
The solids were dried in a vacuum oven at 55 C. and 28 in. of mercury to remove the last traces. 
of alcohol. The final product was an easily handled dried powder of constant weight. 

The material in the center of Figure 1 is the product of this procedure from a fresh sample· 
of the size shown. This is also comparable in original size with the straight desiccated sample. 
The processed tissue was put into solution with sulfuric and nitric acids at a much greater rate· 
than that usually associated with tissue decomposition procedures, as foaming was virtually· 
eliminated. It was possible to lower the limit of detectability of trace elements in biological 
tissues, as the absolute amount of sample that could be conveniently analyzed was increased. 
The method had the additional advantage that the processed sample could be stored at room: 
temperature without decomposition. 
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EXPERIMENTAL PROCEDURE 

Five grams of the processed sample obtained by the method outlined was wet-ashed with 

10 ml. of a mixture of 30% concentrated sulfuric ac:d and 70% concentrated nitric acid by volume. 

Additional increments of concentrated nitric acid were added until continued heating produced 

no further charring. The solution was evaporated nearly to dryness to eliminate the excess 

nitric and sulfuric acids. The sulfate residue was dissolved in 10 ml. of 6.2 N hydrochloric acid. 

A diethyl ether extraction was employed to remove the iron which otherwise would have been 

precipitated with the beryllium.3 As the tissues do not have a reproducible iron content, its 

presence would have represented an uncontrolled variable. The extracted solution was neutral

ized with ammonia gas after the volume was adjmted to 100 ml. with water. Ammonium acetate 

was used as a buffer to maintain a pH of 6.2. 

Fig. 2.-Controlled a:mosphere excitation. 

Two and one-half milligrams of germanium ion in solution was added to the tissue solution 

as a co-precipitating carrier to sweep down any beryllium present. Germanium and beryllium 

were precipitated as the hydroxide-tannin complex by the addition of excess tannic acid in 2 N 

ammonium acetate.4 The principal tissue salts, calcium, magnesium, potassium, and sodium, 

were not precipitated by this procedure; tl:us, the beryllium was removed from its original matrix. 

The precipitate was ashed and ignited to germa:iium dioxide and beryllium oxide at 600 C. 

The use of a co-precipitant was deemed advisable because of the minute quantities of beryllium 

which it was desired to handle. Germani:nn was selected by virtue of its superior spectroscopic 

characteristics from a list of chemically suitable elements. Examinations of the arced spectra of 

the various oxides considered showed germanium dioxide to have the least molecular spectra 

in the wavelength region needed for the beryllium spectra. 

The germanium dioxide-beryllium oxide ash was thoroughly mixed with 4 parts of powdered 

graphite; 0.0005 mg. of molybdenum trioxide was added as an internal standard. This mix was 

3. Swift, E. H.: New Method for the Separation of Gallium from other Elements, J. Am. 

Chem. Soc. 46:2375, 1924. 

4. Nichols, M. L., and Schempf, J. M.: Separation and Determination of Aluminum and 

Beryllium Using Tannin, Indust. & Engin. Chem., Anal. Ed. 11: 278, 1939. 
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packed into Strock-type cratered electrodes.5 They were arced to completion in a controlled 
atmosphere of 80% helium and 20% oxygen by volume (Fig. 2). The special atmosphere was 
attained with a simple quartz chamber.6 The gap was monitored at 2.5 mm. with a D. C. arc 
current density of 0.7 amp./mm.2, with the sample in the anode electrode. No attenuation of the 
light beam was employed. 

The helium to oxygen ratio was selected on the basis of previous work. 7 Portions of the 
precipitate from lung tissue known to contain beryllium were arced by the established pro
cedure in room atmosphere and in controlled atmosphere. These experiments were to determine 
the advantages, if any, of using the helium and oxygen mixture. Mechanical sectoring was 

TABLE !.-Comparison, of Signal to Noise Ratio,s in Room and Special Atmospheres for 
Beryllium 3131.1 A. 

Relative 
Relative Intensity 

Intensity Line+ 
Atmosphere Sector Background Background 

Room .............................. 25° 2.66 4.55 
Room ······························ 45° 6.25 11.6 
Room ······························ 90• 13.7 23.6 
80% He + 20% 02 ................. None 4.15 11.2 
80% He+ 20% 02 ................. None 7.05 20.0 

• S/N is defined as relative intensity line - relative intensity background 
relative intensity background 

Relative 
Intensity 
Line-

Background 
1.89 
5.35 
9.90 
7.05 

12.95 

TABLE 2.-0ver-All Recovery for Chemical aq1d Spectrographic Procedures 

Be Found 
Be Present in "Spiked Liver," 'Y by Analysis, 'Y 

0.008 ................ ,.............................. 0.0077 
0.0080 
0.0079 

0.010 .......................................... ,.... 0.0095 
0.010 
0.0098 

0.013.. ... .. . . . .. .. . .. . . . ... . . .. . . . . . . . .. . . . .. . .. . .. 0.0127 
0.0124 
0.0128 

0.015............................................... 0.0149 
0.0149 
0.0147 

0.018............................................... 0.0175 
0.0178 
0.0180 

* Standard deviation is defined as 

✓~ (n-1) 

Standard 
Deviation* 

0.00022 

0.00031 

0.00049 

0.00021 

0.00031 

S/N* 
0.71 
0.80 
0.70 
1.70 
1.74 

where d = deviation of micrograms of Be found from total micrograms of Be present originally In the sample; n = number of determinations. 

employed to attenuate the light sufficiently to produce a film of comparable density to that of 
the samples arced in the controlled atmosphere. Table 1 shows a real improvement in the signal 
to noise ratio for beryllium 31Jl.1 A. The limit of sensitivity of the method has been effectively 
lowered by the use of the special atmosphere. 

5. Strock, L. W.: Spectrum Analysis with the Carbon Arc Cathode Layer (Glimmschicht): 
A Method Developed by B. M. Goldschmidt, R. Mannkopf, and Their Co-Workers at Gottingen 
and Applicable to Nonconducting Solids and Powders, London, Adam Hilger, Ltd., 1936. 

6. Owen, L. E.: Controlled Atmosphere Excitation, J. Optic. Soc. America 41: 139, 1951. 
7. Ellenburg, J. Y., and Owen, L. E.: Special Atmosphere Excitation in Generalized 

Semiquantitative Analysis, Anal. Chem. 23: 1512, 1951. 
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STANDARDS AND CALCULATIONS 

Known amounts of berylJium in a. synthetic biological matrix 8 were carried through the 
procedure to permit the preparation of analytical curves. The curves related the total concentra
tion of berylJium 3131.1 A. to molybdenum 3,132.6 A. The intensity ratios were determined 
densitometrically, with partial background correcLon by the method of Nachtrieb. 9 

The addition method 10 was employed to permit the calculation of the standard deviation for 
the over-all recovery for the chemical and spectrographic procedures. Successive additions of 
increments of beryllium were made to a liver sample known to contain 0.003 'Y of beryllium per 
5 gm. of processed tissue. These "spiked" samp'.es then were analyzed by the proposed pro
cedure. The standard deviation was calculated upon the basis of the total micrograms of beryllium 
present in the "spiked" samples (Table 2). 

COMMENT 

Actual beryllium concentrations in the tissues from the general population 
survey ranged from less than 0.005 to 0.095 y of beryllium per 5 gm. of processed 
tissue. The method has the advantages of representative dimensioning of the sample 
and a spectral sensitivity limit of 5 X 10-10 gm. for beryllium as the result of using 
a controlled atmosphere D. C. arc. The procedure provides excellent relative con
centrational limits, as a very large sample can be handled without increasing the 
size of the spectrographic sample. 

SUMMARY 

A procedure for the determin~tion of the beryllium content of biological tissue 
is presented. The method calls for the co:nminution of the tissue in the presence 
of alcohol in a Waring Blendor, followed by filtration and drying of the solids. 
The beryllium separated from the tissue is D. C. arced in a controlled atmosphere 
of 80% helium and 20% oxygen by volume. The special atmosphere excitation 
results in a sensitivity of 5 X 10-10 gm. fer beryllium. 

8. Everett, M. R.: Medical Biochemistry, Ed. 2, New York, Paul B. Roeber, Inc., 1946. 
9. Nachtrieb, N. H.: Principles and Practice of Spectrochemical Analysis, New York, 

McGraw-Hill Book Company, Inc., 1950. 
10. Duffendack, 0. S., and Wolfe, R. A.: Analysis of Caustic Liquors for Traces of Impuri

ties, Indust. & Engin. Chem., Anal. Ed. 10: 161, 1930. 
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IN THE COURSE of the operations of mining and processing uranium ore, a 
considerable hazard is present for the participating personnel due to the presence 

in the atmosphere of radon and its decay products.1 A similar hazard due to high 
air concentrations of radon has been shown to exist in submarines 2 because of the 
rather extensive use of radium-painted dials and markers. The inhalation of radon 
gas and its products has for some time been associated with the high incidence of 
lung carcinoma among miners of the Jachymov mines of Bohemia 3 and the Schnee
berg mines of Saxony. With increased and intensified uranium-mining operations 
now in progress, the evaluation of the radiation hazard to personnel from radon 
inhalation in these operations has become of proportionately greater significance. 

It has been recommended by Evans and Goodman 4 that the maximum per
missible radon concentration be set at 1 X 10-11 curies per liter of air in areas 
where a person may work no more than 40 hours a week. This value was based 
on knowledge of the average radon concentration reported in the above mines,5 and 
on other factors as well. 4 

As is shown by the radon decay scheme 
(99.96%) 

(3-y RaC' a 
a / 1.5 X 10-4S ",. 

Rn - RaA - RaB - RaC RaD 
3.8d 3.05m 26.8m 19.7m ',. RaC" 

(0.04%) 
/ 22y 

From the United States Naval Radiological Defense Laboratory, Biological and Medical 
Sciences Division and Chemical Technology Division. 

The opinions or assertions herein are the private ones of the authors and are not to be 
construed as official or reflecting the view of the Navy Department or the Naval service at large. 

1. Holaday, D. A.; David, W. D., and Doyle, H. N.: Interim Report of a Health Study of 
the Uranium Mine and Mills, Federal Security Agency, U. S. Public Health Service, Division 
of Occupational Health, and the Colorado State Department of Public Health, May 1952. 

2. Skow, R. K.; Owings, A. F.; Johns, S. R., and Bistline, W. L.: Radon Exposure in 
Submarines, Unpublished Report, U. S. Naval Radiological Defense Laboratory. 

3. Peller, S.: Lung Cancer Among Mine Workers in Joachimsthal, Human Biol. 11: 130-
143, 1939. Pirchan, A., and Sikl, H.: Cancer of the Lung in Miners of Ja.chymov (Joachims
thal): Report of Cases Observed in 1929-1930, Am. J. Cancer 16:681-722, 1932. 

4. Evans, R. D., and Goodman, C.: Determination of the Thoran Content of Air and Its 
Bearing on Lung Cancer Hazards in Industry, J. Indust. Hyg. & Toxicol. 22:89-99, 194-0. 

5. Ludewig, P., and Lorenz, E.: Untersuchung der Grubenluft in den Schneeberger Gruben 
au£ den Gehalt an Radiumemanation, Ztschr. Physiol. 22: 178, 1924. 
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an atmosphere in which radon gas is present for any length of time will contain 
appreciable quantities of daughter products. The hazard associated with the inha
lation of the daughter products present in the atmosphere of the mines is derived 
from the fact that the daughter products remain suspended in the air for a length 
of time and are deposited almost quantitatively on the normal dust particles in 
the air. The dust particles with the attached disintegration products may then be 
inhaled into the respiratory system, where they are filtered out by the lung tissue 
and retained at a high concentration. Bale 6 and Harley 7 have pointed out that 
previous evaluations of the radiation dose received by the respiratory tract when 
radon gas is inhaled do not take into account the dose from the inhalation of 
disintegration products in the atmosphere in equilibrium with the radon. Reviews 
of the literature by Jackson 8 and Lorenz 9 discuss only the radon hazard and do 
not include that of its daughter products. 

The object of the present study is to obtain by means of controlled animal 
studies a comparison between the radiation delivered to the respiratory system 
after the inhalation of radon plus its degradation products and the radiation 
delivered after the inhalation of the same atmosphere containing radon but with 
the decay products filtered. In addition, an effort was made to determine the 
differential distribution of activity in various portions of the respiratory tract 
following radon inhalation. Such an analysis may be very useful, as knowledge of 
the nature of the hazard to personnel from the inhalation of radon gas will form 
the basis for the improvement of methods for analyzing the hazard and for reducing 
or eliminating it in existing installations. 

EXPERIMENTAL PROCEDURES 

1. A radon atmosphere was obtained in an air-tight room (2,000 cu. ft.), with provision for 
maintaining known concentrations of radon gas and its decay products and means for quanti
tative sampling of the gaseous and particulate contents. In this experiment radium was placed 
in the room and was allowed to build up to an equilibrium condition with its daughter radon 
by standing for a period of 30 days. 

2. An especially constructed brass inhalation chamber designed to hold eight rats was con
nected with the above room. The air was drawn from the air-tight room through the inhalation 
chamber and was returned to the room by means of a vacuum pump (Fig. 1). The inhalation 
chamber was made air-tight by the use of carefully machined parts and gaskets. 

3. The inhalation chamber itself (Fig. 2) consisted of four ports on each of two sides of a 
rectangular brass box. To each of the eight ports a brass cylinder containing an animal might 
be attached. The animals were held in position in the cylinder by means of a retaining collar 
around their necks, but this collar was so arranged that respiration was not interfered with. 
An outer cylinder with a small opening fitted tightly over the retaining collar. This permitted 
only the nose of the animal to protrude through the small opening into the rectangular area. 

4. Two sampling lines permitted withdrawal of a portion of the gas from either end of the 
inhalation chamber. This gas was pumped into a vibrating reed electrometer for determination 
of the radon concentration in the chamber. The concentration of the radon degradation products 

6. Bale, W. F.: Hazards Associated with Radon and Thoron, Memorandum, U. S. Atomic 
Energy Commission Project, University of Rochester, 1951. 

7. Harley, J. H.: A Study of Airborne Daughter Products of Radon and Thoron, Thesis, 
Rensselaer Polytechnic Institute, 1952. 

8. Jackson, M. L. : The Biological Effects of Inhaled Radon, Thesis, Massachusetts Institute 
of Technology, 194-0. 

9. Lorenz, E.: Radioactivity and Lung Cancer: Critical Review of Lung Cancer in Mines 
of Schneeberg and Joachimsthal, J. Nat. Cancer Inst. 5:1-15, 1944. 
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to which the animals were exposed in the inhalation chamber was determined by a filter-paper 
sampling device placed in series in the line of air drawn through the inhalation chamber. The 
flow rate, humidity, and pressure in the inhalation chamber were kept constant throughout all 
the tests. 

Fig. 1.-Inhalation chamber connected with air-tight radon room. 

Fig. 2.-Method of collaring and inserting animal in inhalation chamber. 

5. Since the state of the air-borne daughter products was not known exactly, it was first 
necessary to evaluate the collection efficiency of the filtration in the apparatus and the degree 
to which radon-daughter equilibrium obtained in the radon atmosphere. 

The degree to which radon-daughter equilibrium existed in the air sampled was determined 
by drawing the air through filter paper and determining the build-up of the activity of the 
daughter products on it. This activity can then be compared with the theoretical values calcu
lated from the known concentration of radon in the air. 
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6. The first group of six rats (Sprague-Dawley adult females) in the chamber was allowed 

to inhale the air containing radon (3.5 X 10-s curies/liter) and its daughters. This air was 

drawn through the inhalation chamber at 1 cu. ft. (0.0283 cu. m.) per minute. The second 

group of animals in the same chamber were allowed to inhale only the radon in the above 

atmosphere. This latter condition was accomplished by placing a glass-fiber filter over the air 

111let of the chamber. This filter was checked against molecular filters and was found to remove 

almost 100% of the dust particles from the incoming air and consequently all of the radon

daughter products attached to them. 
Three of the animals were killed immediately after the three-hour exposure, and the 

respiratory tract (from the larynx down) was rapidly removed. The respiratory tract was then 

placed in a test tube, and the gamma activity was counted in a scintillation counter adapted to 

hold the test tube. 
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Fig. 3.-Gamma activity in the respiratory system of rats following inhalation of a radon
daughter atmosphere. 

7. In a further experiment the differential distribution of the gamma activity in the respira

tory tract of four animals was determined. Two rats were exposed to the radon and two to 

the radon-daughter atmosphere. The animals were killed at the end of three hours, the trachea 

was severed at the pharynx, and the respiratory tract was removed and divided into the 

following fractions: (1) trachea plus large bronchi (down to the second bifurcation); (2) nasal 

passages, and (3) remainder of the lungs. 

RESULTS 

When air-borne dust containing radon daughters was collected by drawing air 

through a filter-paper collector, the activity on the filter paper was found to increase 

to a sampling equilibrium value in three hours. Sampling equilibrium is the point 
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at which the rate of deposition of the daughters on filter-paper collectors or in the 
lungs is equal to the rate of decay of their activity. When sampling was discon
tinued, the gamma activity was found to decay rapidly and to maintain an effective 
half-life of 31 minutes for about two hours after a short initial nonlinear period. 
This same decay rate was also obtained by Harley 7 by measurement of air-borne 
radon-daughter activity collected on filter-paper samples. It was found that sampling 
equilibrium was reached both in the rat lung and on the filter paper by three hours. 
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Fig. 4.-Differential distribution of gamma activity in the respiratory system of rats following 
inhalation of a radon-daughter atmosphere. 

The decay of gamma activity in the respiratory system of animals exposed for 
three hours in the inhalation chamber to an atmosphere containing 3.5 X 10-s curies 
per liter of radon and its daughters is shown in Figure 3. If the decay rate of 
the tissue sample is measured after the initial nonlinear period and extrapolated 
back to the end of the inhalation period, an approximation of the value for the 
maximum gamma activity in the respiratory tract ( at sampling equilibrium) will 
be obtained. This extrapolated value, the activity in the respiratory tract at the 
time when the animals were removed from the inhalation chamber, is equal to 
64,000 gamma counts per minute ( c./min.) ± 6%. In the same chart it can be 
seen that the gamma activity of the respiratory system of animals exposed to the 
atmosphere of radon is 510 c./min. at the end of inhalation. The filter paper here 
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effectively removed 100% of the dust particles and consequently the attached 
radon-daughter products from the incoming air. The· gamma activity measured in 
the animals which inhaled the radon atmosphere ( with the filter over the air inlet) 
is presumably then from the decay products of the radon in the inhalation chamber 
and in the respiratory system of the animal. It will be noted that the half-life of 
the gamma activity as measured in the lung tissue and ori the filter-paper samples 
varied from 30 to 34 minutes, which indicates that presumably the same decay 
products were being measured in the lung and on the filter-paper collection samples. 
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Fig. 5.-Differential distribution of gamma activity in the respiratory system of rats following 
inhalation of radon. 

The differential distribution of the gamma activity in the group of animals 
exposed to the radon-daughter atmosphere is presented in Figure 4. It can be seen 
that if the curves are extrapolated back to sampling equilibrium ( three hours after 
the animals were placed in the inhalation chamber) the lungs contain 56,000 
c./min.; the nasal area, 9,200 c./min., and the trachea plus large bronchi, 660 
c./min. The gamma activity at this time in the various sections of the respiratory 
system ( Fig. S) of the animals exposed to an atmosphere of radon only ( with the 
filter over the air inlet of the chamber) is distributed as follows : The lungs contain 
470 c,/min. ; the nasal area, 320 c./min., and the trachea plus bronchi, 90 c.jmin. 
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COMMENT 

It was found that gamma activity in the respiratory tract of animals inhaling 
the radon-daughter mixture is approximately 125 times greater than that in animals 
inhaling radon alone. The gamma activity in the respiratory tract which was con
tributed by the RaB and RaC formed from the radon decaying in the lungs was 
found to be only 0.8% of the gamma activity derived from these same daughter 
products in the situation in which they were inhaled from the outside atmosphere. 

In addition to the ratio of gamma activity present in the two cases, the ratio of 
alpha activity is equally important. The radiation hazard to the lung tissue is 
usually attributed to the alpha radiation. Owing to the relatively short half-life of 
radon and its daughter products, it is not possible to measure the daughter activity 
in the lung tissue by means of the time-consuming alpha-or beta-counting methods. 
While it is possible to calculate the alpha activity associated with the measured 
gamma activity in the lung at equilibrium,1° no attempt was made to do so in this 
experiment. It can be seen from the decay scheme, however, that associated with 
the increased gamma activity (RaB and RaC) in the respiratory tract following 
radon-daughter inhalation there is also an increased alpha activity emitted primarily 
by another radon daughter, RaC'. From the ratio of the daughter activity in the 
lungs as measured by gamma emissions, it can be concluded that the total dose to 
the lungs of animals inhaling the radon-daughter atmosphere is far greater than 
that obtained by the animals inhaling only radon. 

An idea of the radiation hazard to man from the build-up of radon disintegration 
products following inhalation of radon may be obtained from a theoretical calcula
tion. It has been calculated 6 that a man breathing 1,200 liters per hour of air 
containing the tolerance dose for radon ( 1 X 10-11 curies/liter) for one hour would 
obtain a radiation dose from the alpha emitter, RaC', alone some 76 times greater 
in terms of energy liberated in the lungs than that calculated on the basis of a 
simple equilibrium of radon with its daughter products in the lungs. In this 
calculation the radon-daughter product, RaC', is assumed to remain suspended in 
the air at a level of 50% of equilibrium, and 80% of this activity is assumed to 
be retained by the respiratory system until radioactive decay of RaC' has occurred. 
Also, in the computation of the lung dose RaC' is treated as though it were a 
direct daughter of radon, with a half-life of 45 minutes. 

An approximation of the differential amount of radiation delivered to the various 
parts of the respiratory tract can be derived from the measured gamma activity 
of the various portions of the tract studied. It can be seen that the trachea and. 
large bronchi of the rats exposed to the radon-daughter atmosphere contained at 
the time of killing less than 1 % of the total gamma activity (RaC and RaB). In
the same animals the nasal area contained 14%, and the remainder of the lung· 
contained 85% of the total gamma activity. This distribution is apparently a 
function of the size of the dust particles upon which the daughters are deposited. 
The ordinary "nuisance" dust particles present in the air-tight radon room were· 
presumably between 0.1 and 0.2 p. in diameter. 

The differential distribution of activity in the lungs of animals exposed under 
the same conditions as above to the radon alone show that the distribution of gamma 

10. Rutherford, E.; Chadwick, J., and Ellis, C. D.: Radiations from Radioactive Substances,. 
New York, The Macmillan Company, 1930. 
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activity is as follows : The trachea plus large bronchi contain about 10% ; the nasal 
area, 36%, and the remainder of the lung, 53%. The number of counts here was 
quite small and so close to the background (250 c./min.) that the statistical 
significance is doubtful. These data from the relative gamma activity indicate that 
the trachea and large bronchi receive a small amount of the total gamma activity. 
The amount of activity appearing in the nasal area here, as above, is probably due 
to the fact that the nasal passages of the rat apparently are able to retain a consider
able amount of radon decay products, both free and attached to dust particles. 

These data illustrate that after the exposure of rats to a radon-daughter 
atmosphere the preponderance of the gamma radioactivity is to be found in the 
lungs below the large bronchi, with very little found in the trachea and large 
bronchi themselves. However, per unit surface area' the epithelial lining of the large 
bronchi receives a much larger dose than any other tissue. It is not surprising that 
the malignant disease of the lungs in humans attributable to radon exposure is 
usually carcinoma of bronchial origin.11 It should be emphasized that these con
clusions may differ for humans because of the difference in the size and configura
tion of the lung. The size of the dust particles in mines may also alter the pattern 
of distribution of the radiation. 

The experimental data indicate that the use of a ventilation system to remove 
dust particles and consequently the daughter products from the air or the use of 
suitable masks for workers in a radon atmosphere would greatly reduce the radiation 
hazard to each worker. 

SUMMARY 

In calculating the relative amount of radiation to the lungs of animals exposed 
to a radon atmosphere, the decay products of radon which would also be present 
in this atmosphere must be considered of primary importance. The radiation flux 
to the respiratory tract from inhaled radon is considerably less than that from the 
inhaled decay products, RaA, RaB, RaC, and RaC'. This is due to the filtering 
out by the lungs of those dust particles which contain the radon decay products 
and the accumulation of these radioactive substances in the lung. 

There is an unequal distribution of the radon decay products within the lung, 
apparently as a function of the size of the dust particles upon which the daughters 
are deposited. After inhalation of a radon-daughter atmosphere, only a small 
amount of the total gamma activity in the respiratory system was found in the 
trachea and large bronchi. However, the radiation exposure per unit surface area 
was much greater for the bronchi than for other lung tissue. 

It is obvious that by instituting measures for the constant removal of dust in 
mines or by having workers wear masks that prevent the inhalation of normally 
present atmospheric dust the hazard from inhalation of radon gas can be greatly 
reduced. It would appear that inhalation studies which consider the radiation 
from radon gas alone do not provide a realistic approach to the problem insofar as 
hazards to humans are concerned. 

S. R. Johns, HMC, P. L. Moon, HMC, and H. R. Gleason, HMI, rendered technical 
assistance. 

11. Evans, R. D.: Report to the Health Division, Los Alamos Scientific Laboratory, Los 

Alamos, N. Mex., April, 1948. 
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HYPERTHERMIC AND PATHOLOGIC EFFECTS OF ELECTROMAGNETIC 
RADIATION (350 Mc) 

LIEUTENANT COLONEL JOHN E. BOYSEN 
MEDICAL CORPS, UNITED STATES AIR FORCE 

SINCE THE discovery by D'Arsonval in 1880 that stimulation with electro
magnetic frequencies greater than 5000 cps produced the sensation of heat 

rather than the excitement of muscular contraction, there has been a considerable 
amount of experimental work done on the biological effects of electromagnetic 
radiation. The major portion of such research 1 during the early part of this century 
was confined to frequencies between 1 and 100 megacycles (me), although a few 
experiments were performed with transmitters capable of producing radiation of the 
order of 300 me. The latter work was done by Schereschewsky 2 and co-workers 
in the years about 1930. Following the development of the magnetron tube during 
World War II, transmitters were produced capable of emitting radiations char
acterized by frequencies in the range of 100 me to above 9,000 me. This device, 
the magnetron, is the "heart" of modern radar; it is also the essential element of 
the device adopted for medical therapy, being first introduced as the Microtherm, 
which operates on a frequency of 2,450 me by license from the Federal Com
munications Commission. Considerable research has been devoted to this portion 
of the spectrum also. 

High-frequency radio waves which are discussed in this paper are those of the 
electromagnetic spectrum and have no relationship to those of the sound spectrum. 
The latter require some material media for transmission, such as air or water, in 
contradistinction to the waves of electromagnetic radiation which can be transmitted 
through space. The electromagnetic spectrum may be said to extend from the low 
frequencies of the standard radio broadcast band (550 kc. to 1,500 kc.) through 
the "short wave" bands (1 me to 100 me), through the FM bands and the television 
bands ( SO to 400 me), upward through radar bands which at present operate 
primarily in the "S" band (3,000 me) and ·the "X" band (9,000 me), and then at 
higher frequencies through infrared, the visible spectrum of light, ultraviolet, x-ray, 

Lieutenant Colonel Boysen is Deputy Surgeon, Headquarters AMC, Wright-Patterson Air 
Force Base, Ohio. 

The material presented herein was prepared from the thesis, "Biological Effects of Electro
magnetic Radiation (Hertzian Waves)," written in partial fulfillment of the requirements for 
the degree of Doctor of Industrial Medicine awarded the author by the Un'.versity of Cincinnati, 
in June, 1951. 

1. Potentialities of Decimeter Short Wave Radiation, Editorial, Arch. Phys. Therapy 
18 :719, 1937. 

2. Schereschewsky, J. W. : Physiological Effects of Currents of Very High Frequency: 
Action of Currents on Tissue Cells, Pub. Health Rep. 41: 1939, 1926; Action of Currents of 
Very High Frequency upon Tissue Cells: Upon Transplantable Mouse Sarcoma, ibid. 43:927, 
1928. 
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gamma rays, and finally cosmic rays, in that order of increasing frequency or 
decreasing wave length. The so-called Hertzian or radio portion of the electro
magnetic spectrum is that portion characterized by frequencies less than those of 
infrared rays. These frequencies issue from transmitters which generate radiation 
by virtue of the thermal motion of vibrating molecules in crystals or in solid bodies. 
To this group belong the transmitters of radio, "short wave," television, radar, and 
the diathermy apparatus common to medical therapy. 

The interaction of radiation of these wave motions with matter has been attri
buted ( De bye) to the presence of dipoles in the molecules which tend to set 
themselves in the direction of the electric force. Thus, in a rapidly alternating 
electromagnetic field, the rapid rotational motion of oscillating ions will tend to 
produce what may be thought of as friction whereby they dissipate their energy 
as heat. This phenomenon, known as dielectric hysteresis, may be described 
mathematically in terms of the dielectric constant of the matter under consideration 
as well as the frequency of the radiation and its conductivity. It then follows that 
a given substance, with. its characteristic dielectric constant, would possess an 
optimum heating frequency. This fact has been borne out experimentally for the 
lower frequencies, that is, for those below 100 me. By extrapolation of these data 
it might be anticipated that frequencies of the order of 300 me would be expected 
to produce a maximum heating effect in tissues having dielectric properties similar 
to those of isotonic saline. The rather wide .use of transmitters utilizing frequencies 
of approximately 300 me, both as commercial transmitters and as transmitters used 
by the military, made this study of the biological effects of this range of frequencies 
a matter of particular interest. Consequently, "whole-body" exposures were per
formed, and the study consisted of the observation of temperature effects and of 
the pathological effects of this radiation. 

EXPERIMENTAL METHODS 

A ppa,ra1tus.-The power was obtained from a standard 60 cycle, 220 volt power line, fed into 
a generator alternator mechanism which produced a D.C. power of 28 V, 11 amp. and an A.C. 
power of 1,500 V -amp. 400 cps. The transmitter consisted of three separate units. The transmit
ter set (T75/APT-4) contained an oscillator tube (JANS-J30) which had a possible frequency 
range of 175 me to 400 me, timing and loading mechanisms, and the air and water cooling sys
tems which were necessary for cooling the oscillator tube. The modulator unit contained most 
of the power controls for the radar set. The video amplifier consisted of a wide-band noise gen
erator (up to 5 me band width) and an amplifier. The final tubes were a pair of JAN-813's 
operated in parallel, which modulated the oscillator tube of the transmitter The rectifier power 
unit (PP-87 / APT-4) developed voltages up to 3,000 V D.C. and up to 3,500 V rms A.C. In
side this unit there were the high-voltage rectifier and its associated filter and bleeder circuits. 
The time delay circuit was also located in this unit. 

In this series of experiments, a wave guide, consisting of a copper chamber 8 ft. (2.S m.) 
long, 24 in. (61 cm.) wide, and 10 in. (25 cm.) deep, was used (Figure). The transmitter antenna 
assembly extended vertically through. the chamber, 10 in. from the end. At the opposite end, 
the receiving antenna extended vertically in a like manner and was also lQi in. from the receiv
ing end. A trap door, 19 in. (48 cm.) square, was situated 24 in. from the receiving end of the 
guide, the hinged portion of the door being 43 in. (109 cm.) from the end and on the top of 
the guide. Rectangular holes were cut in the side of the guide in such pO•sitions that they would 
not interfere with the resonance characteristics of the guide but would provide adequate venti
lation to the interior. A small ventilation fan was situated in the transmitting end of the guide 
in order to provide adequate and constant ventilation during the experiments. 

The transmitting antenna was constructed in such a manner that it could be tuned by rotat
ing the center hollow tube, which increased or decreased its height as it turned on the threaded 
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central post. This post was electrically connected to the center wire of the coaxial cable from 
the transmitter. The outermost hollow tube was grounded to the wave guide itself. 

The receiving antenna was constructed in a similar manner except that the center post was 
not threaded. It, in turn, was attached to the high-loss line of the wattmeter. 

The radio frequency wattmeter (TS-118/ AP) was utilized to measure the power absorption 
of the experimental animals. This equipment measured the r. f. power output of inductively 
coupled raven transmitters operating on frequencies from 2() to 750 me, with power output from 
5 to 500 W. The wattmeter required no matching section and measured power in terms of the 
deflection of a D. C., 0-1 milliammeter. The direct current in the milliammeter was produced by 
a thermocouple, located at the end of the high-loss ("lossy") line of the wattmeter, and rose 
with the power output of the transmitter. Three sizes of thermocouples were provided, together 
with calibration curves. Power required .by the wattmeter was 75 to 100 W at 115 V, 60 
cycles A. C. 

This assembly was connected to the receiving antenna of the wave guide by the thermocouple 
and the "lossy" line. Readings were taken before placing the animals in the guide and after 
the transmitter and guide had been tuned; they were taken again after the animals had been 
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Wave guide used to propagate electromagnetic radiation approximating 350 me in frequency. 

placed in position and the guide returned to maximum power. The difference between the two 
readings obtained from calibration charts accompanying the instrument was taken as the "ab
sorbed power." 

The rectal temperatures of the animals in one group of wave guide experiments were 
measured with toluene thermometers. In the remainder of the experiments, an assembly con
sisting of thermocouple needles, constructed after the method of Tuttle and Janney, and a 
Leeds-Northrup potentiometer were used. The cold junctions were placed in DeWar flasks 
containing crushed ice and were thereby maintained at a constant temperature of 0, C. These 
thermocouples 3 were calibrated against a certified United States Bureau of, Standards ther
mometer. All recorded temperature results were obtained in this manner. 

Animal E.rperi111ents.-Flemish female rabbits were employed after preliminary observation 
to provide assurance that they were in a state of good health. They were inspected prior to 
each period of exposure. They were weighed initially and at intervals during the experiments. 
Their rectal temperatures were measured prior to exposure and immediately following exposure. 
In experiments which were conducted with the aid of the thermocouple temperature measuring 

3. Tuttle, W. W., and Janney, C. D.: The Construction, Calibration and Use of Thermo-
couples for Measuring Body Temperature, Arch. Phys. Med. 29:416-421, 1948. 
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devices, the temperatures were obtained during the recovery phase until they returned to the pre
exposure level, except in those rabbits whose cases terminated fatally within a short time after 
exposure. All animals that died during the course of the experimei1ts were subjected to gross 
and microscopic postmortem examinations. Selected animals from each group were killed by 
intravenously administered air so that any pathological changes which might have resulted 
from the exposure could be studied. 

Two animals were exposed for 22 minutes and two others for 30 minutes, with the trans
mitter in operation but with no load on the antenna. 

The experiments were divided into two groups, as follows: (a,) those conducted in the wave 
guide with the aid of toluene thermometers for measuring rectal temperatures and (b) those 
conducted in the wave guide with temperatures measured with the aid of 'thermocouples. The 
latter group was further divided into the following series: (1) those in which the rabbits were 
exposed to a radiation of a frequency of about 358 me, with the noise modulated to a band width 
of 5 me; (2) those in which they were exposed to radiation with a frequency of about 290 me, 
with the noise modulated to a band width of 5 me, and (3) those in which they were exposed 
to radiation at the frequency of 358 me without modulation. 4 

During the normal operation of this transmitter, a given carrier wave which is modulated 
with a noise signal is emitted. This noise signal is random in nature and may be varied in band 
width from a fraction of a megacycle to 5 me. Such a noise-modulated carrier wave is "pulsed." 
In the series of experiments labeled Groups A and B", Series 1, these conditions of operation 
applied. The frequency of the carrier was 358 me. The loading of the antenna was very criti
cal in Group B, Series 1. The latter series involved the use of the wave guide. The tuning on 
the antenna was accomplished by adjusting the lengths of both the transmitting and the receiv
ing stubs in the wave guide. Such adjustments were cumbersome and difficult to do accurately. 
This fact probably accounts for the variability of the power readings which were obtained and 
for their rather poor correlation with the observed hyperthermia. 

When the band width control on the modulator panel was placed in the "zero" position or 
where the thyratron gas triode tube (JAN-6D4} was removed from the modulator, an unmod
ulated carrier wave was emitted. Under these conditions, the transmitter operated CW (continu
ous wave). These were the conditions under which the Series 3 experiments were performed. 
The carrier frequency was 358 me and was unmodulated. It was felt that a comparison should 
be made between this continuous wave emission and the pulsed wave of previous experiments, 
because although the average power output in both instances was of the same magnitude, the 
peak power output of the pulsed emission was manyfold that of the CV/ signal. 

During the Series 2 experiments, the transmitter was operated at a carrier frequency of 
290 me, noise modulated. This was the lower limit of the frequency at which the wave guide 
maintained a normal power output. However, tuning of the antenna was virtually impossible, 
as it was extended to its maximum excursion. For this reason, it is assumed that the power out
put figures are not reliable. The quality of resonance obtained during the course of this series 
of experiments must also have been inferior. Consequently, one might expect to, find a decreased 
thermic effect on these experimental animals. 

EXPERIMENTAL RESULTS · 

Hea,ting of Ma11111wlia.n Tissue.-Group A experiments consisted of 14 separate 
periods of exposure. Seven animals were used, some on repeated occasions. Fiv~ 
of the animals eventually died within 24 hours from the time of the iast exposure. 
In all the animals there developed varying degrees of hyperthermia, as measured 
on toluene thermometers. Their breathing became rapid and deep, profuse lacrimal 
discharge was usually noted, and frequently a profuse mucofecal diarrhea developed 
during the period of exposure. No evidence of blood in the stool was ever noted. 
Frequently in those rabbits in which extreme hypertherrnia and hyperpnea and 
later dyspnea developed, loud course rales were clearly audible over the entire lung 

4. Salisbury, W.W.; Clark, J. W., and Hines, H. M.: Exposure to Microwaves, Electronics 
22:66-67, 1949. . , 
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fields even without the aid of a stethoscope. In the animals whose cases terminated 

fatally within an hour after the termination of exposure, the picture was that of 

terminal clonic convulsions and finally death with cyanosis, their breathing having 

become slow and shallow just prior to death. Some of the surviving animals devel

oped much the same picture and were completely paralyzed immediately following 

exposure. Apparent recovery in these cases was noted within 24 hours. The 

duration of exposure was 20 minutes, except in one experiment involving two 

animals for 36 minutes. Both animals in the latter experiment died following 

exposure. The transmitter was operated with the modulator plate voltage of 650 

to 750 V; the oscillator voltage was 1,300 to 1,450 V, the modulator plate current 

was 370 to 440 ma., and the grid current was 13.6 to 16.0 ma. 

Group B experiments were all conducted in a wave guide with the aid of the 

thermocouple temperature measuring device. In Series 1 the transmitter was 

operated with the modulator plate voltage of 620 to 680 V, with an oscillator voltage 

of 1,375 to 1,450 V, a modulator plate current of 400 to 440 ma., and a grid current 

of 14.2 to 16.4 ma. The duration of exposure in this series varied from 7,½ to 32 

TABLE 1.-Distribution of Pea,k Body Temperatures of Animals Following Exposure for Va,riable 
Periods of Time 

Series 1 Series 2 Series 3 

Duration, No. of No. of No. of 
Min. Range (0.) Animals Av. (0. Range (0.) Animals Av. (0.) Range (0.) Animals Av. (0.) 

5-9 39.2-40.2 (2) 39.7 
10-14 42.1 (1) 42.1 
15-19 40.4-42.7 (4) 41.88 41.2-42.5 (8)- 41.79 42.4-43.0 (6) 42.73 

20--24 40.9-45.3 (9) 42.05 41.3-42.8 (16) 42.00 41.8-42.9 (6) 42.33 

25-29 41.3-46.1 (9) 43.32 41.6-42.7 (6) 42.10 42.2-43.4 (7) 42.71 

30-34 40.5-41.9 (4) 41.25 42.1-43.5 (4) 42.90 

35-39 41.7-43.0 (2) 42.35 

40 42.8-43.3 (2) 43.05 

minutes. Five animals died following exposure to this radiation, two of these 

animals being exposed individually and each of the other three being one of a pair 

of exposed partners. With one exception, the peak temperatures of animals that 

died reached levels higher than 44.6 C. In the case of the exception (X-9) the 

temperature reached a peak of 41.2 C., a rise of only 2.6 C. from its preexposure 
level. This animal died in convulsions ( as did the other animals) about two hours 

after termination of exposure. The rectal temperatures during the recovery phase 

gradually returned to a normal level in little more than an hour. 
The average peak temperatures related to the duration of exposure are shown 

in Table 1. The average temperature rise shows a better correlation with the 

expected energy absorption than does the peak temperature, as is quite evident 

from comparison of Table 2 with Table 1. 
In the Series 2 exposures, the transmitter was operated with a plate voltage of 

630 to 660 V, with an oscillator voltage of 1,400 to 1,500 V, a modulator plate 

current of 390 to 410 ma., and a grid current of 14.0 to 16.2 ma. The duration of 

exposure in this series varied from 15 to 4D minutes. Although the longest periods 

of exposure in this series exceeded those in the previous series, the peak tempera

tures attained never exceeded 43.5 C. This very likely accounts for the absence of 

any fatalities in this series. The average frequency used during this series was 
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290 me. A few of the animals in which comparatively high temperatures developed 

demonstrated findings similar to those of the previous series, that is, hyperpnea and 
increased intestinal activity; there was no diarrhea and no increase in lacrimation 
or salivation. None of the animals appeared as toxic as those in which there had 
developed correspondingly high temperatures in the previous series. 

There is fairly good correlation between duration of exposure and the average 
peak temperatures reached (Table 1). This also is true of the temperature rise 
produced by exposure (Table 2) in this series. 

The Series 3 experiments were conducted with a modulator plate voltage of 
550 to 650 V, with an oscillator voltage of 1,300 to 1,400 V, a modulator plate 
current of 390 to 460 ma., and a grid current of O ma. The duration of exposure 
in this group of experiments varied from 15 to 25 minutes. There were no fatalities, 
and the highest peak temperature reached was 43.4 C. Although no period of 
exposure exceeded 25 minutes, the reactions of the animals were essentially the 
same as those in the previous series with respect to hyperpnea, lacrimation, and 
salivation. 

Duration, 

TABLE 2.-Average Temperature Rise (Combined-Both Single and Paired) 
in Relation to Duration of Exposure 

Series 1 Series 2 Series 3 

No. of No. of No. of 
Expo- Expo- Expo-

Min. sures Range (C.) Av. (C.) sures Range (C.) Av. (C.) sures Range (C.) Av. (0.) 

5.9 ................ (1) 0.40 
10-14 ................ (1) 1.30 
15-19 ................ (2) 2.6-3.3 2.95 (4) 0.8-1.9 1.50 (3) 2.4-3.7 

20-24 ................ (5) 1.7-4.2 2.98 (8) 1.6-3.4 2.25 (3) 2.7-3.8 

25-29 ................ (5) 3.1-5.7 4.62 (3) 2.0-3.6 2.87 (4) 2.6-4.1 

30-34 ................ (2) 3.5-4.7 4.10 (2) 4.5-4.7 4.60 

35-39 ................ (1) 4.10 

40+ ................ (1) 3.50 

Comparison o1 Temperature Effects.-The comparison of the average peak tem
peratures at various durations of exposure under the experimental conditions of the 
three series used is given in Table 1. Similarly the average combined temperature 
rise is compared with duration of exposure and appears in Table 2. From these 
statistics alone it is not possible to conclude that there was any essential difference 
in the absorption of electromagnetic radiation of the frequencies concerned, because 
the differences either in peak temperatures or in the average temperature rises are 
not of statistical significance at any given duration of exposure. The range from 
which these averages were obtained has too much spread, and even though a correc
tion for the variations in animal weight and the power output could be made, the 
problem of individual variation in the physiological mechanisms and the ability of 
the animals to dissipate the absorbed heat energy would be of considerable magni
tude. Such correlations have not been attempted, because it was felt that the 
measurement of power output was too inaccurate. 

The mortality rates are tabulated in Table 3. Series 1 and Group A are 
included as one, since the conditions of the two experiments were identical. This 
is the only group in which any fatalities were noted, although Series 3 did not 
involve periods of exposure as long as some of those in the other two series. The 

3.20 
3.33 
3.68 
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significance of the absence of fatalities following exposure in Series 3 for periods 
of 20 to 24 and 25 to 29 minutes is questionable. It appears likely that pulsed 
radiation resulted in greater absorption of energy than continuous wave radiation, 
as shown in the comparison of Series 1 and Series 3. Series 2 represents an 
experimental condition in which optimum resonance was not attained, and conse
quently one would not expect as efficient an absorption of energy as in the other 
two series. 

Pathology.-Two animals have not been included in this discussion because of 
the extensive pathological changes due to other causes. 

The pathological changes noted were essentially the same in respect to the type 
of radiation to which the animals were exposed; i. e., there was no detectable 
difference between animals exposed to the modulated carrier (pulsed) and those 
exposed to the unmodulated carrier (CW). For this reason no attempt has been 
made to relate the pathological findings to the type of exposure. 

TABLE 3.-M ortality in Relation to Duration of Last Exposure 

Group A and Series 1 Series 2 Series 3 

No. of No. of No. of 
Duration, Expo- No. of No. of Per Expo- No. of No. of Per Expo- No. of No. of 

Min. sures Animals Deaths Cent sures Animals Deaths Cent sures Animals Deaths 
5-9 1 2 0 

10-14 1 1 0 
15-19 2 4 0 4 8 0 3 6 0 
20-24 18 34 4 11.8 8 16 0 3 6 0 
25-29 5 9 3 33.0 3 6 0 4 7 0 
30-34 2 4 1 25.0 2 4 0 
35-39 2 2 100.0 1 2 0 
40 1 2 0 

Group A Only 

20-24 13 25 3 12.0 
35-39 1 2 2 100.0 

Although no gross changes were visible, all animals exhibited microscopic evi
dence of diffuse degeneration of the Purkinje cells and of the neurons of the 
cerebral cortex, the nuclei of the spinal nerves of the pons, the medulla, and in a 
few cases the cerebellum. 5 These changes were evident in all cases of spontaneous 
death, as, well as in those deaths inclucecl 14 and 61 days after the last period 
of exposure. This fact leads one to believe that the damage was induced at the 
time of exposure and that little or no repair occurred. 

Gross hemorrhagic areas were noted in the myocardium in about 25% of the 
animals that died shortly after exposure. In all except one there was noted a 
diffuse degeneration of the myocardial fibers, manifested by loss of striations, 
pyknosis of the nuclei, and, in some, vacuolation of the· myocardial fibers. The 
degree of damage varied considerably but bore no detectable relationship to the 
type of radiation. 

Gross submucosal hemorrhages were usually quite extensive in the trachea of 
all animals that died immediately after the exposure. In some instances there was 

5. Oldendorf, W. H.: Focal Neurological Lesions Produced by Microwave Irradiation, 
Proc. Soc. Exper. Biol. & Med. 72:432-434, 1949. 
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gross evidence of intrwuh~1onary hemorrhage and pulmonary edema. Microscopi
cally, there were marked hyperemia, edema, and extravasation of erythrocytes into 
the submucosa of the trachea in most cases. Pulmonary edema and intra-alveolar 
and subpleural hemorrhages were noted in all the animals of this group. In one 
animal killed 61 days after the last exposure there had developed a hyperemia of 
the pulmonary alveolar capillaries, with marked infiltration of these capillaries with 
granulocytes. In another a confluent lobular pneumonia had developed when it 
was killed the clay following the last exposure. 

The intestinal tract, especially the jejunum and ileum of animals that died 
shortly after exposure, showed gross evidence of rather severe multiple but localized 
areas of hemorrhage, which appeared to extend through the entire wall of the 
intestine. Microscopically, the changes varied from hyperemia and hemorrhage 
into the mucosa to frank necrosis of the mucosa! epithelium. In one animal there 
had been a fibroblastic reaction within the mucosa! tissues. The caecum of this 
animal also had a marked hyperplasia of the lymphoid cells of the surface m1,1cosa 
and of the granulocytes within the mucosa. In another animal there had been a 
slight necrosis of the superficial epithelial cells of the jejuna! mucosa, death having 
occurred 109 days after exposure. The animals which were killed for postmortem 
examination failed to demonstrate any pathological changes of the gastrointestinal 
tract. 

The tips of the lobes of the livers of animals that died immediately after exposure 
were found on examination to be usually grayish in color. Microscopically, the 
changes varied considerably from a mild to a moderate degeneration of the hepatic 
cells. Focal cell necrosis also was found. In some cases, there was also necrosis 
of the granulocytes and lymphocytes in the lumina of the hepatic vessels. In the 
animal that died 109 clays after exposure there was a fatty vacuolation and focal 
hyaline necrosis of the hepatic cells. There was no evidence of damage in the livers 
of two animals killed 14 and 10 clays, respectively, after the last exposure. There 
was only slight damage to the liver of one animal killed 15 days after the last 
exposure, but there was a moderately diffuse parenchymatous degeneration of the 
hepatic cells of another killed 61 clays after the last exposure. 

Grossly, all spleens appeared quite normal. Microscopically, there was usually 
some evidence of hyperemia, and occasionally there was a focal necrosis of lympho
cytes and of some granulocytes in the sinusoids as well as in the follicles. In one 
animal a splenic hyperplasia had clevelopecl, and there was also evidence of hemo
poiesis. There was a marked hyperemia in the spleen of another. 

Grossly, the capsules of the kidneys of many of the animals which died immedi
ately after exposure were grayish in appearance. The most constant finding in 
all the animals was a degeneration of the epithelial cells of the proximal and the 
distal convoluted tubules of the kidney. In the two animals subjected to the greatest 
total amount of radiation there was a slight degeneration of the cortical cells of 
the adrenals. 

Although almost all animals at one or more times during and following exposure 
had a severe mucopurulent conjunctiva! discharge, there was evidence of gross or 
microscopic changes in the eyes 6 in only one animal in which a slight swelling of 

6. Daily, L., Jr.; Wakim, K. G.; Herrock, J. F., and Parkhill, E. M : Effects of Microwave 
Diathermy on the Eye, Abstract, Am. T. Phvsiol. 155: 432, 1948. 



524 INDUSTRIAL HYGIENE AND OCCUPATIONAL" MEDICINE 

the anterior capsule of the lens was noted. No evidence suggesting the development 
of lenticular cataract 7 was discovered. 

There was no evidence of any burns of the skin of any portion of the body of 
any animal involved in these experiments. 

COMMENTS 

It was hoped in placing the animals inside a wave guide and thereby making 
them part of the resonating system that power level measurements could be made, 
which, when compared with the power levels prior to their entry into the system, 
would give a "resultant power absorption." It was soon discovered that the tuning 
mechanism of the antenna was not sufficiently critical to give more than an approxi
mation. In addition, the rather erratic characteristics of the transmitter made 
accurate tuning quite difficult. The latter factor also made the accurate metering 
of the transmitted frequencies somewhat inaccurate, although the error in fre
quencies is only of the order of magnitude of about plus or minus 5 me. It is felt 
that a great deal of additional work is indicated on this aspect of the problem in 
order that a better understanding may be obtained of the absorption factors of 
electromagnetic radiation in this range of frequencies. 

These experiments have indicated that a frequency of about 350 me will produce 
very rapid heating in the rabbit. Pathological changes were produced which, when 
severe enough, were sufficient to cause death. Prompt lethal injury was character
ized by the development of acidosis, with hyperpnea, tetany, convulsions, and 
respiratory arrest. In those animals which died and also in those which survived, 
even though some of them exhibited few signs other than hyperpnea and hyper
pyrexia, the pathological changes were quite uniform. The most striking features 
were the following: ( 1) diffuse degeneration of the neurons of the cerebral cortex, 
the medulla, the basal ganglia, the pons, and in some cases the cerebellum; (2) 
diffuse degeneration of the epithelial cells of the proximal and the distal convoluted 
tubules of the kidney, and ( 3) a mild to moderate degeneration of the myocardial 
fibers. These findings were prominent and constant regardless of the period of 
recovery from the last exposure, since they appeared in those animals which died 
immediately as well as in animals killed for examination as long as 61 days after 
the last exposure. 

There seemed to be definite evidence of partial reversal of certain other patho
logical changes, as follows : ( 1) hemorrhage and edema of the larynx, trachea, and 
pulmonary parenchyma; (2) degeneration of the hepatic cells, and ( 3) hemorrhage 
and necrosis of the intestinal mucosa and stomach. 

The complete absence of any ocular pathology was not anticipated. The report 
of other investigators indicated that power levels, such as those used in these 
experiments, might produce lenticular opacities, because the transmitter output was 
almost invariably in excess of 100 W. Although it is recognized that the power 
density according to the size of the wave guide was only slightly in excess of 
0.1 W/cm. 2, the heating efficiency of the enclosed system was greater than it would 
have been in free space. In addition, under conditions in which the absorption of 
energy is sufficient to cause a generalized hyperthermia and in which ocular struc-

7. Richardson, A. W.; Duane, T. D., and Hines, H. M. : Experimental Lenticular Opacities 
Produced by Microwave Irradiations, Arch. Phys. Med. 29:765-769, 1948 
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tures are also in the electromagnetic field, one might expect the absorbed energy 
to be of sufficient magnitude to heat ocular tissues at a faster rate and, consequently, 
to a higher level than other organs. This deduction is based upon the notoriously 
poor heat loss mechanisms of 'the eyeball itself. From a practical standpoint, in 
relation to the exposure of operating personnel, this may be of some significance. 
A reasonable conclusion, if one can interpolate from the rabbit, is that the dangers 
of cerebral, renal, and myocardial damage are greater than the danger of ocular 
damage. The exception might exist in rare instances when persons might be 
subjected to localized beams of radiation directed to the regions of the eye only. 
Of course, such circumstances would also place cerebral tissues in some jeopardy 
simultaneously. 

There was no detectable pathological difference in the effects produced by 
"pulsed" as compared with "continuous wave" radiations in these experiments. 
The average power output of the pulsed radiations was essentially of the same order 
of magnitude as the peak power output of the continuous wave radiations. 

SUMMARY 

Experiments utilizing a radio frequency transmitter to exposed rabbits (Flemish 
females) were conducted in order to study the effects of this radiation on the body 
temperature and on the tissues. The transmitter emitted a carrier wave of the order 
of 350 me, which in certain experiments was modulated with a noise signal which 
had a random frequency up to about 5 me. In other experiments the carrier wave 
was unmodulated. 

The duration of the exposure of rabbits to these experimental conditions varied 
from 7 to 40 minutes. Eight deaths resulted, and in all other cases there were 
varying degrees of hyperthermia. Every animal whose rectal temperature was in 
excess of 44.5 C. at the termination of the exposure succumbed. One animal died 
after an exposure which induced an increase in rectal temperature to only 41.2 C. 

The characteristic lesions found in the animals which died spontaneously and in 
those which were killed for postmortem examination were degenerative lesions of 
the brain, kidneys, heart, and to a somewhat lesser degree of the liver, gastro
intestinal tract, respiratory tract, and spleen. No significant evidence of damage 
to the ocular structures was noted. 

The results of these experiments indicate that "whole-body" irradiation by radio 
transmitters of frequencies approximating 350 me may induce degenerative lesions 
of the central nervous system, kidney, myocardium, liver, gastrointestinal tract, and 
respiratory system in about that order of decreasing severity, provided that power 
densities are of sufficient magnitude. The accurate measurement of this critical 
power density is one which awaits further study and development. It is hoped 
that this work will serve to stimulate further investigation along these or similar 
avenues. 
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MONOCHLOROMONOBROMOMETHANE (CH2C1Br) is a fire extin
guishant with relatively low toxic but distinct narcotic properties. 1 Previous 

studies on inhalation toxicity showed the following: (a) Repeated exposures to 
1,000 ppm of CH2C!Br vapor for seven hours a day, five days a week for 14 weeks 
was tolerated by rats and rabbits without evidence of toxic reaction 2 and ( b) the 
chief pathological changes in mice after inhalation of 2,300 ppm of CH2C!Br 
seven hours a day for five days were marked visceral congestion and fatty degen
eration of the liver and kidney. 3 Recently a study made at Dow Chemical Com
pany 4 showed that 50% of exposed rats died after a three-hour exposure to 40,000 
ppm. No mention was made in any of these studies as to sequence of signs and 
development of narcosis. The need for additional information on this subject 
was recognized after proposals were made for the use of :his compound in fire
fighting equipment. 

EXPERIMENT PROCEDURE 

Male Wistar rats were exposed in groups of 10 to various concentration levels of CH,C!Br 
for 15 minutes. Prior to an exposure the animals were placed in a sliding carriage attached to a 
380 liter dynamic flow gassing chamber operated at an air flow of 150 1./min. Exposure was 
accomplished by rapidly moving the animals into the chamber aftc.r establishing the desired 
concentration of CH2ClBr. The animals were o.bserved through the glass walls of the chamber 

·From the Chemical Corps Medical Laboratories; Dr. F oglen:an is currently with the 
Hazleton Laboratories, Falls Church, Va. 

1. Matson, A. F., and Dufour, R. E.: The Life Hazards and Nature of Products Formed 
When Chlorobromomethane Extinguisher Liquid Is Applied to Fires, Bulletin of Research 
No. 42, Chicago, Underwriters Laboratories, Inc., August, 1948. Comstock, C. C., and Oberst, 
F. W.: Comparative Inhalation Toxicities of Four Halogenated Hydrocarbons to Rats and 
Mice in the Presence of Gasoline Fires, A. M. A. Arch. Indust. Hyg. 7: 157, 1953. 

2. Svirbely, J. L.; Highman, B.; Alford, W. C., and von Oettingen, W. F.: Toxicity and 
Narcotic Action of Mono-Chloro-Mono-Bromo-Methane with Special Reference to Inorganic 
and Volatile Bromide in Blood, Urine and Brain, J. Indust. Hyg. & Toxicol. 2,9 :382, 1947. 

3. Highman, B.; Svirbely, J. L.; von Oettingen, W. F.; Alford, W. C., and Pecora, L. J.: 
Pathologic Changes Produced by Monochloromono-Bromomethane, Arch. Path. 45:299, 1948. 

4. Monochloromonobromomethane, personal communication from Dow Chemical Company, 
Midland, Mich., to Chief, Medical Division, Army Chemical Center, Md., Jan. 29, 1951. 
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for signs of intoxication. The signs were graded by Guedel's 5 method of classifying stages of 
anesthesia. At the completion of the exposure period, two survivors as well as the fatalities 
were submitted for pathological examination. 

The agent was dispersed by passing dry air through the liquid in a dispersion bubbler. The 
chamber concentration was determined by a modification of the Volhard method. A measured 
sample of chamber air, about 0.5 liter in volume, was collected at a rate of 0.5 1./min. during 
the time the animals were exposed. Two bubblers connected in series, each containing 20 ml. of 
absolute ethanol, were kept refrigerated by a dry ice-acetone bath during the collection perio·d. 
The contents of each bubbler, after sampling, were transferred to a 500 ml. flask and the bubbler 
washed with absolute ethanol which was combined with the original contents. To this solution 
0.5 gm. of freshly cut sodium was added. After the initial reaction 'of sodium and alcohol, the 
mixture was refluxed for 4S. minutes. The contents of the flask were evaporated to a volume of 
approximately 10 ml. The alcohol was removed by several successive additions of small volumes 
of water followed by evaporation. One drop of phenolphthalein was added, and the solution was 
neutralized with 4N H2SO,, with the addition of a few drops in excess. A small amount of 
CaCO\i was then added to the solution to neutralize the excess acid. The solution was titrated 
with 0.1263N AgNO, solution until the AgCI precipitate assumed a reddish tint when 1 ml. of a 

Avera.ge Time of Appearance of Stages of Anesthesia in Rats Diiring 15-Minute Exposure to 
Various Concentrations of CH2ClBr Vapor 

Stages of Anesthesia (Guedel's) 

1st 2d 3d 4th Death 
Average Exposure rrime in Minutes 

Concentration, Ppm 

1,500 ................................... 1-4 5-7 8-15 
4,500 (2,600-5,400) ..................... 1-9 10-15 
7,000 (6,000-7,300) ····················· 1-3 4-15 
15,500 (15,000-16,000) ·················· 1-4 5-8 9-15 

23,000 (22,000-24,500) .................. 1-3 4-7 8 9-15 

27,000 (25,000-29,000) .................. 1-2 3 4-6 6-15 

33,000 (32,000-49,000) ·················· 1 1 2-8 5 9 

0.2% sodium fluoresceinate was used as an indicator. For low quantities (1 to 10 mg. of 
CH2C!Br), dichlorofluorescein gave a more distinct end-point. Each ml. of 0.1263N AgNOa 
was equivalent to 10 mg. of CH,CIBr. Concentrations in terms of parts per million were 
calculated from milligrams per cubic meter data by using the conversion factor of 0.1895. 
Complete recovery (99% or more) could be obtained only when the reflux time was 45 minutes. 
There was no slippage of CH,C!Br vapor when cold absolute ethanol was used in the collection 
bubblers. 

RESULTS 

1. Signs- of Into.xication.-The toxic signs produced by various concentrations 
of CH2C!Br vapor closely resemble the effects of an anesthetic and can be fitted 
into Guedel's classification of anesthetic progression (Table). Hypersensitivity 
was noted immediately upon exposure and was followed closely by signs of hyper
irritation. During the first stage of anesthesia, the animals exhibited a behavior 
similar to that caused by defective semicircular canals. The muscular activity 
during this stage appeared normal. Stage 2 was evidenced by light narcosis, easily 
broken by movements of other animals. The next sign noted was a convulsive 
tremor which became progressively severe. The righting reflex became impaired 
and ushered in Stage 3 ( Planes 1 and 2). The animals appeared to become coma
tose, and Stage 4 was marked by hyperpnea and a change in the color of the eye 

5. Guedel, A. E.: Inhalation Anesthesia: A Fundamental Guide, New York, The Mac
millan Company, 1937. 
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from a dull red to a bright cherry red accompanied by exophthalmos. This stage 
ended with a sudden drop in respiratory rate to a convulsive gasping followed 
by death. 

2. Pathology.-Severe pulmonary edema was a constant observation in all 
rats dying within 48 hours following exposure. A white frothy material was 
found extending from the trachea to the alveoli. The alveolar walls were acutely 
congested. 

Rats surviving exposures of 27,000 ppm or less of CH2C1Br were normal 
when examined on the 14th postexposure day. Animals exposed to concentrations 
above 27,000 ppm of CH2C1Br vapor showed a diffuse tracheitis and interstitial 
pneumonitis. No fatty changes in the liver or kidneys of any of the experimental 
animals could be demonstrated. 

COMMENT 

The acute inhalation toxicity of CH2C1Br vapor for man is not known. The 
figure for rats and other small animals indicates, however, that no serious hazard 
to personnel is involved. In addition, the narcotic properties of this compound 
are such that a person would have ample warning of exposure before severe toxic 
signs become apparent. An additional margin of safety is indicated, since the 
alterations of the respiratory organs are apparently transitory when the concen
tration is low and the exposure time is brief. However, the possibilities of sec
ondary invaders into the damaged parenchyma of the lung should not be overlooked. 
This was the apparent cause of delayed death in rats receiving high concentrations 
of the vapor for periods up to 15 minutes. 

The narcotic effects of this compound could be considered hazardous under 
certain conditions. For example, control of engine fires on aircraft is usually 
accomplished by extinguishers mounted under the cowling. Should a premature 
release of CH2ClBr occur while a mechanic was working in this area, the immedi
ate concentration of vapors might be sufficient to produce any of the various 
stages of narcosis and result in personal injury from falling. 

SUMMARY 

Rats were exposed to various concentrations of CH2C!Br vapor for 15 minutes, 
and the signs of intoxication were noted. The progression of intoxication resembled 
Guedel's classification of anesthesia. Concentrations as low as 3,000 ppm ( 16 X 
103mg./m.3 ) produced light narcosis. The compound caused transient pulmonary 
edema at concentrations below 27,000 ppm (143 X 103mg./m.3

). At higher 
concenrtations an interstitial pneumonitis resulted in delayed deaths. No deaths 
were noted during exposure to concentrations below 27,000 ppm. Delayed deaths 
were seen after exposure to 22,000 ppm. 

It seems that the hazards produced by this compound occur at relatively high 
concentrations, but personnel would have ample warning of impending danger 
before acute damage could be done. 

Lt. E. E. Ozburn, U. S. N., assisted in conducting the analysis and Maj. J. K. MacNamee, 
Chief, Pathology Branch, and his staff in conducting the pathological examination. 



CONTROL OF THE ENVIRONMENT IN THE PREVENTION 
OF INDUSTRIAL ACCIDENTS 
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T HE HEDGEHOG is a frequent casualty on British roads. This little creature 
shares with the porcupine a unique system of natural protection in the shape of 

spines or quills which it extends in the face of its enemies. Its reaction to danger, 
in fact, is to extend its spines and remain motionless. This is an excellent defense 
against its enemies from the biological environment, but it is worse than useless 
against the mechanical hazards of the highway, and hedgehogs in increasing 
numbers go to join the great majority of those who never knew what hit them. 

The hedgehog can escape from this predicament by changing its habits, but 
the possibility of making so fundamental a change in its behavior as would be 
necessary to accommodate it to the hazards of the highway is remote. Indeed, 
if there were a further serious mechanization of its environment, the survival 
of this animal as a species might be in doubt. 

While the survival problems of this tiny English mammal may seem remote 
from the problems confronting mankind, the remoteness is apparent rather than 
real, for it seems unlikely that the problems differ in anything but degree. The 
progress of mechanization in our civilization has been so rapid and so far-reach
ing that the time may well have come when it should be deEignated as a separate 
entity known as the "mechanical environment." Machines,. as a factor in the 
problems of human existence, are now on the way to oust, certainly in cities, 
biological factors for first place in our considerations. It is certainly a fact that 
in this new setting few of the defense reflexes which we have inherited from our 
remote ancestors are of much more use to us than are the hedgehog's. Man's 
only advantage over the hedgehog is reduced to his capacity for conscious thought 
to protect himself from danger. The success of conscious thought in this field 
is not outstanding, since 94,000 persons meet death accidentally each year in the 
United States. 

If we accept the epidemiological concepts 1 of host, agent, and environment 
as applicable to accidents, we are forced to the belief that man's natural protection 
against the hazards of the mechanical environment is not obvious. There are 
no antibodies which he can develop to being hit by a truck, and while there may 
be developed in the future some sort of psychological prophylaxis that will protect 
him against the hazards of the highway, at the moment the possibility of modify
ing the host sensibly is of no particular attraction. 

From the Department of Industrial Hygiene, Harvard School of Public Health. 
1. Gordon, J.E.: The Epidemiology of Accidents, Am. J. Pub. Health 39:504, 1949. 
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This is not to deny that there are host factors concerned in accidents. Every 
accident represents a phase of the relationship between host, agent, and environ
ment, and there are now few who would deny that some hosts are more susceptible 
than others, since the concept of accident proneness is well established. But why 
some persons are accident-susceptible is still unknown. Modern techniques 
may enable us to identify the susceptible person, but they give us little help as 
to his cure. In any case in a large range of accidents there appears to be universal 
susceptibility. 

Approach to the control of accidents by way of the host is limited, then, largely 
to a process of selection. This process offers, no douot, some hope for the present, 
but it suffers from an inherent defect. Mechanization of our environment becomes 
more widespread and more involved every day, so that the field in which our 
natural instincts still continue to defend us is ever-narrowing. The task of select
ing persons for special mechanical tasks also becomes more difficult, because the 
pressure of more widespread mechanization, on the one hand, demands that more 
workers be selected, while the increased technical complication, on the other hand, 
demands that the standards of the selected should be higher and, therefore, the 
numbers rejected should be greater. In whole areas of our everyday life mechani
zation is spreading to places where no selection of suitable hosts is possible. This 
is particularly true of the home. The modern housewife, with washing machine, 
dishwashing machine, mixer, ironer, refrigerator, vacuum cleaner, and floor pol
isher, is so far removed from the environment of her grandmother as to live in a 
different world, and the risks of her environment differ little from those of her 
sister employed in industry. 

No alternative is left but to control the environment and the agent as a part 
of it. In this, at least, we are on firm ground, for in the realm of communicable 
disease, with which we have chosen to draw a pare.Ile!, notable advances have been 
made in environmental control. Plague, typhus, and typhoid are outstanding 
examples of what can be done by this method. But the very success of the epi
demiologists should not blind us to the difficulties involved or to the fact that real 
success was not achieved until comparatively drastic changes had been made in 
the environment, supported and abetted by an aroused and informed public opinion. 

Medical science, and particularly preventive medicine, is still largely the prisoner 
of the habits, the customs, and above all the prejudices of its time. That trichinosis 
should flourish in the United States would seem to be largely due to the fact 
that public opinion is not yet ready for the measures of environmental control 
necessary to banish the disease. Deaths on the highway may well be the trichinosis 
of the mechanical environment. 

There is, for example, little doubt that massive alteration in the design of 
automobiles would effect drastic improvement in the death rate on the road. The 
elimination of all projections and the manufacture of fenders, grilles, and bumpers 
out .of rubber, coupled with the mechanical governing of all vehicles to a maxi
mum speed of 30 mph, would be, no doubt, as startling in its effect upon road 
deaths as would be the sterilizing of hog food in the control of trichinosis. That 
public opinion is nowhere near ready for this sort of environmental control needs 
no emphasis. The matter is raised here solely to point to the fact that most 
problems are soluble, provided that public opi::iion is prepared to pay the price 
of solution. 
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These considerations, however, do not apply to the industrial field, in which 
circumstances differ considerably. In the first place, the cost of accidents in 
industry is measurable in direct economic terms, in loss of production, and in 
compensation claims. In the second place, the environment of a factory is normally 
within the control of a single person or group of persons who are not dependent 
upon public opinion for action incentives. 

To assess the whole problem of the industrial environment, it may be worth 
while to go back somewhat to more primitive t:mes. Man's triumph in controlling 
his physical environment in respect to shelter and warmth did not ipso facto con
tribute to improving its safety. Destruction of one hazard, it seems, must invari
ably bring another, and there is no obvious evidence that man has learned 
significantly in this respect. Ever since primitive man hoisted the first building 
stone on top of another, our man-made environment has consisted largely of 
straight lines and right angles. We have been imprisoned in a crude geometry 
of the architect. To believe that recent advances show improvement seems to be 
wishful thinking. What evidence there is is to the contrary, for our less technically 
minded grandfathers seemed to have had a feeling for human behavior and, 
above all, a feeling for human anatomy, which is lacking in our homes today. 

One aspect of the modern factory, and the aspect which is examined here, 
makes it no more than an expanded dwelling, designed to house not only human 
beings but machines and equipment, the whole paraphernalia, in fact, of modern 
production. In this respect the home reaches its apotheosis, for the factory con
tains as its first accident cause all those hazards found in the home, but expanded 
and multiplied. As in the home, factory workers also drop objects on their toes, 
walk into doors, and fall downstairs, but the objects in the factory are heavier, the 
doors harder, and the stairs higher and steeper. 

The circumstances of industrial accidents have been analyzed by the National 
Safety Council. 2 For 1952, under sources of injuries, the following information 

is available: 

1. All injuries Per Cent 

(a) Handling goods..................................................... 22 
(b) Falls ................................................................ 17 
(c) Macbinery .......................................................... 16 

2. Fatal and total permanent injuries Per Cent 

(a) Vehicles .. .. .. .. . .. . .. .. .. .. .. . .. . . .. .. . .. . . . .. .. .. . .. . .. . .. . . .. .. .. . 22 
(b) Falls ................................................................ 19 
(c) Falling objects...................................................... 10 

3. Permanent partial injuries Per Cent 

(a) Machinery .......................................... , . . .. .. . .. .. . . .. . 32 
(b) Falling objects...................................................... 18 
(c) Falls .. . .. . .. . .. .. .. .. .. . .. .. . .. .. .. . .. .. .. .. .. . .. .. .. .. . .. . .. .. .. .. . 14 

4. Temporary total injuries Per Cent 

(a) Handling goods..................................................... 26 
(b) Falls ................................................................ 18 
(c) Falling objects...................................................... 11 

How should we view the construction plan of a factory so as to shed light 
on these accident figures? First and foremost, the modern factory is built to .hold 
machinery and processing equipment. There may be exceptions, but they are only 
sufficient to prove the rule. The most important factor in the design of a factory 

2. Sources of Injuries, in Accident Facts, Chicago, National Safety Council, 1952, p. 30. 
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is the smooth flow of material and the efficient handling of raw material, partly 
finished goods, and the finished product. The raw material may come in at one 
end, proceed smoothly through a hundred productive processes, and emerge at 
the other end as the finished article. But what of the operatives, the human 
factor, without whom no plant can be run? Few plants are designed for them; 
they fit themselves in where they can. The wheels they must turn may be out 
of reach, the tools they must handle may involve excessive strain, the levers they 
must move would often be comfortable for only the physical:y deformed. The 
paint shop may be just so, but to reach the toilets may involve a half-mile walk 
and the descent of a flight of unsafe stairs. 

This picture is hardly exaggerated; it is, in fact, all too common. Yet this 
is the basic background for many industrial accidents. The relationship between 
the factory environment and accidents, including the need for good lighting and 
good ventilation, has been pointed out by Vernon and Bedford.3 Studies in fatigue 
have also been undertaken by the same workers. The relatiomhip of fatigue to 
accidents is mentioned by Farmer.4 These concepts are now accepted as beyond 
the range of argument. Yet it is doubtful if they go far enough or if they envisage 
the kind of ruthless revaluation of the factory as a habitat for human beings that 
is necessary. In the present state of development of many industrial plants, design 
seems to be based on the theory that man is the most adaptable link in the pro
duction chain. The opposite is the truth. The innate conservatism of nature is 
everywhere around us, and not the least evident example is man himself. Whereas 
architects, construction engineers, and plant designers measure with infinite care 
the various mechanical components of industry, the time has co:ne for them to 
pay the same attention to the human material of industry. McFarland 5 has shown 
in aircraft design how important is the cockpit layout in ensuring easy and safe 
aircraft operation. If the airplane cockpit should be designed from the pilot out, 
then the same needs are manifest in the design of industrial plants from the 
workers out. This is not going to be easy. It will involve patient observation 
to find out how people behave when just going about their everyday business. 
It may involve trying to find out why people walk along one path in preference 
to another. It will inevitably involve statistical analysis to find out what sort 
of things people walk into, slip on, cause to fall on their toes, or are struck by. 
It may involve a form of streamlining as important to "human dynamics" as is 
a different form of aerodynamics. Above all, no one will get anywhere by guess
work. Nor shall we make much progress by following fashions in factory design, 
and there appear to be such fashions, for the final result may be very little like 
what we have come to expect. 

Returning to the figures presented by the National Safety Council, it is inter
esting to glance for a moment at the statistics for machinery accidents. Whereas 
in relation to all injuries machinery accidents fall into third place, in relation to 
permanent partial injury they are easily first. This type of accident figures high 

3. Vernon, H. M., and Bedford, T.: Various Studies for Industrial Health Research Board, 
Medical Research Council, London, His Majesty's Stationery Office, 1920-1935. 

4. Farmer, E.: The Causes of Accidents, London, Pitman Publishing Corporation, 1932. 
5. McFarland, R. A.: Human Factors in Air Transport Design, New York, McGraw

Hill Book Company, Inc., 1946, p. 406. 
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in compensation losses to industry, to say nothing of the permanent physical 

impairment of productive members of the population, a matter of concern in time 

of peace and of grave consequence in time of war. 

If we cannot be happy that architects and construction engineers have taken 

sufficient account of human variables in building design, the mechanical engineers 

have done little better with machine design. The main risks from machinery of 

all types were analyzed by Hepburn,6 who showed that there were accident

causing factors common to many machines. He postulated that there were 25 

such fundamental factors in machine design (Appendix). 

Hepburn does not claim that the dangers outlined in these "axioms" are of equal 

importance. The total hazard to which they give rise will depend upon their posi

tion in relation to the operative and also upon the extent to which they are involved 

in the work cycle. There are other as yet unknown factors which make machine 

parts and movements dangerous, so that they are frequent accident producers in 

one industry and comparatively innocuous in another. Statistical analysis in any 

industry, if properly applied, will reveal what parts of what machines are dangerous. 

The application of the knowledge which we can obtain by the study of accidents 

in connection with machinery poses problems which are not likely to be settled 

easily. Protection for dangerous parts cannot be achieved by the additions of 

excrescences in the form of external guards. There is, in fact, little hope of achieve

ment, unless the idea of building safety into the machine is accepted and applied 

from the earliest drawing-board stage. Unless this is done, no amount of external 

guarding will suffice to remove a hazard which may well be a part of the machine's 

very function. 

The fact that new machines are developed to perform certain functions which, 

by their very mode of operation, offer a continual hazard to the operator merely 

underlines the fact that the designer will design to the lowest specification. No one 

builds a machine to perform an operation if the cost of such operation is not com

mercially recoverable from the articles which it makes. Similarly, if the order in 

accordance with which the machine was built specified that the machine must 

not expose the operator to certain specified hazards, machine designers would 

regard this as one of the ordinary problems for their design ingenuity to overcome. 

By and large, too much blame cannot be put on the machine manufactur~r who 

produces a machine that is highly hazardous to operate, for he produces what his 

customers will buy. If his customers can be induced to demand a different product, 

the machine builder will have to provide it or give way to someone who can. How 

far we are from this ideal a glance in a machine shop will shew. McFarland has 

shown that machines are still produced which require either dangerous practices 

or physiologically difficult operations in their control. Satisfactory protection for 

dangerous parts cannot be provided by the application of clumsy external barriers, 

which may well interfere with the process, are esthetically objectionable, and are 

often unsatisfactory for the amount of space they consume. Some progress in 

relation to esthetics has certainly been made. Machine tool makers and textile 

machine makers have been among the first to satisfy the desire for equipment that 

is more pleasing to the eye, a change which has incidentally improved the machines 

from the point of view of safety. 

6. Hepburn, H. A.: Dangerous Machinery, Proc. Inst. Mech. Engrs. 152: 149, 1944. 
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The old-fashioned external guards on machinery are often removed. This is a 
universal complaint; yet it is a hardly surprising one, and whatever our reactions 
to it may be, it is a fact, and an important fact, in the over-all accident picture. 
That machine safety must be improved without impediments to the work is axioma
tic; yet many of the guards that lie about machine shops are not testimony to the 
"carelessness" of the machine operator but to the "carelessness" of the guard 
designer. For few industrial accidents are due to carelessness in the sense in which 
the word is normally used. The man who reaches under the tools of a punch press 
to remove a misplaced blank does so instinctively. The action is a straight reflex 
which, if successful, may well save his employer a thousand dollars by saving the 
tools from damage. The action may well be that cf a quick, intelligent human being 
who relies on his instinct. As was said before, the fault lies with the instinct, and 
most operatives need to be protected against themselves, for in this respect they 
are little better off than the hedgehog. 

Reflexes, it may be claimed, can be conditioned. Maybe we can develop a Pavlov 
school of industrial safety that will train human beings to stop, whereas before 
they ran, and to run, whereas before they stopped. Such a conditioning seems 
hardly likely, though, for the mechanical hazards for which reflexes are needed 
are chiefly distinguished by their unpredictability, and it is difficult to see how 
there can be built up an instinctive reaction to dangers which we cannot appreciate 
with our existing sensory equipment. Conditioned reflexes to such hazards as 
radioactive material must be firmly based on the Geiger counter. 

The alternative lies, where applicable, in providing within the mechanical 
environment itself protection for the dangers which it creates. In whole fields 
of industrial processing, human judgment has been found wanting, and machine 
safeguards are being provided. Boilers, furnaces, ovens, lifting tackle, and chemi
cal processes have built-in safety devices which obviate the possibility of human 
error. The early steam boilers were soon fitted with safety valves, and the 
modern boiler plant is controlled by a series of automatic devices that largely 
replace human controlling functions. These principles are applied elsewhere in 
industry. The modern elevator, for instance, relieves the operator of all but the 
simple,3t tasks, none of which are important to the safety of the occupants. 

The alternative to drastic and far-reaching control of our mechanical environ
ment seems to lie in vocational selection. There is no doubt that now we have the 
means of finding, measuring, and presumably rejecting the accident prone. Rela
tionships between a person's reactions to other conditions and a susceptibility to 
accidents may be demonstrated. \;Ve may well be able to show that the unsatis
factory citizen or husband or father is also likely to have accidents. 

Vv e can similarly show that excessive physical fatigue, temporary illness, or 
even temporary family disturbances can produce accidents; in fact, the information 
on why people meet with accidents is becoming formidable. Unfortunately, increases 
in knowledge as to how accident happen are, beyond a certain level, of no use at 
all in helping to prevent them. 

The selection method may be the only one offering any immediate hope, but it 
sems doubtful if it offers any permanent soluticn. Maybe in the immediate future 
we will find that the ideal employee is 7 ft. tall and has six hands, all steel. Some-
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where there is a point beyond which selection cannot go-a point at which we 
cannot reject an employee on the score of safety, simply because there is no one 
else to choose instead. 

Selection tests, too, have some inherent disadvantages. Some of the human 
failings which cause accidents are in other ways admirable qualities. The man who 
will take a chance with his own life and limb may well take that chance to save the 
blowing up of an entire plant or to protect a fellow worker. In Britain during 
World vVar II the National Safety First Association was allowed to change its 
name to the Royal Society for the Prevention of Accidents, since it was difficult 
to impress upon workers the importance of "safety first" when in the same breath 
they were being asked to go on producing with enemy bombers overhead. 

It may be theoretically possible to prevent typhoid by relying on the population 
to boil its drinking water. In practice this breaks clown, because someone some
where fails to do so. Selection tests to find the "nonboilers" in any community 
could no doubt be set up, but they would be impracticable. Today the sanitary 
engineer relies on chlorination of the main water supply for all consumers, and so 
he can forget the lazy, the feckless, the improvident, or even the daring. 

Now, then, is the time to approach the problem of the control of the mechanical 
environment. Safety engineering has every right to claim its place as a separate 
discipline, for never before were there greater opportunities of controlling the 
man-made hazards of our time. The tools of the safety engineer are potent to this 
encl, for the science of electronics offers possibilities which have. never been known 
before. That the application of all these techniques, which comprise the over-all 
discipline of safety engineering, is needed on a large scale is not widely appreciated. 
Yet the ordinary man, whether factory worker or not, can hardly lift a finger 
without in some way invoking the mechanical aids of our machine civilization, but 
he is extraordinarily ill-equipped to cope with his environment. The safety engineer 
now has the opportunity to provide as dramatic changes in the mechanical environ
ment as did the sanitary engineer recently in relation to the biological environment. 

APPENDIX 

1. Revolving shafts, couplings, spindles, mandrels, and bars. (Line and countershafts, drill 
spindles and attachments, boring bars, stock bars, and the like.) 

2. In-running nips 7 between pairs of revolving parts. (Gear wheels, friction wheels, calendar 
bowls, mangle rolls, metal manufacturing rolls, rubber breaking and mixing rolls, and 
others.) 

3. In-running nips of belts and pulley type. (Belts and pulleys, plain, flanged, or grooved, 
chain and sprocket gears, conveyor belts and pulleys, me:al coiling, and the like.) 

4. Nips between connecting rods or links and rotating wheels, cranks, or discs. (Side 
motions of certain flat-bed printing machines, Jacquard and other automatic looms, 
various other machines.) 

5. Nips between reciprocating and fixed parts other than tools and dies. (Metal planer 
reversing stops, sliding tables and fixtures, cotton spinning mule carriages and backstops, 
pillars, etc., shaping machine tables and fixtures, tool steady guide, and steady arm on 
turret lathe and others.) 

6. Nips between revolving control handles and other parts. (Traverse gear handles of lathes, 
millers, and the like.) 

7. Nips is an English expression meaning crushing hazard. 
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7. Nips between revolving wheels or cylinders and pans or tables. (Sand mixers, edge 
runners, crushing and incorporating mills, dough brakes, mortar mills, leather currying 
machines, and others.) 

8. Projections on revolving parts. (Key heads, set screws, cotter pins, coupling bolts, and 
the like.) 

9. Revolving open arm pulleys and other discontinuous rotating parts. (Pulleys, fan blades, 
spur gear wheels, and the like.) 

10. Revolving beaters, spiked cylinders, and drums. (Scutchers, rag flock teasers, cotton 
openers, laundry washers, and the like.) 

11. Revolving mixer arms in casings. (Dough mixers, rubber solution mixers, and the 
li½e.) 

12. Revolving worms and spirals in casings. (Meat mincers, rubber extruders, spiral con
veyors, and the like.) 

13. Revolving high speed cages in casings. (Hydro extractors, centrifuges, and the like.) 
14. Revolving cutting tools. (Circular saws, milling cutters, circular shears, wood slicers, 

chaff cutters, and the like.) 
15. Reciprocating tools and dies. ( Power presses, drop stamps, relief stamping presses, 

hydraulic and pneumatic presses, bending brakes, revolution presses, and others.) 
16. Reciprocating knives and saws. (Guillotines for metal, rubber, and paper cutting, 

trimmers, perforators, and the like.) 
17. Platen motions. (Letterpress printing machines, paper and cardboard cutters, and 

similar adaptations.) 
18. Projecting belt fasteners and fast running belts. (Bolt and nut fasteners, wire pin 

fasteners, and the like, woodworking machinery belts, centrifuge belts, textile machinery 
side belting, and others.) 

19. Pawl and notched wheel devices for intermittent feed motions. (Planner tool feed 
motions, power press dial feed tables, and the like.) 

20. Abrasive wheels. (Manufactured wheels, natural sandstone, and others.) 
21. Moving balance weights and dead weights. (Hydraulic accumulators, counterbalance 

weights on large slotting machines, and ·others.) 
22. Nips between traveling and fixed parts. (Traveling conveyor hoppers and tipping 

cams, bars, or other fixed parts.) 
23-. Nips between gears and rack strips. (Inker roller drives on letterpress and litho

graphic printing machines, some planing machine drives, and the like.) 
24. Cutting edges of endless band cutting machines. (Woodworking band saws, log cutting 

band saws, cloth cutting band knives, and the like.) 
25. Revolving drums and cylinders uncased. (Foundry rumblers, shakers, dough mixers 

[barrel type], varnish mixers, rag digesters, and the like.) 
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Industrial Toxicology 

THE EFFECTS ON HUMAN EYE OF RADIANT ENERGY GIVEN OFF BY VARIOUS WELDIN(; 

PROCESSES. C. C. BATES, Sheet Metal Indus ts. 29: 349-352, 357 (April) ; 435-440, 447 

(May) 1952. 

The paper begins with a detailed description of the human eye. A table of the electro

magnetic spectrum is given, and methods of radiation measurements are discussed briefly. 

Ordinary light is not injurious when not excessive; infrared radiation is a definite hazard, and 

ultraviolet is the most injur'ious. "Arc-eye" and its treatment are considered. Dark-eyed 

people in normal health are the least susceptible to radiation. Filters and other safety devices 

are described and illustrated. INDUST. HYG. DIGEST. 

AN AUTOMATIC DUST FEED APPARATUS USEFUL FOR EXPOSURES OF ANIMALS TO DusTY 

ATMOSPHERES. C. A. NAU, J. NEAL, and A. P. FREUND, Texas Rep. Biol. & Med. 10:874-
882, 1952. 

A dust feed apparatus has been used for some time for inhalation experiments on animals. 

This paper describes an improved apparatus which insures uniformity of temperature, humidity, 

and dust concentration throughout as long a period as desired. INDUST. HYG. DIGEST. 

INTRAVENOUS AGENTS DIMINISHING ACCUMULATION OF METAL loNS: l. LEAD. NORMAN 

S. MACDONALD, FLORITA EzMIRLIAN, PATRICIA SPAIN, and DONALD E. RouNDS, UCLA-

229, Oct. 17, 1952. 

A preliminary search for readily available chemical agents, suitable for intravenous adminis

tration and possibly of use in therapy of poisoning by metals which accumulate in bone, was 

carried out. Young rats received intravenous injections in dosages of 25 mg. of Pb ++ per 

kilogram of body weight, followed one-half hour later by an injection of the chemical agent. 

After one day, the femurs and livers were removed and analyzed for Pb ++ by a polarographic 

technique. The same agents were also tested by administratior: one-half hour before the lead. 

The materials tested were the tetra sodium salt of ethylenediamine tetraacetic acid, casein 

hydrolyzate, pectin, a copolymer of methyl vinyl ether and maleic anhydride, glucuronolactone, 

oxypolygelatin, polyvinyl pyrrolidone, dextran, sodium thiosulfate, and a hydrolyzed polyacryl

onitrile. The first four agents significantly reduced the bone burden of lead, and the first seven 

agents showed enough promise to merit further detailed evaluation. The liver burden of lead 

also tended to decrease in the cases in which the bone burden was lowered. 

NucLEAR Ser. ABsT. 

BENZENEMIA. S. TARA, LAMBERTON TRUFFERT, Y. DELPLACE, and A. CAVIGNEAUX, Sang 

24:1, 1953. 

Benzene was detected in the blood of 132 patients, out of a total of 271 with mild chronic 

benzene poisoning. Diagnosis cannot be based on a laboratory test which is negative and in dis

agreement with the clinical findings in 50% of the cases. Tests of 104 controls, who had no 

occupational contact with benzene, proved positive for benzenemia in 37 cases or 35%, showing 

that the presence of benzene is not always occupational in origin. Faulty laboratory methods 

and materials may lead to error by introducing benzene into the blood either while it is being 

withdrawn or during the tests. Illuminating gas, cigarette lighters, mothproofing compounds 

containing paradichlorobenzene, synthetic flavorings and perfumes (bitter almonds), petrolatum, 
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and similar products may all constitute nonoccupational sources of contamination. Paradoxical 
variations in the benzene content of the blood in patients with benzene poisoning suggest the 
possibility that benzene, like lead, is fixed somewhere in the body and may be liberated from 
time to time. Efforts are now under way to discover the constituents of the body, in general, 
and of the blood, in particular, which fix benzene; if they can be determined, final eradication of 
occupational diseases of the blood caused by benzene will be possible. 

GASES AND FuMES IN WELDING OF FERROUS METALS. W. HuMMITZSCH, Werkst. u. Betrieb. 
85: 15-16, 1952. 

In oxyacetylene welding, normally CO, and water vapor are the combustion products, but 
sometimes nitrous gases can also occur from the N2 contained in small amounts in bottled 02. 
Under certain conditions they can attain 0.0025 vol. %, which is already fatal after 30 to 60 
minutes' breathing time. In arc welding, harmful gases and fumes can originate from the constit
uents of the electrode coating, especially if they contain lime-basin materials (fluorspar) which 
may develop fluosilicate. The fumes developed from the metals are usually harmless, the grain 
size of the dust being for Fe smoke 10 mµ, CaF2 10 mµ, SiO2 25 mµ, a bare wire 30 mµ, and a 
coated wire SO to 150 mµ. The susceptibility of welders to silicosis or other lining injuries was 
very low. The usual protective measures now in force are quite satisfactory. 

M. HARTENHEIM [CHEM. ABST.]. 

CADMIUM POISONING IN INDUSTRIAL OPERATIONS. Bi:iNGI, Werkst. u. Betrieb. 85:234, 1952. 
Attention is called to the possibility of poisoning by cadmium vapors (m.p. 320.9 C., b.p. 

767 C.) as Cd is used more and more, e. g., in solders, pigments, as deoxidation agent for metal 
baths, etc. According to Swedish investigations, amounts of 0.003 mg. of Cd in 1 liter of air 
are sufficient to produce chronic poisoning. Protective measures should mainly consist m 
exhausting of the fumes. 

M. HARTENHEIM [CHEM. ABST.]. 

THE ToxICITY OF GAMMA-BENZENE HEXACHLORIDE. H. PETRY, Zentralbl. Arbeitsmed. u. 
Arbeitsschutz 2: 107'-112 (July) 1952. 

The case here recorded is believed to be one of poisoning through the inhalation of gamma 
benzene by a man who was assumed to have had a sensitivity to the chemical. The patient, a 
healthy baker, aged 44 years, used 200 to 250 gm. of a proprietary powder containing about 
3% of gamma benzene for dusting his bakehouse to destroy insects. About 15 minutes later he 
suddenly experienced severe difficulty in breathing, and the physician who saw him at once 
recorded that the patient had severe cardiac and cerebral disturbance. The breath of the patient 
ha1 the odor of the insect powder. A day later he had severe and frequent vomiting, and there 
developed a motor weakness of the whole of the left side of the body and paresthesia of the 
left arm and both legs. These symptoms gradually receded, but even after some weeks there 
were some residual signs of involvement of the nervous system and of the myocardium. Some 
clinical particulars are given. 

Studies on the toxicity of gamma benzene for animals are shortly described. Few examples 
of the toxicity of gamma benzene for human beings have been recorded, and these consist 
mostly in reports of the irritant action of the chemical on the skin, eyes, nose, and mucous 
membranes. These resports are compared with the accounts of the much greater toxicity of 
chlorophenothane (DDT). 

It is suggested that gamma benzene might prove to be much more toxic for animals than has 
been shown to be the case hitherto if it were administered by inhalation. 

M. E. DELAFIELD [BULL. HYG.]. 

EXAMINATION OF LEAD LINE IN ULTRAVIOLET LIGHT. F. DANGL, 0. FRANK, and V. LACHNIT, 
Zentralbl. Arbeitsmed. u. Arbeitsschutz 3:6 (Jan.) 1953. 

The lead line at the gums of patients with lead poisoning represents a deposit of lead sulfide 
which results from the action of hydrogen sulfide, present in the mouth (particularly if teeth 
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are not kept clean), on the lead albuminate excreted by the capillaries of these patients. This 
results in a bluish black discoloration at the edge of the gum. 

Stimulated by reports of several investigators on fluoresc.ence phenomena in the oral cavity, 
particularly the red fluorescence of dental tartar, Dang! and asscciates examined the gums of 
persons with and without lead poisoning under ultraviolet illumination. In a definite lead line 
there appeared under the ultraviolet light a dark zone which differed from the bluish fluorescing 
gums. In one patient with lead poisoning, the dark line was seen to gradually disappear while 
he received treatment for lead poisoning. In doubtful cases, a narrow lead line could be clearly 
differentiated from dental tartar under the ultraviolet light. In some cases in which exami
nation under ordinary light suggested a lead line, examination under ultraviolet light clearly 
demonstrated merely the red fluorescence of dental tartar. 

The authors admit that the bismuth line, which may develop in patients receiving bismuth 
in the treatment of syphilis, cannot be differentiated from the lead line under ultraviolet light, but 
the occupational and clinical history should explain whether lead or bismuth or mercury is the 
cause. 

The examination of the gumline under ultraviolet light will be especially helpful in persons 
exposed to lead who do not as yet exhibit other signs of lead poisoning. 

ASPECTS OF THE PROGNOSIS FOR CHRONIC CADMIUM POISONING. L. FRIBERG and A. 
NYSTROM, Svenska lak. 49:2630-2638 (Oct. 24) 1952. 

In 1946 and 1947 workers in an alkaline accumulator factory were found to be suffering 
from chronic cadmium poisoning-a disease hitherto not described. A preliminary report was 
published on the subject by Friberg in 1948, and a more detailed report in 1950. Most of the 
43 workers presented one or several signs of cadmium poisoning to which they had been exposed 

for many years. Analyses of the air in the workshops showed 3 to 15 mg. of cadmium per 

cubic meter of air. The signs of cadmium poisoning included dyspnea, cough and lassitude, and 

in many cases an impaired sense of smell. Spirometric examinations of the lungs showed signs 
of emphysema in about one-third of the cases, but roentgenological examinations failed to reveal 

pneumoconiosis. Proteinuria was found in about two-thirds of the cases. 

Late in 1951 and early in 1952 a follow-up examination of these workers was undertaken by 

the Industrial Medicine Department of the Karolinska Hospital. Five of the 43 workers were 

found to have died, and in at least two of these cases the cause of death was probably chronic 
cadmium poisoning. Emphysema of the lungs was very marked in one of these cases. The 

immediate cause of death was infarct of the heart in two cases, and acute pancreatitis in the 

fifth case. The surviving 38 workers had for the most part been transferred to other parts of 

the factory where there was no risk of cadmium poisoning, but a• ong them were 5 in whom 

definite progress of the disease was shown. On the whole, though, there had been no marked 

change in the patients' symptoms. So, though no new cases of chronic cadmium poisoning were 

likely to occur, seeing that exposure to cadmium poisoning had been reduced to a minimum in 
the factory, the workers who had already contracted this disease were likely to continue to 

suffer from it, although they would undoubtedly benefit from the precautionary measures 
taken since 1947. CLAUDE LILLINGSTON [BULL. HYG.]. 

Environmental Conditions 

AIR POLLUTION ABATEMENT MANUAL: CHAPTER 8 (MANUAL P-9), THE METEOROLOGY OF 
AIR POLLUTION. E. NEIL HELMERS, Manufacturing Chemists Association, Inc., 1953. 

The applications of meteorology to air-pollution control include be following: determination 

of requirements for emisison reduction, stack design, planning and interpretation of surveys, 

site selection, and meteorological control. The manual describes the general concepts of macro
and micrometeorology and their relationships to air pollution. Turbulence is presented as a 

major factor in the dilution of atmospheric contaminants, and pa;ameters of turbulence are given. 
The working formulas of Sutton and Bosanquet and Pearson for estimating ground-level 

concentrations from point sources are presented; their applicability and limitations are discussed, 
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and comparisons are made with the results of field studies. The maximum concentration down
wind from a point source of gas is independent of turbulence (based on Sutton's assumptions) 
and is inversely related to the square of the effective stack height. Sutton's modifications show 
considerable increase in aerosol concentrations, with decreased turbulence and an inverse relation
ship between concentration and the first power of the effective stack height. Modifications of the 
working formulas for line and multiple sources are also presented. Important considerations 
are listed for air-pollution surveys, site selection, and meteorological control. 

R. D. COLEMAN, Boston. 

Arn POLLUTION ABATEMENT MANUAL: CHAPTER 11 (MANUAL P-12), EVALUATION OF DATA. 
LLOYD L. FAULK, Manufacturing Chemists Association, In,:., 1953. 

The manual presents evaluation of data as a multisided problem involving the data and 
objectives of evaluation. Evaluation is divided into two broad categories, statistical and com
parative, which are not mutally exclusive. Brief mention is made of the "t" test of statistical 
significance and the use of probability plots in predicting frequencies. Reference is made to the 
effects of methods of data collection on misinterpretation and the need for experience in evalu
ation by comparison. Some data are given for comparative purposes. 

R. D. COLEMAN, Boston. 

Arn POLLUTION ABATEMENT MANUAL: BIBLIOGRAPHY, CHAPTER 12-APPENDIX. GEORGE 
F. JENKINS, Manufacturing Chemists Association, Inc., 1953. 

The bibliography is a well-organized presentation of the important work applicable to the 
field. References are listed by general and detailed subject classifications, and the organization 
and classifications used simplify the use of this publication. R. D. COLEMAN, Boston. 

AsH AND ATMOSPHERIC POLLUTION. A. FITTON, J. Inst. Fuel, 25: 178-181 (July) 1952. 

This paper is one of a series on "A Special Study of Ash and Clinker in Industry" for the 
London Conference. It gives some indication of the source and magnitude of atmospheric 
pollution by ash and its associated grits. Methods of measuring the concentration of fly ash in 
flue gas and of particle size determination are briefly outlined. Methods of reducing atmospheric 
pollution by means of plant design and control and by the use of dust-extraction equipment 
are surveyed. The size, nature, and amount of ash emitted into the atmosphere can vary 
enormously according to the type of coal, the type of combustion unit, and whether or not a 
dust- extractor plant is employed. Installations described are typical of the progress being made 
in fly ash prevention and removal, particularly in modern generating stations and the larger 
industrial plants. 

INDUST. HYG. DIGEST. 

SOME EFFECTS OF INTENSE SouND AND ULTRASOUND ON THE EAR. E. D. D. DICKSON, Proc. 
Roy. Soc. Med. 46: 139 (March) 1953. 

Noise is unwanted sound; more precisely, audible air-borne vibrations which produce a 
subjective impression of unpleasantness and discomfort to the listener constitute noise. The 
degree of annoyance depends on the sound-pressure level, the frequency distribution of the 
complex sound field, the duration of the sound, and the rnsceptibility of the listener. After 
defining sonic, ultrasonic, and supersonic sound frequencies and decibels as measures of 
intensity, Dickson says that he designates as intense sound that which is perceived by some 
sense other than hearing. For example, nasal cavities, sinuses, and the opened mouth may 
resonate strongly in an intense sound field. At 120 db. all air-borne sound stimulates 
significantly the sense of touch, especially if it is assistec. by resonance of some particular 
structure. At 120 db. we begin to feel sound, and the ear experiences discomfort. 

Wave analyzers are used to• ascertain the component frequencies in a complex sound wave. 
It is possible to use a narrow band filter of 5 cps by which the frequency range is covered 
in 5 cycle intervals. It is quicker and more practical, however, to use filters of wider band 
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width. To measure the over-al! sound pressure level a sound-level meter is used. The afore
mentioned methods are used in evaluating frequencies in the sonic range; for the analysis of 
frequencies in the ultrasonic field, more complicated equipment is needed, which is still being 
developed. 

The effect of intense sound on auditory functions and the pathologic changes resulting 
from intense sound and ultrasound are discussed. 

Noise can impair hearing by its intensity as well as by its duration. The intensity scale of 
sound is of more importance than the frequency scale when considering the hazards of sound. 
The intensity has been considered the most important factor in the causation of vestibular 
disturbance. There is no evidence at present to indicate that air-borne ultrasonic vibrations 
constitute a hazard to hearing. Experimental, though limited, work in this field has so far 
been negative. Impairment of hearing can be gradual in development, with the high tones 
being affected first; while the loss is at first reversible, prolonged exposure leads to irreversible 
changes. Every endeavor should be made to limit noise by considered distribution of machinery, 
by sound proofing, by bedding of equipment, and particularly by protection of the ears. 
Resulting deafness in noisy occupations should be termed an occupational hazard, and persons 
in such occupations should have their hearing checked periodically. 

Determination of Air-Borne Contaminants 

INSTRUMENTATION FOR DETECTION OF STACK EMISSIONS. G. R. HAHN, Combustion 24:67-70 
(Dec.) 1952. 

Four methods for observing stack discharge are reviewed briefly; these include direct obser
vation, use of a mirror system, the common smoke indicator employing a photoelectric cell, 
and use of a television camera trained on the stack. An installation of the last method is 
described, including precautions to prevent dust from collecting on the camera lens. In this 
installation, a viewing monitor is located in the plant superintendent's office and another in the 
control room. This method is necessarily limited to daylight operation. It is supplemented 
by an arrangement of a photocell and a light source, actuating a recorder and an alarm. The 
air is also continually sampled for sulfur dioxide. Stack design, the effect of meteorological 
conditions, and some control methods are discussed. INDUST HYG. DIGEST. 

AN INSTRUMENT FOR DETERMINING THE ELECTRIC CHARGE DISTRIBUTION IN AEROSOLS. 
T. GILLESPIE and G. 0. LANGSTROTH, Canad. J. Chem. 30: 1056-1068 (Dec.) 1952. 

The authors describe an instrument developed to permit measurement of the electric charges 
on a relatively large number of particles during a comparatively short period in the history of 
an aerosol. Construction and theory of the instrument are described, and results of tests are 
given to show that the theory is applicable. The use of the instrument is illustrated by an 
account of a preliminary study of the charge, distribution in a silica dust aerosal at various times 
after generation. Tables, diagrams and charts accompany the paper. 

BATTELLE TECH REV. [INDUST. HYG. DIGEST]. 

Ventilating, Air Conditioning, and Engineering Control 

DESIGN VELOCITY IN INDUSTRIAL EXHAUST SYSTEMS. ARTHUR C. STERN, New York State 
Department of Labor Monthly Review 32 Jan.-Feb., 1953. 

A method for computing the most economical velocity is outlined, and it is shown that with 
certain cost assumptions this velocity lies in the range of from 100 to 1,750 fpm for exhaust 
systems having entrance and exit velocities substantially the same. 

A method for computing system balance ratio is outlined. 

It is shown that noise creation is no deterrent to the use of branch inlet velocities up to 
6,000 to 10,000 fpm and main discharge velocities up to 3,000 to 5,000 fpm. 

\uu,1 ., 



542 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 

The requirements for maintaining dust transport velocity and the abrasive action of the 
high transport velocity are discussed. 

A general procedure for selecting design velocity is outlined for exhaust systems which 
handle dust and those which do not. FROM THE AUTHOR'S SUMMARY. 

INDUSTRIAL HYGIENE IN THE PAINT FACTORY. ARTHUR C. STERN and LEON D. HOROWITZ, 
New York State Department of Labor Monthly Review 32 Feb., 1953. 

Although the use of lead in paints has decreased, it nevertheless remains the most important 
health hazard. Several precautionary measures for minimizing ingestion of toxic powders are 
presented. Since inhalation hazard is considered more important than ingestion hazard, the 
authors discuss more fully dust and vapor control in various handling and mixing operations. 

PHILIP LA TORRE, Boston. 

SOME FACTORS AFFECTING THE CHOICE OF FANS FOR MINE VENTILATION. I. H. MORRIS 
and F. B. HINSLEY, Tr. Inst. Min. Engrs. 111:489-508 (May) 1952. 

Great advances have been made in the design and construction of mine fans during the past 
30 years. Centrifugal fans are being replaced by highly efficient fans of the axial-flow type. 
Yet recent designs of centrifugal fans are giving efficiencies as high as those obtained with 
axial-flow fans, and interest in centrifugal fans is being revived. This paper gives the results 
of laboratory tests made on typical fans and includes a discussion of the application of such 
fans in the ventilation of mines. The main surface fan at a mine should be capable of efficient 
operation against a wide range of resistances. This is difficult of attainment, but modern 
designs go far toward providing the desirable flexibility. 

Some of the data presented were obtained from experimental work on a variable-pitch 
axial-flow fan when operated as a two-stage or as a one-stage unit. This fan gave a com
paratively poor performance when running in reverse. The effect of varying the pitch of the 
blades is mainly on the volume of air passed, for the effect on fan pressure is inappreciable. 
In reverse running, increase in the pitch of the blades does not necessarily cause an increase in 
the volume of air passing. The significance of the characteristic curves of the axial-flow fan 
in relation to mining use is explained. Experimental work on a small aerofoil-bladed centri
fugal fan showed total fan efficiencies of more than 82'70 

Suggestions are made regarding the type of information needed by mining engineers when 
considering the choice of fans. The factors affecting this choice are many and varied. 

The paper provoked an interesting discussion, the account of which should be read with 
the paper. 

THOMAS BEDFORD [BULL. HYG.]. 

HYGENIC PROTECTION IN LEAD STORAGE BATTERY FACTORIES. FORTUNATO M. TROISI, Rass. 
med. indust. 21: 49-61, 1952. 

Troisi discusses the dangers in each step of manufacturing and the hygenic measures for 
counteracting these in Italian lead storage battery factories where much of the work is manual. 

C. s. PR:CKETT [CHE.M. ABST.]. 

Accidents and Their Prevention; Protective Equipment 
HANDLING LIQUID HYDROGEN SULFIDE. W. 0. BICE, F. PRANGE, and R. E. WEIS, Indust. 

& Engin. Chem. 44: 2497-2500 (Oct.) 1952. 

The authors describe the methods of handling liquid hydrngen sulfide in the Phillips 
Petroleum Company's plant for the manufacture of tertiary alkyl mercaptans. Most of the paper 
deals with choice of materials for vessels, pipes, and other construction so as to avoid corrosion 
and other damage, but protection of personnel is also featured. Prevention of leakage, personal 
protective equipment, and education of employees in hazards and in first-aid are discussed. 

lNDUST. HYG. DIGEST. 
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THE CARBON MONOXIDE HAZARD IN WATER RECARBONIZATION. RICHARD D. SCHAFER, 

Water & Sewage Works 99: 266-268, 1952. 

Gas-fired burners used to produce CO2 for recarbonation . may provide sources of CO 

exposures to H2O-plant operators through improper fuel-air ratio in the burner, poor fitting 

manholes in the recarbonation chamber, and lack of proper gas vents. Protective measures 

include burner adjustment to produce a clean blue flame, gas-tight recarbonation chambers, 

adequate vents, and provision of respiratory protective devices for emergency use. 

C. L. CAMPBELL [CHEM. ABST.]. 

TESTING INDUSTRIAL DusT RESPIRATORS. A.H. VosSENAAR, Staub 28: 47-74 (March 15) 1952. 

This is a general article which includes details about a dust-mask testing plant developed 

by the Dutch state coal mines. In the introduction it is stressed that masks are necessary evils 

and should not be used as substitutes for other dust suppression techniques. They should be 

tested under conditions as similar as possible to those arising in practice. This concerns the 

type of dust used for testing and the duration of each test, which should last several hours; it 

is also most important to measure the resistance continually. A conventional review of dust

measuring instruments is given, and an improvement is mentioned which the author made to the 

Owens jet dust counter by incorporating a controlling spring. Surface parameters (Tyndall

ometer) or microscope size counts are preferred to gravimetric dust measurements. 

After reviewing various unsuccessful or partly successful installations and pointing out 

their defects, the author describes the plant now in use in the Netherlands. The dusts used 

are ground sandstone and loess. These are fed into the apparatus continuously by suction 

produced by a compressed air ejector. A cyclone and settling chamber remove the particles 

above 6 microns, µ, and by adding a clean air supply dust concentrations can be varied. The 

usual flow rate is of the order of 10 liters per minute and the test cloud contains approximately 

100,000 particles per cubic centimeter or less. Dust measurements are made with thermal 

precipitatiors and a Pulfrich photometer. 

The mask itself is tested in the main test chamber, the dimensions of which are not given, 

either by continual suction or by an artificial-lung type of intermittent suction, usually at a 

rate of 19 times 1: liters per minute. The pressure drop across the mask as well as dust con

centrations just before and behind the mask can be measured. 

Of the different types of masks tested, rubber sponge types were found to be worst, especially 

when wet. Test data for good masks in use in the mines now are given. General remarks deal 

with different types of outlet valve and with the desirability of avoiding dead space as much as 

possible when constructing a mask. Finally, a number of papers dealing with masks giving a 

fresh air supply at a fixed point are discussed. G. NAGELSCHMIDT [BULL. HYG]. 

CAUTION WITH ALUMINUM DusT: AN UNEXPECTED REACTION WITH EXPLOSION. K. FLICK, 

Zentralbl. Arbeitsmed. u. Arbeitsschutz 3:9 (Jan.) 1953. 

Flick reports that in the summer of 1951 two oxyhydrogen gas explosions occurred in a 

small factory using a dip containing, in addition to glues of vegetable origin, water, potassium 

nitrate, barium nitrate, sulfur, and aluminum dust. Nascent hydrogen probably formed from 

the reaction of water with the aluminum dust, and this, in turn, being highly rea_ctive was capable 

of reducing the nitrate groups. The first step in the reducing process, the formation of nitrite, 

must have already rendered the mixture weakly alkaline. Further action of the nascent hydro

gen must have resulted in the formation of oxyhyclrogen and caused the two explosions. One 

explosion occurred during the night and the second one during the work period; they resulted 

in the severe burning of four workers, three of whom died on the clay of the explosion and the 

fourth one several weeks later. 

Tbe results of the investigations deserve attention in fact,)ries using light metals, either in 

a finely granulated form or as dust. 
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Legal Medicine 
CHROMIUM ECZEMA AND THE INDUSTRIAL DrsEASE LAW. E. SKOG and N. THYRESSON, 

Svenska lak. 49:2345-2352 (Sept. 19) 1952. 

During 1951 compensation was paid to 63 workers in Sweden for illness due to chromic acid 
or its compounds. In all but one of these cases the disability compensated for was "allergic 
contact eczema." During the period 1948-1951, as many as 3,287 patients suffering from eczema 
were examined at the Skin Department of the Karolinska Hospital by cutaneous tests, and when 
these were carried out in a search for chromium poisoning, a 0.5% watery solution of potassium 
bichromate was employed. The table in which these tests are classified shows that sensitivity 
to chromium headed the list for men with 13.1 %, whereas in the case of women this condition 
took third place with 5.7%, sensitivity to formalin coming first with 12% and to nickel sulfate 
second with 8.8%. Among the above-mentioned 62 eczema patients were 53 whose eczema was 
easily traced to chromic acid or its compounds. Among the remaining nine patients were six 
whose eczema was due to contact with chromium-tanned gloves. 

Till 1950 there was considerable obscurity over cement eczema and its association with 
chromium hypersensitivity. In this year Jaeger and Pelloni showed that cement contains very 
small quantities of chromium-an observation confirmed in 1952 by Spier and Natzel, who found 
chromate in most of the German samples of cement examined. Swedish cement has been found 
to contain up to 0.002% of chromate. Skog and Thyresson have found hypersensitivity to 
chromium in 68% of the patients whom they examined on account of their cement ezcema. 
They conclude that chromium allergy is a quite common condition among male workers employed 
in certain industries, notably cement production. CLAUDE LrLLINGSTON [BULL. HYG.]. 

Radioactive Substances and X-Ray 
RADIATION INHALATION STUDIES IN RATS. S. H. COHN, R. K. SKOW, and J. K. GONG, 

Federation Proc. 12:312 (March) 1953. 

Radon and its products constitute a hazard in the mining of uranium ore. Past evaluations 
of this hazard to the respiratory tract have not taken into account the radiation dose received 
from the inhalation of radon decay daughters in the atmosphere in equilibrium with the radon. 
The purpose of the present study was to compare the effects of the two sources by animal studies. 
The radiation dose from the inhaled radon was found to be insignificant in comparison with the 
radiation dose from the decay products RaA, RaB, RaC, and RaC', which is accumulated in 
the lungs. There is an unequal distribution of radon fission products within the lung, apparently 
as a function of the size of the dust particle upon which the daughter products are deposited. 
Following inhalation of a radon-and-daughter equilibrium atmosphere, only a small amount of 
the total activity in the respiratory system was found in the trachea and large bronchi. Most 
of the activity was found in the remainder of the lung. INDUST. HYG. DIGEST. 

THE LATE EFFECTS OF INTERNALLY DEPOSITED RADIOACTIVE MATERIALS IN MAN. JOSEPH 
C. AuB, ROBLEY D. EvANs, Lours HEMPELMANN, and HARRISON S. MARTLAND, Medicine 
31: 221-329 (Sept.) 1952. 

Case histories of 30 persons in whom Ra, alone or in combination with mesothorium, had 
been deposited internally are presented. Most of these persons were exposed at least 25 years 
ago. The Ra deposited in the body of each person was measured by standardized techniques. 
Physical characteristics observed are summarized, and the role of internally deposited radio
active materials in mortality rate, incidence of illness, and severity of symptoms during illness 
of surviving patients is discussed. The biological and physical properties of Ra and mesa
thorium are reviewed, and the physical aspects of Ra and mesothorium toxicity are discussed. 

NucLEAR Ser. ABsT. 
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INVESTIGATIONS INTO THE PROBLEM OF RADIUM POISONING: Vl. RESULTS ON ELIMINATION 

OF RADIOACTIVE SUBSTANCES FROM THE HUMAN BODY FOUND IN Two RADIUM 

POISONING CASES. B. RAJEWSKY and H. MUTH, Strahlentherapie 88:261-275, 1952. 

In two cases of Ra poisoning, one arising from inhalation of the products of a Ra-Be neutron 

sources explosion and the other from intravenous injection of a Ra solution in a suicide attempt, 

the Ra excretion in stool and urine was followed during the first week after the poisoning. 

Estimated excretion coefficients are tabulated and graphed. NUCLEAR SCI. ABST. 

LESIONS THROUGH EXPOSURE TO X-RAYS AND RADIUM RAYS IN THE MEDICAL PERSONNEL 

IN YUGOSLAVIA. MrnosLAV FLEISCHHAKER, Arhiv. hig. rada 3:319-47, 1952. 

The author discusses the results of periodical examinations of physicians and auxiliary 

medical personnel occupationally exposed to x-rays and radiun:: rays during the period from 

1946 to 1951. Two hundred nine persons were examined, and 700 complete hematological 

examinations were carried out. The frequency of occupational lesions is shown in tables. 

The following facts of significance were found: 

1. Auxiliary personnel showed greater frequency of lesions of the hematopoietic organs than 

did physicians. 

2. A strikingly low number of lesions of the hematopoietic organs was found in persons who 

had suffered x-ray skin lesions (3 in 28). 

3. When there was a lesion in the hematopoietic organs, there was also a tendency toward 

leucopenia, neutropenia, and relative lymphocytosis, In absolute number of lymphocytes there 

are large numbers of lymphopenias. The monocyte findings were often on the upper limit of 

normal. Morphological changes of leucocytes were found. Lower hemoglobin values were 

found in all patients. 

4. The clinical picture of lesions of hematopoietic organs was predominantly light and transi

tory; hence, exposed persons should have frequent blood checks. 

5. Out of 105 physicians, 24 suffered from skin lesions ; out of 104 auxiliary medical 

personnel, 4 showed skin lesions. 

6. The conclusion is reached that protection of the medical personnel is not yet up to the 

standards of the Regulation on Protective Measures relating to work with x-rays and radio-

active material. CONDENSED FROM ENGLISH SUMMARY. 



News and Comment 

BRITISH OCCUPATIONAL HYGIENE SOCIETY 
A new Society for the promotion of the science of occupational hygiene-the British Occu

pational Hygiene Society-was inaugurated at the London School of Hygiene and Tropical 
Medicine on April 27, 1953. 

The founder members of the Society include. engineers, chemists, and physicists as well as 
medical men who are concerned with the maintenance of healthful conditions of work. By thus 
providing a forum where those engaged in the practice of occupational hygiene or in research 
into its problems can discuss these matters together, the new Society will satisfy a long
standing need. 

The first President of the Society is Dr. T. Bedford, Director of the Environmental Hygiene 
Research Unit of the Medical Research Council at the London School of Hygiene and Tropical 
Medicine; Prof. E. J. King, Professor of Chemical Pathology in the University of London, is 
the President-elect. The Secretary is Mr. P. C. G. Isaac, Lecturer in Public Health Engineer
ing at King's College, Newcastle upon Tyne. The Treasurer is Mr. D. E. Hickish, of the 
Department of Applied Physiology at the London School of Hygiene and Tropical Medicine. 
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Absenteeism 
industrial, problem [abstract], 426 
11aid sick leave and [abstracts]. 170 
sickness absence recording in industry [abstract), 

169 

Accidents 
industrial : control of environment in prevention 

[Harvey], *529 
Acetone 

poisoning, acute, caused by setting fluid for 
immobilizing casts [abstract], 263 

Acetylene 
new federal order 'on [abstract], 273 
production and use, accident exJ)erience and pre

vention [abstract), 265 
production and use, danger to worker in [ab

stract), 266 

Acid : See under names of specific acids, as Sulfuric 
Acid 

Adrenals 
cortical depression in silicotics : critical observa

tions and clinieal findings [abstract]), 176 

Aerosols : See also Air; Dusts; etc. 
analysis, molecular filter membranes in [abstract), 

447 
instrument for determining electric charge distribu

tion In [abstract], 541 

Africans 
mine laborers, responses to heat stress: usefulness 

of Indices for predicting [Wyndham & others], 
•221 

working efficiency in heat: effect of various satu
rated air tem])eratures, wind velocities, and 
rates of work (Wyndham & others), •234 

Age, Old : See Old Age 

Agricultural Workers 
farmer's lung: review [abstract], 435 
skin hazards from fertilizers and pesticides [ab

stract], 438 

Air 
aerosols, bag filtration [abstract]. 270 
aerosols : influence of particulate matter on eye 

irritation produced by volatile Irritants and 
im11ortance of particle size in atmospheric pollu
tion [abstract], 268 

aerosol particles, physical behavior in atmosphere 
[abstract], 79 

compressed : See Caisson Disease 
Pollution Abatement Manual [abstracts], 539, 540 
11ollution : and cancer of lung [abstract], 81 
110Uution : control of metallurgical and mineral 

dusts and fumes In Los Angeles County, Callf. 
[abstract), 180 

pollution: Detroit-Windsor study [abstracts], 359 
pollution: legislation: rational approach [cor

respondence], 255 
11oilution : planning study to determine effects on 

health:· review of methodology [Peart & ,Josie], 
*326 

pollution: by smoke and gases: cumulative anno• 
tated bibliography [abstract], 80 

pollution in soft coal basin of Most-Usti [abstract], 
447 

Air-Continued 
sampling: comparative results of simultaneous 

sampling by means of thermal preci1iitator, 
midget impinger, and Soxhlet thimble (abstract], 
270 

sampling: des.Igo of new 5-stage cascade Impactor 
[Wilcox], *376 

sampling: de~ermination of mass concentration : 
electrical sampling p·ump for use with volatile 
filters [abstract], 84 

sampling: errors and limitations of P. R. U. hand
pump outfit [abstract], 180 

sampling: field equipment for collection and evalua
tion of toxic and radioactive contaminants [Harris 
& others], *490 

sampling: intrumentation for detection of stack 
emissions [abstract], 541 

sampling: with membrane filters [First & Sllver
man], *l 

sampling: new method for monitoring air-borne 
dust [Holt & Chalk], *404 

sampling: notes on preparation of dust sam1ilcs 
for microscopic sizing [First], *58 

sampling : portable electrostatic preclpltator 01ier
ating from llO rnlts A. C. or 6 rnlts D. C. 
[Hosey & .J.Jnes], *49 

sampling: transport jerks and results of Bausch & 
Lomb dust counter [abstract], 181 

Air Conditioning: See also Ventilation 
bacteria and odor control problem in occupied 

spaces [abstract], 269 
environmental conditions within jute mills 

0

[ab
. stract], 270 

Alcoholism 
problem drinker in industry [abstract], 68 

Aldrin 
observations o;:i toxicity: growth and estrus in rats 

[Ball & others], *292 

Allergy : See also Asthma 
and industry [abstract], 429 

Aluminum 
dust, explosion [abstract], 543 

Ambl'Ose, A. M. 
Toxicological and pharmacological studies on 

chlordane, *197 

Amdur, M. 0. 
Rapid determination of lead in old urine samples, 

*277 

American Industrial Hygiene Association, 86 

American l\iedical Association 
Council on Industrial Health News Letter, 186 

· program of annual session, 365 

Amino Acids 
adsorption on quartz [Dale & King], *484 

Ammonia 
anhydrous: safe handling [abstract], 272 
fumes, chronic toxicity by inhalation [abstract], 

263 

Ande,·son, H. H. 
Comparative toxicity of synthetic and natural 

glycerin, *282 
Toxicology and safe handling of CBP-55 (technical 

l-chloro-3-bromopropene-l), *ll8 

Aniline 
carcinogenic action of 4-aminodiphenyl and 3,2-

climethyl-4-aminodiphenyl [abstract], 177 
poisoning, experimental : relation between methemo

globinemia and catalasis in [abstract], 77 
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Anoxia : See Oxygen, deficiency 

Anthraeosilicosis : See Pneumoconiosis 

Antimony and Antimony Compounds 
antimony poisoning in industry [Renes], *99 

Apparatus 
air sampling with membrane filters [First & Silver

man], *l 
automatic dust feed apparatus for exposure of 

animals to dusty atmospheres (abstract], 537 
design of new 5-stage cascade impactor [Wilcox], 

*376 
field equipment for collection and evaluation of 

toxic and radioactive contaminants [Harris & 
others], *490 

instrumentation for detection of stack emissions 
[abstract], 541 

new method for monitoring air-borne dust [Holt 
& Chalk], *404 

portable electrostatic precipitator operating from 
110 volts A. C. or 6 volts D. C. [Hosey & Jones], 
*49 

procedure for weighing fluted filters with use of 
aluminum-foil envelopes [Humphrey & Morgan], 
*402 

space and labor-saring devices in industrial dis
pensary: portable clinical laboratory equipment 
for field use [Felton], 0 413 

Arsenic and Arsenic Compounds 
arsenical melanosis and silicosis in glass worker 

[abstract], 438 

Asbestosis: See Pneumoeoniosis 

Ashe, W. F. 
Behavior of mercury in animal organism following 

inhalation, *19 

Ashworth, B. J. 
Blood and urine changes in experimental beryllium 

l)Oisoning, *319 

Asthma 
occupational, due to gum arabic in printing office 

worker [abstract], 261 
printers' [abstract], 74 

Atmosphere : See Air 

Atomic Energy: See also Radioactivity 
ventilation and heating problems in establishments 

[abstract], 85 

Back: See also Spine 
strains in brickmaking [abstract], 42~ 

Bagasse 
disease of lungs : review of literature and report 

of 2 cases [abstract], 432 

BAL : See Dimerca11rol 

Ball. W. L. 
Observations on toxicity of aldrin : growth and 

estrus in rats, *292 

Baritosis : See Barium 

Barium 
baritosis: re1rnrt of case [Pendergrass & Greening], 

*44 

Batchelor, G. S. 
Survey of insecticide spray practices used in fruit 

orchards of north central Washington, *399 

Belknap, E. L. 
Use of calcium ethylenediaminetetraa.cetate in case 

of lead intoxication, *148 

Bends : See Caisson Disease 

Benzene 
benzenemia [abstract], 537 
isopropyl: studies on toxicology of solvents for 

replacement of benzene [abstract], 441 
metabolism in man [abstract], 77 
toxicity of gamma-benzene exachloride [abstract], 

538 

Herylliosis : See Beryllium 

Be1·yllium 
distribution and retention of carrier-free radio• 

beryllium in rat [Yan Cleare & Kaylor], *367 
experimental berylliosis [abstract], 442 
poisoning, expe:·imental, blood and urine changes 

in [S11iegl & others], *319 
pulmonary and cutaneous diseases caused by 

compounds [abstract], 172 
spectrochemical analysis in biological tissue [Ellen

burg & Owen], *503 

Bichromate: See Chromium and Chromium Com
pounds 

Blackstone, M. 
Behavior of mereury in animal organism following 

inhalation, *19 

Bladder 
cancer, occupational: exfoiiative cytological control 

in [abstract], 260 

Blood 
changes in experimental beryllium poisoning 

[Spiegl & others], *319 
changes in industrial diseases [abstract], 263 
changes during work in hot surroundings [ab

stract], 427 
cholinesterase : statistical analysis of normal human 

red blood cell, and plasma cholinesterase activity 
values [correspondence], 352 

lead in, cletermcnation [abstracts], 443, 444 
picture, effects of muscular training on [abstract], 

427 
. proteins·: metabolism in pneumoconiosis [abstract], 

438 

Blubber Finger : See Fingers and Toes 

Bones 
lead accumulation in, agents diminishing [Mac

Donald & ottiers], *217 
necrosis in divers (caisson disease) [abstract], 438 

BOOK REVIEWS 

Atomospheric Pollution : S. R. 111:eetham, 454 
Lead in Modern Industry : Manufacture, Applica

tions, and Properties of Lead, Lead Alloys, and 
Lead Compounds: Lead Industries Association, 
274 

Pharmacology and rroxicology of Uranium Com
pounds: C. Voegtlin and H. C. Hodge, 452 

Radiological Atlas of Pneumoconioses: 0. Zorn 
and W. Guenther, 452 

Bouwer, W. v. cl. M. 
Examination of heat stress indices: usefulness of 

such indices for predicting reRponses of African 
mine laborers, *221 

Working efficiency of Africans in heat: effect of 
various saturated air temperatures, wind veloci
ties, and rates of work, *2B4 

Boxing Industry 
management program for [abstract], 168 

Boysen, J. E. 
Hyperthermic End pathologic effects of electro

magnetic radcation (350 111:c), *516 

Brickmaking 
back strains in [abstract], 42:; 

Britain : See Gre,ot Britain 

British Occupatior1al Hygiene Society, 54(; 

Bromomethane 
acute narcotic effects of monochioromonobromo

methane vapor in rats [Comstock & others], *526 

Burns 
chemical and thermal, of eye [abstracts]. 179, 44c, 
of foot [abstract], 435 

Buscopan 
in treatment of ~xperimental poisoning by parathion, 

methyl parathion, and systox [Deichmann & 
Rakoczy], *152 
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Butyl Stearate 
toxicity [Smith], *310 

Byssinosis : See Pneumoconiosis 

Cadmium 
poisoning In industrial operations [abstract], 538 
poisoning, chronic [abstract], 177 
poisoning, chronic, aspects of prognosis for [ab

stract], 539 

Caisson Disease 
bone necrosis in divers· [abstract], 438 

Calcium Carbide 
production and use, accident experience, ancl pre

vention [abstract], 265 
production and use, danger to worker in [abstract], 

266 

Calcium Chloride 
new federal order on [abstract], 273 

Cancer: See also under names of organs and regions. 
as Lnngs 

carcinogenic action of 4-aminodiphenyl and 3,2-
dimethyl-4-aminodiphenyl [abstract], 177 

carcinogenic azo-compounds : chemical constitution 
and carcinogenic activity [abstract], 173 

carcinogenicity tests on petroleum fractions, value 
of rabbit for [abstract], 174 

diagnosis: exfoliative cytological control in occu
pational cancer of bladder [abstract], 260 

occupational : studies [abstract], 70 
occu11ational, skin, in group of tar workers 

[Fisher], •12 
trauma as cocarcinogen : case report on oil worker 

[abstract], 431 
uranium, experimental, in rats [abstract], 259 

Cane-Sugar Industry 
cane disease: 2 cases [abstract], 437 
safety and health in C\1ba in [abstract], 3(il 

Carbon Disulfide 
poisoning: arterial retinal pressure in workers 

exposed to risk [abstract], 178 · 
poisoning, occupational, diagnosis [abstract] 1 178 
poisoning, occupational, functional exploration of 

kidney in [abstract], 267 

Carbon Monoxide 
in air; new method of estimating (a.bstract], 85 
detection and estimation [abstract], 84 
hazard in water recarbonization [abstract], 543 
poisoning: new type of neurological damage [ab-

stract], 178 
semimicro determination [abstract], 441 

Carbon Tetrachloride 
comparative inhalation toxicity to rats and mice 

in presence of gasoline fires [Comstock & Oberst], 
*157 

poisoning, acute [abstract], 75 

Carcinogens : See Cancer 

Carcinoma: See Cancer; and under names of organs 
and regions 

Carnotlte : See also Uranium 
ore dust, acute toxicity [Wilson & others], *301 

Cataract 
radiation : clinical and pathological characteristics 

[abstract], 184 

CBP-55 (l-Chloro-3-Bromopropene-1) 
toxicology and safe handling [Hine & others], 

*118 

Cement Workers 
hypersensitiveness to bichromate in [abstract], 268 

Cerebrospinal }'luid 
lead content. [abstract], 76 

Chalk, A. J. 
New method for monitoripg air-borne dust, *404 

Chlordane 
toxicological and pharmacological studies [am

brose & others], *197 

Chlorophenoxyacetic Acid 
toxicity of 2, 4-dichlorophenoxyacetic acid and 

2, 4, 5-trichlorophenoxyacetic acid: acute and 
chronic toxicity in dogs [Drill & Hiratzka], *61 

Cholak, J. 
Improvements in rapid screening method for lead 

in urine, *249 

Cholinesterase 
response and symptomatology from exposure to 

organic phoEphorus insecticides [Sumerford & 
others], *383 

Christensen, H. E. 
Toxicological and pharmacological studies on 

chlordane, *197 

Chromates : See Chromium and Chromium Compounds 

Chromium and Chromium Compounds 
bronchogenic c.:trcinoma and chromates [abstract], 

259 
chromium eczema and industrial disease law [ab

stract], 544 
investigations on hypersensitiveness to bichromate 

in cement workers [abstract], 268 
morbidity and mortality experience among chro

mate workers [abstract], 75 
use of dimercaprol (BAL) ointment in chronic 

chrome dermatitis [abstract], 428 

Clam Digger's Dermatitis 
schistosome dermatitis from sea water [abstract], 69 

Climate 
effect of climate and atmospheric pollution on cor

rosion [abstract], 446 

Clinics, Occupational : See Indust1·y and Occupations, 
clinics 

Cohn, S. H. 
Radon inhalation studies in rats, *508 

Colliery Workers : See Mines and Miners 

ComJ)ensation : See also ,vorkmen's Compensation and 
Insurance 

psychological conflicts caused by group bonus 
methods of payment [abstract], 424 · 

Comstock, C. C. 
Acute narcotic effects of monochloromonobromo

methane vapor in rats, *526 
Comparative inhalation toxicities of 4 halogenated 

hydrocarbons to rats and mice in presence of 
gasoline fires·: carbon tetrachloride, monochloro
inonobromomethane, difluorodibromomethane, and 
trifluoromonobromomethane, *157 

Cook, W. L., Jr. 
Periodic health examinations, *241 

Coppe,· 
caustic action of salts on nose and throat [ab

stract], 267 

Cornea 
chemical burns [abstract], 179 

Corrosion : See Metals 

Cortisone 
effect on experimental silicosis [abstracts], 72, 174 

da Costa, 0. L. 
Occupational ::iealth activities and objectives of 

World Health Organization, •111 

Council on Industrial Health, American Medical 
Association, 186 

Cutting Oil: See on 
Cyanides 

action of methemoglobin on cytochrome oxidase 
inhibited by [abstract], 441 

colorimetric determination in stack gas and waste 
water [abstract], 82 

Cytologic Diagnosis: See under Cancer 
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Dale, J. C. 
Acute toxicity of mineral dusts, *478 
Adsorption of dyes, amino acids, proteins, and 

metal hydroxides on quar-tz, *484 

Deafness 
occupational: field study [abstract], 434 

Deichmann, W. B. 
Buscopan in treatment of experimental poisoning 

by parathion, methyl parathion, and systox, *152 

Dermatitis 
chrome, chronic, use of dlmercaprol (BAL) oint

ment in [abstract], 428 
clam digger's : schistosome dermatitis from sea 

water [abstract], 69 
cutting oil [abstracts], 259, 260, 436 
industrial [abstract], 71 
industrial: chronicity and relapse [abstract] ,71 
industrial: evaluation by analyzing its pattern 

[abstract], 430 
mushroom [abstract], 260 

provoked by Saturnidae moths : yellowtail moth 
dermatitis or Caripito itch [abstract], 437 

from water glass : caused by synergistic action 
with alkaline detergent [Morris], *411 

Devine, M. G. 
Examination of heat stress indices : usefulness of 

such indices for predicting responses of African 
mine laborers, *221 

Working efficiency of Africans in heat : effect of 
various saturated air temperatures, wind veloci
ties, and rates of work, *234 

Di butyl Phthalate; Dibutyi Sebacate : See Plastics 

Dimercaprol (BAL) 
ointment, use in chronic chrome dermatitis [ab

stract], 428 
or sodium citrate, comparative study of therapeu

tic effect on experimental lead poisoning [ab
stract], 266 

value in treatment of poisoning by mercury 
bichloride [abstract], 176 

Dimethyl Sulfate 
toxicology [abstract], 267 

Disability 
evaluation [abstracts], 68, 362 

Diseases, Occupational: See Industry and Occupa
tions, diseases 

Dispensaries, Industrial: See Industry and Occupa
tions, dispensaries 

Disk, Intervertebral: See Spine 

Drill, V. A. 
Toxicity of 2,4-dichlorophenoxyacetic acid and 

2,4,5-trichlorophenoxyacetic acid : report on their 
acute and chronic toxicity in dogs, *61 

Drinker, P. 
Deaths during severe fog in London and environs, 

Dec. 5 to 9, 1952: editorial, 275 
Dunlap, M. K. 

Comparative toxicity of synthetic and natural 
glycerin, *282 

Dusts : See also Pneumoconiosis 
aluminum, explosion [abstract], 543 
air-borne [abstract], 271 
air-borne, new method for monitoring [Holt & 

Chalk], *404 

automatic dust feed apparatus useful for exposures 
of animals to dusty atmospheres [abstract], 537 

carnotite ore, acute toxicity [Wilson & others], 
*301 

content of air, measurement inside and outside of 
industrial installations [abstract], 271 

control at source of formation in mine transport 
[abstract], :lllO 

Dusts-Continued 
explosion relief: relation between plant strength 

and [abstra•~t], 183 
mechanism of clearance from lung: theory [ab-

stract], 429 
mineral, acute toxicity [Dale & King], *478 
particles : See also Air, sampling 
particles in high air streams-representative 

sampling [abstract], 360 
phagocytosis of industrial, in tissue cultures [ab

stract], 72 
physicochemical studies on: accuracy of chemical 

estimation of free silica in rocks and mineral 
dusts [abstract], 360 

reduction of concentration in stopes and airways 
by use of sprayers in stoping: results of surrey 
conducted by institute of mines on efficiency of 

sprayers in Belgian coal mining [abstract], 361 
samples for microscopic sizing: notes on preparation 

[First], *58 
sampling: automatic dust sampler [abstract], 271 
sampling, gravimetric in coal mines [abstract], 83 
suppression of industrial, practical aspects [ab-

stract], 182 

Dutra, F. R. 
Behavior of m-3rcury in animal organism following 

inhalation, •19 

Dyes 
adsorption on quartz [Dale & King], *484 

Ear: See Deafness 

}JDTA: See Ethylenediaminetetraacetate 

Eggs 
membrane for chemical injuries of eye [abstract], 

269 

Einsenbud, M. 
Field equipment for collection and evaluation of 

toxic and radioactive contaminants, *490 

Electroplating Industry 
health hazards in plating room and their control 

[abstract], B3 

Ellenburg, J. Y. 
Spectrochemica\ analysis of beryllium in biological 

tissue, *503 

Engineering 
and medicine, historical relations [McCannJ, *87 

England : See Great Britain 

}~nYironment 
control in prevention of industrial accidents 

[Harvey], *529 
environmental health needs in dynamic society 

[abstract], 81 

Erysipeloid 
method of treatment [abstract], 431 

Ethylenediaminetetraacetate 
calcium, use in heavy-metal poisoning [Foreman & 

others], 137 
calcium, use 'n lead Intoxication [Foreman & 

others], *148 

Examinations, Heilth: See Physical Examinations 

Eyes: See also under names of special structures, as 
Cornea 

burns, chemical and thermal, secondary repair 
[abstract], 179 

chemical injuries : egg membrane for [abstract], 
269 

effects of radiant energy given off by various weld-
ing processes on [abstract], 537 

fatigue in radar operator [abstract], 426 
foreign bodies and burns [abstract], 445 
Injury : prevention in industry [abstract], 171 
irritation produ,~ed by volatile irritants, and impor-

tance of particle size in [abstract], 268 
lacerations of eye and adnexa [abstract], 180 
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Ezmirlian, F. 
Agents diminishing skeletal accumulation of lead, 

•217 

.Factories: See under names of various industries 

}'armers : See Agricultural Workers 

Feet : See Foot 

Felton, J. S. 
Space and labor-saring devices in industrial dis

pensary : portable clinical laboratory equipment 
for field use, *413 

Filters 
fibrous, for fine particle filtration [abstract], 83 
membrane, air sampling with [First & Silverman], 

•1 
papers, determination of dry weight [abstract), 83 

:Fingers and Toes 
"spekk-flnger" : severe finger infection in Arctic 

sealers [abstract), 433 

J?ire Extinguishers 
acute narcotic effects of monochloromonobromo

methane vapor in rats [Comstock & others], *526 
comparative inhalation toxicities of 4 halogenated 

hydrocarbons to rats and mice in presence of 
gasoline fires: carbon tetrachloride, monochloro
monobromomethane, difluorodibromomethane, and 
trifluoromonobromomethane [Comstock & Oberst], 
•157 

First, M. W. 
Air sampling· with membrane filters, •1 
Notes on preparation of cllrnt samples for micro

scopic sizing, *58 

Fisher, R. E. W. 
Occupational skin cancer in group of tar workers, 

•12 

}'luorides 
11athological findings in fluorine intoxication [ab

stract), 262 

Fluorine: See Fluorides 

Fog 
London-first survey of December (1952) disaster 

[abstract], 447 
deaths during serere fog in London an_d environs, 

Dec. 5 to 9, 1952 [editorial], 275 
Fogleman, R. W. 

Acute narcotic effects of monochloromonobromo
methane vapor in rats, *526 

Food Canning Industry 
use of barrier cream "kerodex" in [abstract], 184 

Foot 
burnt [abstract], 435 
health, Industrial, ex])eriment in [abstract], 424 

Foreign Bodies : See under names of organs and 
regions, as Eyes 

}foreman, H. 
Use of calcium ethylenediaminetetraacetate In cases 

of lead Intoxication, *148 
Use of calcium ethylenediaminetetraacetate in treat

ing heavy-metal Jloisoning, 137 
Formaldehyde 

in atmosphere of working environment [abstract), 
~59 

l'oundry Workers 
anthracoslllcosis occurring in [Hamlin), •339 

Ji'umigation 
toxicity study of s11ot fumigant [abstract), 75 

Garage Workers 
grease-gun injuries [abstract), 79 

Gas : See also Carbon Monoxide; etc. 
causes of death among gas workers with S]Jecial 

reference to cancer of Jung [abstract), 72 
Investigation into health of (i25 em])loyees engaged 

in Qas production in New South \Vales [abstract], 
356 

Gas-C'ontin ucd 
]Jroduced by lne,-t arc welding [abstract), 358 
thermal decomposition products and burning charac

teristics of some synthetic low-density. cellular 
materials [abstract], 82 

Geriatrics: See Old Age 

Glycerin 
comparative toxicity of synthetic and natural [Hine 

& others], *282 · 

Gong, J. K. 
Radon inhalation studies in rats, *508 

Grease-Gun Injuries: See Garage Workers 

Great Britain 
industrial hygiene in [Harvey], *187 

Greening. R. R. 
Baritosis : report of case, *44 

Hamlin, L. E. 
Anthracosilicosi!: occurring in foundry employee, 

*339 

Hardy, H. L. 
Use of calcium ethylenecliaminetetraacetate in cases 

of lead intoxication, *148 

Harris, W. B. 
Field equi]Jment for collection and evaluation of 

toxic and radi,Jactive contaminants, *490 

Harrison, C. V. 
Effect of modifications of quartz-surface of quartz 

on its fthrogenic ]ll'Ol)erties in lungs of rats, *455 

Harvey, B. H. 
Control of environment in prevention of industrial 

accidents, *529 
Industrial hygiene in Britain, *187 

Hatch, L. P. 
Small radioacti l'e spheres for possible use in 

medical or biological investigation, *109 

Hayes, W. J., ,Jr. 
Cholinesterase response and symtomatology from 

ex11osure to organic phosphorus insecticides, *383 

Health: See also Hygiene; Public Health 
industrial: See also Medicine, Industrial 
industrial: report by medical director of Slough 

Industrial Health Service [abstract), 425 

Health Insurance: See Insurance 

Heat 
blood changes during work in hot surroundings 

[abstract], 42, 
industrial exposures-evaluation and control [ab

stract), 172 
stress indices, usefulness for predicting responses 

of African mine laborers [Wyndham & others), 
•221 

working efficiency of Africans in : effect of varions 
saturated air temueratures, wind velocities, and 
rates of work [Wyndham & others), *234 

Hemoglobin and Hemoglobin Compounds 
action of methemoglobin on cytochrome oxidase 

inhibited by cyanides [abstract), 441 

Herbicides 
toxicity of 2,4-dichlorophenoxyacetic acid and 

2,4,5-trichlorophenoxyacetic acid: -acute and 
chronic toxicity In dogs [Drill & Hiratzka), *61 

Hine, C. H. 
Comparative toxicity of synthetic and natural 

glycerin, *282 
Toxicology and safe handling of CBP-55 (technical 

l-chloro-3-bromoprene-l), *118 

Hiratzka, 'l'. 
Toxicity of 2,4-dlchlorophenoxyacetic acid and 

2,4,5-trlchlorophenoxyacetic acid : report on their 
acute and chronic toxicity in dogs, *61 

Holaday, D. A. 
Evaluation of long-term radiation exposures, *211 
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Holt. l'. F. 
New Method for monitoring air-borne dust, *404 

Hormones 
influence on development of silicotic nodules pro

duced by intraperitone11l injection of quartz [ab
stract], 440 

Hosey, A. D. 
Portable electrostatic precipitator operating from 

110 volts A. C. or 6 volts D. C., *49 
Hubbard, D. M. 

.Behavior of mercury in animal organism following 
inhalation, •19 

Humphrey, P. A. 
Procedure for weighing fluted tilters with use of 

aluminum-foil envelopes, *402 

Hydrocarbons : See also Benzene; Carbon Tetra
chloride ; etc. 

halogenated, comparative inhalation toxicities to 
rats and mice in presence of gasoline tires [Com
stock & Oberst], *157 

pathology [abstract], 265 
toxicology and safe handling of CBP-55 (technical 

l-ehloro-3-bromopropene-l) [Hine & others], *llS 

Hydrocyanic Acid 
gas : injuries to central nervous system in chronic 

experimental poisoning by [abstract], 265 
Hydrogen Sulfide : See Sulfides 
Hygiene 

industrial, in Britain [Harvey], *187 

Importation 
of raw materials, occupational disease associated 

with [abstract], 357 

Industrial Hygiene Foundation 
Transactions of 17th Annual Meeting [abstract], 422 

Industry and Occupations: See also under names of 
industl'ies 

dinics : 3 years' experience [abstract], 168 
diseases: clinical aspects [abstract], 170 
diseases : diagnosis [abstract], 423 
diseases : experiment in reporting, [abstract], 7 4 
dispensaries: space and labor-saving devices: 

portable clinical laboratory equipment for field 
use [Felton], *413 

human relations in [abstract], 423 
insurance : See Insurance 
labor inspection in Norway, 1951: annual report 

[abstract], 426 
medicine: See Medicine, industrial 
psychiatry in [abstract], 422 

Insecticides : See also under names of insecticides, 
as Aldrin; Chlordane; Parathion 

buscopan in . treatment of experimental poisoning 
by . parath10n, methyl parathion, and systox 
[Deichmann & Rakoczy], *152 

ne~~O ap1iroaches to health evaluation [abstract], 

organic phosphorus : cholinesterase response and 
~i~':!'t".t3~~gy from exposure to [Sumerforcl & 

organophosphorus: some problems in assessing 
toxicology toward mammals [abstract], 264 

survey of spray practices used In fruit orchards of 
north central Washington [Batchelor], *399 

Insurance: See also Workmen's Compensation and 
Insurance 

accident: age and industrial accident rates [ab
stract], 425 

sickness:· successful prepaid medicine in industry
~iw1ilete industrial medical program [abstract], 

Intervertebral Disk: See Spine 
Intoxication : See Alcoholism; Poisons and Poisoning; 

and under names of substances, as Beryllium 
Iron 

gases and fumes in welding of ferrous metals 
[abstract], 538 

Iron and Steel Industry 
reduction of dt1st in steel foundry operations [ab

stract], 181 

Isoto1ies : See Radioactivity 

Jacobsen, N. W. 
Toxicology and safe handling of CBP-55 (technical 

1-chloro-3-tromopropene-1), *118 

.Johnston, J. M. 
Cholinesterase response and symptomatology from 

exposure to organic phosphorus insecticides, •383 

Jones, H. H. 
Portable elec:rostatic precipitator operating from 

110 volts A. C. or 6 volts D. C., *49 

Josie, G. H. . 
Planning study to determine effects of air pollution 

on health: review of methodology, *326 

Jurisprndence, Medical 
expert testimony [abstract], 448 

Jute Industry 
environmental conditions within mills [abstract], 

270 

Kay, K. 
Observations on toxicity of aldrin: growth and 

estrus in rats, *292 

Kaylor, C. T. 
Distribution and retention of carriet·-free radio

beryllium in rat, *367 

Kidneys 
functional exploration in occupational carbon 

disulfide poisoning [abstract], 267 

King, E. J. 
Acute toxicity of mineral dusts, *478 
Adsorption of dyes, amino acids, proteins, and metal 

hydroxides •)n quartz, *484 
Effect of modifications of surface of quartz on its 

fibrogenic properties in lungs of rats, *455 

l{issin, B. 
Use of calcium ethylenediaminetetraacetate in treat

ing heavy-metal poisoning, 145 

Kodama, J. K. 
Toxicology and safe handling of CBP-55 (technical 

l-chloro-3-bromopropene-1), *118 

Krause, L. 
Urinary excretion of paranitrophenol following 

exposure to parathion : progress report, *93 

Laboratories 
safety and in,lustrial hygiene in [abstract], 183 

LaFrance, L. 
Blood and urine changes in experimental beryllium 

poisoning, *319 

Largent, E. J. 
Behavior of oercury in animal organism following 

inhalation, *19 

Lead 
in blood : See under Blood 
eon tent of cerebrospinal fluid [abstract], 76 
poisoning : serum albumin in keratinized tablets 

for prevention [abstract], 77 
11oisoning: chronic neurological disease as possible 

form [abstract], 262 
poisoning: comparative therapeutic effect of 2,3-

dimercaptopropanol (BAL) or sodium citrate 
[abstract], 266 

poisoning: examination of lead line in ultraviolet 
light [abstract], 538 

poisoning, fatal, simulating poliomyelitis [abstract], 
75 

poisoning: intravenous agents diminishing accumu
lation of metal ions [abstract], 537 

poisoning: prehypophyseal gonadotropic functioning 
in [abstrac~], 77 

poisoning: use of calcium ethylenediaminetetra
acetate in [Foreman & others], *148 

skeletal accumulation, agents diminishing [Mac 
Donald & others], *217 

storage battery factories; hygienic protection in 
[abstract], 542 

in urine : See under Urine 

Leather Industry 
hydrogen sulfide in atmosphere of tanneries [ab

stract], 81 
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Lens, Crystalline 
mercurialentis [abstract], 440 
opacities, bilateral, occurring in technician operat

ing microwave generator [abstract], 363 

.LeVine, H. D. 
Field equipment for collection and evaluation of 

toxic and radioactive contaminants, *490 

Lieben, J. 
Urinary excretion of paranitrophenol following 

exposure to parathion: progress report, *93 

Light 
skin damage by sunlight, prevention [abstract], 184 

Lungs: See also Respiration 
bagasse disease: review of literature and report 

of 2 cases [abstract], 432 
cancer: air pollution and [abstract], 81 
cancer: bronchogenic carcinoma and chromates 

[abstract], 259 
cancer: cause of death among gas workers [ab

stract], 72 
cancer: occupational factors in [abstract], 431 
carcinoma : occupational and personal factors in 

etiology [abstract], 73 
diseases : See also Pneumoconlosis; Tuberculosis 
effect of surface modifications of quartz on fibro-

genic action in ·rats [King & others], *455 
farmer's: review [abstract], 435 
function studies [abstract], 173 
mechanism of dust clearance from : theory [ab

stract], 429 
physiology : simple formula to determine volume of 

dead space in man's lungs : experimental control 
[abstract], 427 

radon inhalation studies in rats [Cohn & others], 
*508 

Mccann, W. S. 
Historical relations of medicine and engineering, 

*87 

Mac-Donald, N. S. 
Agents diminishing skeletal accumulation of lead, 

*217 

Machinery 
control of environment in prevention of industrial 

accidents [Harvey], *529 

Maison, G. 
Use of calcium ethylenediaminetetraacetate in treat

ing heavy-metal poisoning, 144 

Manganese 
industrial poisoning in Yugoslavia [abstract], 444 

Medicine 
and engineering, historical relations [Mccann], *87 
industrial : experience in 3 years of occupational 

medical clinic [abstract], 168 
industrial: important features in program [ab 0 

stract), 169 
industrial : medicine plus industry equals occupa

tional health [abstract], 169 
industrial: medical practice-1952 [abstract), 78 
industrial: occupational health activities and 

objectives of World Health Organization [Roemer 
and da Costa], *111 

industrial: progress [abstract], 169 
industrial: scope of modern [abstract], 171 
legal: See Jurisprudence, Medical 

Mercury 
behavior in animal organism following inhalation 

[Ashe & others], *19 
mercuialentis [abstract), 440 
poisoning, bichloride, value of BAL in treatment 

[abstract], 176 
poisoning, chronic, among dentists and dental nurses 

[abstract], 358 

Metals : See also names of metals 
corrosion, effects of climate and atmospheric pollu-

tion on (abstract]. 446 ,. 
heavy, poisoning: use of calcium ethylenediamine, 

tetraacetate in treating [Foreman & others], 137 
hydroxides, adsorption on quartz [Dale & King], 

*484 

Methanol: See Meshyl Alcohol 

Methemoglobin: E-ee Hemoglobin and Hemoglobin 
Compounds 

Methoxyethyl Oleate 
toxicity [Smith], *310 

Methyl Alcohol 
studies on visual toxicity of methanol [abstracts], 

74, 176 

Methylene Chloride 
fatal exposure to vapor [abstract], 358 

Microwaves 
bilate1·al lenticula opacities occurring in technician 

operating microwave generator [abstract], 363 

Mines and Miners: See also Pneumoconiosis 
beat disorders cf miners, role of staphylococcal 

infections In [abstract], 175 
dust concentration reduction in stopes and airways 

by use of sprayers in stoping: results of survey 
conducted by Belgian Institute of Mines [ab
stract), 361 

dust control at source of formation in mine trans
port [abstract], 360 

emli~onal stability In colliery workers [abstract], 

Mines and Miners 
factors affecting ~hoice of fans for mine ventilation 

[abstract], 542. 
heat stress indices : usefulness for predicting 

responses of African mine laborers [Wyndham & 
others], *221 

pulmonary tuberculosis in Rhondda Fach: interim 
~iport of survey of mining community [abstract], 

safety in mines : 29th annual report of research, 
1950 [abstract], 272 

ventilation of coal mines: some practical aspects 
[abstract], 182 

ventilation of deep mines (Witwatersrand gold 
fields: review [abstract], 183 

ve~i~ation network problems : solution [abstract], 

Mohanty, G. P. 
Effect of modifications of surface of quartz on its 

fibrogenic properties in lungs of rats, *455 

Moon, H. D. 
Comparative toxicity of synthetic and natural 

glycerin, *282 
Toxicology and safe handling of CBP-55 (technical 

l-chloro-3-bromopropene-l), *118 

Morgan, D. M. 
Procedure for weighing fluted filters with use of 

aluminum-foil envelopes, *402 

Morris, G. E. 
Dermatitis from water glass: caused by synergistic 

action with alkaline detergent, *411 

Morse, M. S. 
Comparative toxicity of synthetic and natural 

glycerin, *282 
Toxicology and safe handling of CBP-55 (technical 

l-chloro-3-bromopropene-l), *118 

Motion Pictures 
medical: The City That Disappears, 27 4 

Mouth 
Oral Manifestations of Occupational Origin : Public 

Health Service_ Publication, 451 

Mushrooms 
dermatitis [abstract], 260 

Nagelschmidt, G. 
Effect of modifications of -surface of quartz on its 

fibrogenic properties in lungs of rats, *455 

Neal, Paul Ardeen 
obituary, ·353 

Nervous System 
central, injuries 1.n chronic expe1·imental poisoning; 

by hydrocyanic acid gas [abstract], 265 
chronic neurolog'.cal disease as possible forin of 

lead poisoning [abstract], 262 ' ' · 
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Nickel 
eczema: persistence of skin sensitivity [abstract], 

433 

Nicotine 
determination of small quantities in air and 

biological material [abstract], 441 

Nitroparaffins 
colorimetric determination [abstract], 82 

Noise 
airplane, influence on auditory thresholds [ab

stract], 80 
airplane: occupational hazard in United States 

Air Force [abstract], 81 
effects of intense sound and ultrasound on ear 

[abstract], 540 
industrial: measurement [abstract], 80 

Nuclear Energy : See Atomic Energy; Radioactivity 

Nullapon: See Ethylenediaminetetraacetate 

Oberst, F. W. 
Acute narcotic effects of monochloromonobromo

methane vapor in rats, *526 
Comparative inhalation toxicities of 4 halogenated 

hydrocarbons to rats and mice in presence of 
gasoline fires : carbon tetrachloride, monochloro
monobromomethane, difluorodibromomethane, and 
trifluoromonobromomethane, *157 

OBITUARIES 
Neal, Paul Ardeen, 353 

Oil: See also Petroleum 
cutting, dermatitis [abstracts], 259, 260, 436 

Old Age 
University of Michigan Sixth Annual Conference 

on Aging, 451 

Owen, L. E. 
Spectrochemical analysis of beryllium in biological 

tissue, *503 

Oxygen 
deficiency : catalase and anoxic anoxia resulting 

from work done in anaerobiosis [abstract], 427 
new federal order on [abstract], 273 
nroduction and use, accident experience and preven

tion [abstract], 265 

Paint Industry 
industrial hygiene in paint factory [abstract], 542 

Parathion 
exposure of Connecticut tobacco workers to 

[Schaefer & Vance], *193 
poisoning in citrus grove operations in 1951 [ab

stract], 439 
poisoning, experimental: buscopan in treatment 

[Diechmann & Rakoczy], • 152 
urinary excretion of paranitrophenol following 

exposure : progress report [Lieben & others], *93 
Paterson, H. F. 

Examination of heat stress indices : usefulness of 
such indices for predicting responses of African 
mine laborers, *221 

Working efficiency of Africans in heat: effect of 
various saturated air temperatures, wind velocities, 
and rates of work, *234 

Peart, A. F. W. 
Planning study to determine effects of air pollution 

on health: review of methodology, *326 
Pendergrass, E. P. 

Baritosis : report of case, *44 
Personnel Available, 86 
Pesticides : See Insecticides : and under names of 

chemicals, as Parathion 
Petroleum 

fractions : value of rabbit for carcinogenicity tests 
on [abstract], 174 

Phenol 
poisoning, acute [abstract], 177 
removal from alimentary tract or skin of persons 

suffering exposure [abstract], 262 

Phosphates : See Phosphorus and Phosphorus Com
pounds 

Phosphorus and Phosphorus Compounds : See also 
Parathion 

cholinesterase response and symptomatology from 
exposure to organic phosphorus insecticides 
[Sumerford & others], *383 

occupational poisoning due to phosphorus trichloride 
[abstract], 178 

problems is assessing to,dcology of organophos
phorus insecticides towards. mammals [abstract], 
264 

toxicology of phosphate polymer and its use as 
uranium antidote [abstract], 76 

Physical Examinations 
periodic health examinations [Cook], *241 

Plastics : See also Resins 
to>;icity of butyl stearate, dibutyl sebacate, dibutyl 

phthalate, and methoxyethyl oleate [Smith], *310 
Plumbism: See Lead, poisoning 

Plutonium 
production, industrial medicine in [abstract], 449 

Pneumoconiosis : See also Dusts 
acute course of silicosis [abstract], 261 
adrenal cortical depression in silicotics : critical 

observations and clinical findings [abstract], 176 
anthracosilicosis occurring in foundry employee 

[Hamlin], *339 
asbestosis, clinical picture and pathology [abstract], 

437 
baritosis : report of case [Pendergrass & Greening], 

*44 
biological determination of prehypophyseal gonado

stimulins in urine of patients with silicosis [ab
stract], 177 

classification [abstract], 436 
coal miners' [abstract], 70 
cotton dust in relation to byssinosis [abstracts], 

174, 175 
due to diatomaceous earth: clinical and x-ray 

aspects [abstract], 172 
effect of cortisone on experimental silicosis [ab

stracts], 72, 174 
electrocardiograph for examining anthracosilicotics 

[abstract], 175 
examination procedures for silicosis as practised 

by Workmen's Compensation Commission in 
Quebec, Canada [abstract], 173 

filtering capacity of noses of animals in dust inhala
tion experiments [abstract], 179 

industrial medical aspects of chest diseases of 
occupational origin [abstract], 70 

influence of hormones on development of silicotic 
nodules produced by intraperitoneal injection of 
quartz [abstract], 440 

metabolism of blood proteins in [abstract], 438 
problems in roentgen diagnosis of silicosis [ab

stract], 70 
properties of 2 antidust respirators for protection 

of workers against silicosis [abstract], 362 
in radiator and boiler finishers [abstract], 434 
silicosis In diatomaceous earth factories [abstract], 

439 
tissue reactions to silicate and silica dusts from 

Kolar gold field mines [abstract], 173 

Poisons and Poisoning: See also under names of 
substances, as Beryllium; Lead; Mercury; etc. 

industrial toxicology [abstract], 262 

Positions Available, 86 

Posture 
electromyographic investigations of position and 

manner of working In typewriting [abstract], 428 
Precipitator 

portable electrostatic, operating from 110 volts 
A. C. or 6 volts D. C. [Hosey & Jones], *49 

thermal : modified form [abstract], 84 
Printing Industry 

printers' asthma [abstract], 74 

Proteins 
adsorption on quartz [Dale & King], *484 



INDEX TO VOLUME 7 9 

Psychiatry 
in -industry [abstract], 422 

Public Health 
occupational health activities and objectives of 

World Health Organization [Roemer & da Costa], 
*Ill 

Quartz: See Pneumoconiosis; Silicon Compounds 

Radar 
operator, ocular fatigue in [abstract]. 426 

Radiation: See also Radioactivity; X-Rays 
cataract: clinical and pathological characteristics 

[abstract]. 184 
concept of maximum permissible exposure [ab

stract]. 363 
electromagnetic (350 Mc), hyperthermic and path

ologic effects (Boysen], *516 
exposure in shoe stores (abstract], 185 
exposure in United States, summary of reported 

[abstract]. 363 
exposures, long-term, evaluation [Holaday]. *211 
penetrating, research on protection against high

intensity whole-body exposme to [abstract], 364 
Radiological Health Handbook [abstract], 362 
radiology and radioactivity effects of whole-body 

irradiation [abstract], 185 
Radioactivity: See also Radiation 

control and removal of radioactive contamination 
in laboratories [abstract]. 182 

distribution and retention of carrier-free radio
beryllium in rat [Van Cleave & Kaylor], *367 

field equipment for collection and evaluation of 
toxic and radioactive contaminants [Harris & 
others], *490 

guide for uniform industrial hygiene codes or 
regulations for use of radioactive static eliminators 
[abstract], 450 

hazards anticipated from fission product use [ab
stract]. 363 

inhalation of radioactive aerosols and its prevention 
[abstract], 185 

late effects of Internally deposited radioactive 
materials in man [abstract], 544 

precautions in handling radioactive isotopes (ab-
stract], 364 

radiation exposme in United States [abstract], 449 
radioactive waste disposal [abstracts], 449 
radiological health field training unit [abstrnct], 

449 
removal of radioactive contamination from hands 

(abstract]. 450 
small radioactive spheres for possible use In medical 

or biological investigation [Hatch], *109 
treatment of internal contamination : prevention of 

deposition of fission product by salts of ethylene
diaminetetraacetic acid [abstract], 363 

Radium 
examination of impaired health of radium workers 

[abstract], 364 
hazard in aircraft instrument shop [abstract], 185 
lesions through exposure in medical personnel in 

Yugoslavia [abstract]. 545 
poisoning, elimination of radioactire subs!ances 

from human body in 2 cases [abstract], 540 

Radon 
inhalation studies in rats [abstract], 544 
inhalation studies in rats [Cohn & others]. *508 

Rakoczy, R. 
Buscopan in treatment of experimental poisoning 

by parathion, methyl parnthlon, and systox, *152 
Rather, L. J. 

Toxicological and pharmacological studies on 
chlordane, *197 

Renes, L. E. 
Antimony poisoning In industry, •99 

Resins 
polystyrene, observations ~n occupational pathology 

In factory [abstract], 308 
resinosis : new industrial hazard? [abstract], 439 

Respiration 
studies of respiratory air flow measurement of 

ventliatory function [abstract], 171 

Respirators 
industrial dust, testing [abstract], 543 
study of properties of 2 antidust respirators for 

protection of workers against silicosis [abstract], 
362 

Robbins, D. J. 
Toxicological and pharmacological studies on 

chlordane, *197' 

Roemer, M. I. 
Occupational health activities and objectives of 

World Health Organization, *Ill 

Roentgen Rays: See X-Rays 

Rounds, D. E. 
Agents diminishing skeletal accumulation of lead, 

*217 

Rubin, M. 
Use of calcium eU1ylenediaminetetraacetate in treat

ing heavy-metal poisoning, 142 

Schaefer, R. A. 
Exposure of Connecticut tobacco workers to para

thion, *193 
Sequestrene: See Ethylenediaminetetraacetate 
Shipman, T. L. 

Use of calcium ethylenediaminetetraacetate in cases 
of lead intoxication, *148 

Sickness Insurance: See Insurance 
Silica: See Silicon Compounds 

Silicon Compounds 
action of different forms of pure silica on lungs of 

rats [abstract], 440 
acute toxicity of mineral dusts [Dale & King], *4 78 
adsorption of dye3, amino acids, proteins and metal 

hydroxides on quartz [Dale & King], *484 
dermatitis from water glass: caused by synergistic 

action with alkeline detergent [Morris], *411 
effect of surface modifications of quartz on flbro

genic properties in lungs of rats [King & others]. 
*455 

silicosis and silica content of human blood [ab
stract], 443 

surface of finely ground silica [abstract], 435 
Silicosis : See Pnei:.moconiosis 
Silverman, L. 

Air sampling with membrane filters, •1 

Sinclair, J. W. 
Observations on toxicity of aldrin: growth and 

estrus in rats, *292 

Skin : See also Dermatitis 
cancer, occupaticnal, in group of tar workers 

[Fisher], *12 
damage by sunlight, prevention [abstract], 184 

Skow, R. K. 
Radon Inhalation studies in rats, *508 

Smith, C. C. 
Toxicity of butyl stearate, dibutyl sebacate, dibutyl 

phthalate, and methoxyethyl oleate, *310 

Smog: See Air, pot:ution; Fog 

Societies 
American Industrial Hygiene Association, 86 
British Occupational Hygiene Society, 546 

Sodium Citrate 
or 2,3-dimercaptopropanol (BAL), comparative study 

of therapeutic effect on experimental lead poison
Ing [abstract], 266 

Sodium Silicate: See Silicon Compounds 
Solvents: See also Benzene 

using safely [abstract], 272 

Sound : See also N olse 
Intense, effects on ear [abstract], 540 

Spain, P. 
Agents diminishing skeletal accumulation of lead, 

·••217 

Spekk-Flnger: See Fingers and Toes 
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Spiegl, C. J. 
Blood and urine changes in experimental beryllium 

poisoning, *319 

Spillane, J. 
Cholinesterase response and symptomatology from 

exposure to organic phosphorus insecticides, *383 

Spine 
intervertebral disk, rupture, in industry [abstrnct], 

78 

Sprays and Spraying: See Insecticides 

Stokinger, H. E. 
Acute toxicity of carnotite ore dust, *301 

Sulfides 
hydrogen, in atmosphere of tanneries [abstract], 81 
hydrogen, liquid, handling [abstract], 542 

Sulfur 
sulfur dioxide and trioxide, determination in flue 

gases [abstract], 181 

Sulfuric Acid 
contact plant exit gas : critical review of analytical 

methods for acid mist and sulfur dioxide [ab
stract], 360 

Sumerford, W. T. 
Cholinesterase response and symptomatology from 

exposure to organic phosphorus insecticides, *383 

Sunlight : See Light 

Sylvester, G. E. 
Acute toxicity of carnotite ore dust, *301 

Systox 
poisoniag, exuerimental: buscopa n in treatment 

[Deichmann & Rakoczy], *152 

Tanneries: See Leather Industry 

Tar Workers 
occupational skin cancer in [Fisher], *12 

Temperature: See Climate; Heat 

Tobacco 
workers, Connecticut, exposure to parathion 

[Schaefer & Vance], *193 

'l1oxicology: See Poisons and Poisoning: and under 
names of poisonous substances 

Trichloroethylene 
estimation of small quantities of trichloroacetic acid 

and [abstract], 443 
intoxication, chronic, neurotic manifestations [ab

stract], 442 

Tuberculosis 
Koch bacillus in sputum of silicotuberculosis 

patients, using fluorescent microscope and aura
mine technique [abstract], 176 

pulmonary, in Rhondda Fach: interim report of 
survey of mining community. [abstract), 73 

Tumors : See Cancer ; and under names of organs 
and regions · 

2.4-D: See Chlorophenoxyacetic Acid 

Typewriting 
electromyographic investigations of position and 

manner of working in [abstract], 428 

Ultrasounds 
effects on ear [abstract], 540 

University of Michigan 
Sixth Annual Conference on Aging, 451 

Uranium: See also Carnotite 
cancers, experimental, in rats [abstract], 259 
dioxide dust, relation of particle size to toxicity 

following inhalation by animals [abstract], 76 

Urine 
changes In experimental beryllium poisoning [Spiegl 

& others], *319 

Urine-Continued 
lead : excretion of lead hardeners in modern Swedish 

tool factory [abstract], 444 
lead : improvements in rapid screening method for 

[Woessner & Cholak], *249 
lead : polarographic method of estimation by means 

of ion exchangers [abstract], 179 
lead, rapid determination in old samples [Amdur], 

*277 
paranitrophenol excretion following exposure to 

parathion: progress report [Lieben & others], *93 

Vance, G. H. 
Exposure of Connecticut tobacco workers to para

thion, *193 

Van Cleave, C. D. 
Distribution and retention of carrier-free radio

beryllium in rat, *367 

Ventilation: See also Air Conditioning 
design velocity in industrial exhaust systems [ab

stracts], 85, 541 
and health in air-conditioned shop [abstract], 448 
and heating problems in atomic ·energy establish

ments [abstract], 85 
mine, some factors affecting choice of fans for 

[abstract], 542 

Versene: See Ethylenediaminetetraacetate 

Waldman, R. K. 
Urinary excretion of paranitrophenol following 

exposure to parathion: progress report, *93 

Walker. K. 
Cholinesterase response and symptomatology from 

exposure to organic phosphorus insecticides, •383 

Water Glass : See Silicon Compounds 

Weather: See Climate; Heat 

\Velding 
arc, inert, gases produced by [abstract], 358 
arc. inert gas-shielded, use of thoriated tungsten 

electrodes in [abstract], 448 
effects on human eye of radiant energy given ofl' 

by various processes [abstract], 537 
electric nitrous gases in [abstract], 443 
of ferrous metals, gases and fumes in [abstract], 

538 
health hazards in electrowelders [abstract], 268 

Wilcox, J. D. 
Design of new 5-stage cascade impactor, *376 

Wilson, H. R. 
Acute toxicity of carnotite ore dust, *301 

Woessner, W. W. 
Improvements in rapid screening method for lead 

in urine. *249 

Work 
efficiency of Africans in heat : effect of various 

saturated air temperatures, wind velocities, and 
rates of work [Wyndham & others], *234 

Workmen's Compensation: See also Insurance 
disability evaluation [abstracts], 68, 362 

World Health Organization 
occupational health activities and objectives [Roemer 

& da Costa], *111 

Wyndham, C. H. 
Examination of heat stress indices: usefulness of 

such indices for predicting responses of African 
mine laborers, *221 

Working efficiency of Africans in heat: effect of 
various saturated air temperatures, wind velocities, 
and rates of work, *234 

X-Rays: See also Radiation 
dosage to patients and stafl' in diagnostic radiology : 

investigation at Dunedin hospital [abstract]; 185 
examination of impaired health of x-ray workers 

[abstract], 364 
lesions through exposure in medical personnel In 

Yugoslavia [abstract], 545 
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3y Audrey McKeever. To be read by 

pa:ents or children. 16 IHlges. 20 cents. 

ANSWERS TO PRACTICAL QUESTIONS 
ON MENSTRUATION 
By Margaret Bell. 8 pages. 15 cents. 

SEX EDUCATION FOR THE MARRIED 
COUPLE 
By Emily Hartshorne Mudd. 12 pages. 

15 cents. 

SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman. 12 pages. 

Set of 5 titles as above, 50 cents 

GETTING READY FOR MARRIED LIFE 
By Howard Dittriclc 29 pages. 20 cents. 

HELP FOR CHILDLESS COUPLES 
By J. D. Wassersug. 6 pages. 15 cents. 

THE WORD YOU CAN'T SAY (MAS
TURBATION) 
By Hannah Lees. 8 pages. 15 cents. 



RELAXED ... 

In the many cases wh· h require sedation without excessive hypnosis, 

Mebaral is of outst ding merit. 

With its relative! wide margin between sedative and hypnotic dosage, 

Mebaral may employed in those conditions in which relief from 

anxiety, dep ssion or agitation is desired during the waking hours. 

Mebar I affords alleviation of tension in the hyperthyroid 

---~!.!!r hypertensive patient, .• relaxation in neuroses and mild psychoses, 

influence in tie high-strung menopausal patient. It is 

also a relia anticonvulsant in epilepsy. 

eba ra 1®,:d~.~~'L3~:: c!~,~~ETS 
for sedation 

Antiepileptic: 0.1 Gm. (1 ½ grains) 
and 0.2 Gm. (3 grains) 

WINTHROP-STEARNS INC., New York 18, N. Y., Windsor, o 

Mebaral, trademark reg. U.S. & Canada, brand of mephobarbi 
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Task. Description 

Given a set of parameters (e.g., 'frequency., average vower,. 

gain, etc.) and the type of li'acfar aritenna to pe used (circular or 

rectangular), the safe distance fo; that antenna can be. calculated. 

(The Safe Distance is defined as the distance from the antenna beyond 

which. the power density does not exceed lo miliwatts/cm2.) Based 

on this distance, on the beam width. of the antenna, and on the 

dimensions of the antenna, a poteI1tially hazardous region may be 

represented as follows: ·"'. ,, I' 

iE----~.:§fJ '. · · . W = .Width .. · , 

..c:; · S.D. . > ·.'·::· 
' ... •·, H,,; H.eight . _ . ; . 

- '._ . ..,, -· 
· llBW =-Hei'-iizontal Beam Width , .... · 

,; ·:. 
.'! ,.:~. 

· ...... , ... · . ..:. 
J• •• 

yiwjJ > . : , VBW =: Verticil Beani Wijl:l) ~ ,•• 

· s~·:o. = Sp.fe Distance 
:' , ·' 

A change in any parameter_,of the raclar 'res1.11ts in a change in : 

the beam pattern., The RADHAZ progra-~allows for. interactive, chartge:' ,, 

of parameters and for relocation·or r.eo;i~nta_tion of the r1qsulting patfe~n;( : 
. . . . . '. . .. , . 

. ·' .. '. '' .' ,: 

A user can thereby locate an antenna and determine to what angle·the. · ·. ·,. ~ _'.: .··,. 
. ':. . . 

antenna may be depressed· w.ithout:cau~ing· ·danger tcf pe~sonriel. ·. · .... .,, ·,·:· 
• • ., . . . 

·,··.1'' 

" ,. ,,· 

.. ~ ' . t' :, 
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The Master File Program 

To save time and work, a mean$ fo provided for making .the 

parameters of commonly used antennas available to the RADHAZ 

program from a Master File. This Master File is created by 

means of a special, independent program known as the Master File 

Program. The data is entered via the Alpha/Numeric Keybo~rd 

and.is stored on the 2315 Disk Storage. Onc·e the parameters for · 

an antenna have been placed .on the ·Master.; File, · they are available for.: .. 

use with the RADHAZ program but cannot be changed except throu~h 

the Master File Program. 

Although the file ha-s a current capacity· of 30 radars, the 

number could be increased substantially if required. 

A support program (RIN) adds .flexibility to the Master File 

by allowing the user to input data directlyto the Master File·by me~ns. 

·•. 
·I" . ': .,. 

··,, .,:•, 

_;._ 
' ·, 

. . . :,• ·. . ' . ..;_ - ·"- ' 

of cards or to dump some or.all of the Master File .data-onto. cards. 
., . -, . 

'. 
. . ' ' 

The RADHAZ Program 

The operation of the RADHAZ:·Program· is· shown in the· accompa:nying .. : 
' '', ' '· ' . i, . ' . 

figure and is outhined in the .following paragr·aphs:· 

Ship Display: When the RAJ;)HAZ Prog~am is· initiated, the firs't , •. 

display which appears is that of a· s,hip .. ·., T}:l.e g;rat?hidit data 'for this•:.ship; 
. . -: 

' •,:,' . '. ;,!:',, 

was previously stored in the Ship File, ~~ich was created from d:ata :·.': . ) .. · ~ 

cards obtained by tracing (digitizfo.g) :a ship ·outline on the ·Telecordex.> 
. ' .' ' . '_: _.-:: ,•:i' . t . : ' . . . ' : .. ' 

(The Telecordex is available.to NAVSEC .engineers.) 
' ' ' ' '' ' 
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Program File: In order to ,display a selected antenna beam . 
. ' 

. 

pattern, the pattern must.be generated from the antenna parameters 

. , 

.·, 

and stored in the Program File. A _maximum of 9 antenna patte·rns 

may be stored in the Program File at any one time. This. Program 

' 

File represents the working file of antenna beam patterns;. 

There are three methods of selecting 

parameters to generate a beam pattern on the Program File: 

' ' ; 
' 

. 
. . 

1. Select theparam~ters of an anten~a from · .· 

the Master File·. · 

2. · Select ·and modify one or more of the para;;. 

meters of an a~tenna on the M~ster File.· 

3. Enter new parameters for ah antenna not 
' • 

• 

f 
•.'. 

found on the Master File. 

Antenna Display: In order to be display€d, an antenna beam. 

pattern must be in the Program :File, J)Ut not all the patterns on 

., . . . 
' 

' . 

the file need be displayed .... The user h.1s complete control over which ' .···. 

of these. antennas are DISPLAYED and which (one),isA~TIVE (can. 

be relocat~d or rotated). 

The th~ee modes for antennas on the. 

:program File~are: 
• 

• • •• ' !• 

' ' , 

1. ACTIYE MODE - . 'fqe antenna is currently •·. 

displayed and can be, relocated or rotated, 

·' 

2. ,DISPLA Y-AL'rHOUGH-NOT-AC.TJVE~(DANA} ~ · . 

. The antenn~ .is cur.rently display~d but: canrfot . • · 

' I. ' . ' .. • ·• ' . 
' ' . 

: . . • 

be relocated ot rotated .. 
. . . 

:.3: .· .. 

.. . 
,·' . 

·' 

.. ,' · .. :· 

·•. 
'~ : .· , ' . 

• • , .• , ••• ~ ' *,> 
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3. INACTIVE.MODE ~. The antenna is not . 
. . 

currently displayed and cannot be relocated 

or ·rotated. · 

There will be a brief discussion prior to the 

demonstration which will clarify the methods -of entering or changiiig 

the mode of Program File antennas. 

Graphical Manipulation of Active Antenna_: Once an antenna 

_ has been set ACTIVE, its beam pattern will bE:! vi_sible superimposed ori 
' 

. . . 

the ship display and can be relocated or rotat~d with .respect to the 

ship any number of times. A ZOOM feature is provided which can 
. . . 

enlarge any portion of the ship to aid in accurate· location of the.· 
. . . , ' ' . 

antenna. The current position and orientation of the active· aritenna 

is always available to the user in.the
1

form-oftexfa~ theto;·ofthe 
. . •,. : . ' 

screen. 

_ The user• ,may; •. ~ption~lly, record this· 

information on a file for hard copy print out at thl? end of a. sesslon. 

> ',.; ,·· .. 
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. FILE 

. ·MA_S_T.EJJ__:_fILE PROGRAM 
. . . 

: · (1 SHIP:.._·_ HADHAZ PfZOGRAM· · 
. . - . . 

r- --- ,,,, __ - -.. ,. ----· i --·.,-· l 2 VIEWS) . ~ 
- -· -·· -·- --~::· __ -, ·-: . . --~ ~ -~-~ 

i 
I 
I 

• 

(OPTIONAL). I 
CARD I/0 .·I· . //f',_,.,///~J1/~/,>,.'/.~. ';' > ,'.'\. 

', • . ·//,•/I ,• /7://, .. /,'· ,/;, / 

r---------
1 --~ I >t,, MASTER 

KEYBOARD - · FILE 
ALPfL.<\/NUMERIC ----1 :>-: (DATA'FOR 

. ---------- I b.Y/l:;;:,:::~,~L-,. ' ' 
. , /,1;/?/,·'✓->·: .:-·: . .r r~,-:.f-//-.,,.·· _,.:;,,,· /,·, 

J· . 
-· I 

. .· l-
- I , ... 

I 

I 

DISPLAY. 
SHIP. 

INPUT ANTENN 
DATA 
AND 

ACCEPT 
· .. · OR .. 

KEYBOARD 
! ALPHA/NUMERIC 

··- - ·---·-· --.. _J·._ PROGRAM 

·•··. FILE 

. ·>. . . MODIFY · - . 

~:......;_·_,:i-;.-· .. _-~1- GENERATE-~-- >~: ~AF.E _:_ 

- BEAM .. -~-~ DISTANCE· 

• 
. 

\ t 

-,_. --. - . ~ -·: ~- . 

(9 BEAM-.-

:p A TTERNS) . _ ... 

STORED 
ANTENNA 

POSITION AND 
ORIENTATION 
(9 ANTENNAS 

30 RECORDS EA.) 
I' • ., , , • • 

·• ,' / : ' . ., I ... •·' . / /. . 
,._, , I ,, I ., /,. ,/ 

I 
. ,# ,'. '· I 1· , , I I / ! 0y . .,. / 
. 'J• ·'/"•ti 

, > ~/ ,ff• ' . _r• ,/ I 

r~-1? ,;I. ' 

I . _PA_TTERN : . l - . ·. . . 
I .. ·.. PROGRAMS-

. I 
I 
I 
I 

, j 

I 
I 

7. : Af Jb;~~E_ ., -·1··· . 

DISPLAY·=
PATTERNS 
RELOCATE 

AND/OR 
ROTATE 
ACTIVE 

ANTENNA. 

·HARD 
COPY 

ON PRINTER 

-------'---··_. '• 

L----'---- - - ____ ...... _ 

<R0GRAM - FILE INTERACTION FOR MASTER FILE PROGRAM AND RADHAZ PROGRAM 


