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PROGRESS REPORT: PRESSURE STABILITY OF CH4, N2 AND CO 
IN SEALED IONIZATION CHAMBERS LINED WITH GRAPHITE 

AND MARKITE':< 

S. S. Brar>'.o:c and L. D. Marinelli 

Previous results(!) showed that C02 gas was found to be unsuitable 
from the standpoint of pressure stability in sealed chambers with plastic 
shells. Hence it was decided to replace it with CO, both in graphite- and 
Markite-lined chambers. These chambers had teflon shells and fluoro
thene insulation between guard ring and collector. Short-term (a day or 
two) experiments with ionization measurements indicated that CO gas was 
a desirable choice. Consequently, a long term experiment was set up, 
and after a period of little over a month measurements were taken again. 
The rise in ionization current indicated that air had leaked into the cham
bers. (They had been filled to about 640 mm of Hg at room temperature 
at the beginning of the experiment.) A mass spectrographic analysis of 
the gas contents of both chambers was 1nstituted through the cooperation 
of Dr. D. A. Hutchison's group (Chemistry Division of ANL). Their 
analysis confirmed that air was pre sent in both chambers. Still there 
was not sufficient quantitative data to pinpoint for the presence of the 
amount of air found. But some qualitative reasoning showed that perme
ability of teflon was probably responsible. 

As a result of these analyses the teflon shells were replaced with 
brass, the fluorothene insulation with polystyrene, and Lucite was in
serted between the guard-rings and the shells. In addition to these cham
bers, another one was employed as a control. Lucite was used for both 
shell and liner in this chamber with polystyrene insulation between guard
ring and collector. This chamber was purposely left open to the atmos
phere so that its readings could be corrected for temperature and pressure 
variations. 

With these chambers a long term experiment was initiated as before. 
The results covering a period of 41 days are shown in Figure I-1 for all three 
chambers. The control or standard chamber readings in each case are re
f erred to 0°C and 760 mm of Hg. The gas content of graphite-lined cham
ber with CO gas in it was analyzed for presence of air and none was found. 
The statistical analysis of these results indicates that the variations in 
graphite- and Markite- lined chambers are significant: i.e., they are not 
due to random variations in the measurement processes alone. Therefore, 
they must be ascribed to some other cause or causes, only one of which 
will be mentioned here, namely, a change in the solubility constants of 
these gases as a function of temperature. 

*Markite Company, 155 Waverly Place, New York City, N, Y, 

':'�'From the Division of Biological and Medical Research. 
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Figure I-1. Time in days versus ionization current in 
arbitrary units for graphite, Mar kite- and 
Lucite- lined chambers filled with CO, 
tissue equivalent gas, and air, respectively. 

At present an experiment is in progress to determine the solubility 
of the desired gases in various materials of interest. A few rough results 
are indicated below for the solubility factor, a , * of some gases in polysty
rene at room temperature (25°C). 

Gas Solubility Factor (a) 

Nz 0.05 
co 0. 14 
CH4 0.32 
C02 2.0 

Reference 

1. Brar, S. S., and L. D. Marinelli. Report on Biological, Medical and 
Biophysics Programs, Argonne National Laboratory. ANL-5456, 
pp. 89-92 (1955). 

Number of atoms of dissolved gas cc of solid in e uilibrium at 25°C 
number of gas atoms cc of gas 
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PROGRESS REPORT: FAST NEUTRON DOSIMETRY 

I. B. Berlman 

In a previous report(l ) the response of the "twin • scintillator to 
2. 2 Mev neutrons was reported. To check the response of the above de
tector to higher monoergic neutrons, a tritiated zirconium target was ob
tained. The (d, n) reaction on tritium produces 14 Mev neutrons. 

From the results of Table I-1, a sample run, it is noted that there 
is a ratio change at both low and high pulse heights. The ratio at large 
pulse heights can be corrected if one assumes that the xylene plus scintil
lator solution has about a 5% lower scintillation efficiency response than 
its "twin." This assumption also helps correct the ratio at low pulse 
heights. The (n, p) and (n, a) reactions on fluorine also affect the ratio 
at the low pulse height side. 

Table I-1 indicates that the "twin" scintillator method may be ap
plicable for measuring neutron fluxes to energies greater than 14 Mev. 

TABLE I-1 

A sample response of the "twin" scintillator dete c tor 
to 14 Mev neutrons 

Channel 

number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Xylene 

5590 

3980 

3170 

2810 

2630 

2390 

2190 

2210 

2000 

1600 

1070 

600 

280 

100 

20 

Arbitrary number of counts 

1,4-bis (trifluoromethyl) 

benzene 

2560 

1480 

1010 

760 

600 

480 

440 

370 

330 

300 

230 

140 

80 

40 

20 

Reference 

1. Berlman, I. B. Report on Biological, Medical and Biophysics Programs, 
Argonne National Laboratory. ANL-5378, p. 7 (1955). 
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THE ABSORPTION SHIFT OF IRRADIATED ORGANIC SOLVENTS 

I. B. Berlman 

One of the unanswered questions in the realm of liquid scintillator 
studies has been the effect on scintillation efficiency of high radiation 
fluxes. It is known from some of the studies by A. Charlesby( l )  in 
England that plastics containing the benzene ring structure can withstand 
ten times more radiation intensity than the straight chain type of plastic. 

The present study was initiated to answer, among other questions, 
the problem of the relative radiation damage to the optical and scintilla
tion properties of various organic solvents, with and without added scintil
lator. 

The order of the research is set forth as follows: 

a. The effect of low energy X-rays on the absorption spectrum of 
benzene, toluene, xylene, and l, 4- bis (trifluoromethyl) benzene (here 
called F-xylene) are to be measured. It is noted that benzene has just a 
simple ring structure, toluene has the ring structure and one methyl group, 
xylene has the ring structure and two methyl groups, and F-xylene has the 
hydrogen in the methyl groups of xylene replaced by fluorine. 

b. The relative efficiency for producing the absorption effects of 
the various radiations, such as ultraviolet light, X-rays, 'Y -rays, and 
neutrons are to be investigated. 

effect. 
c. Methods are to be devised to remove or bleach the absorption 

d. The energy and flux rate dependence of these radiations on 
producing the absorption effects are to be studied. 

e. The relative decrease of scintillator efficiency for 
solvents plus scintillator after irradiation are to be studied. 

• 

var1ous 

f. The relative decrease of scintillator efficiency for the cases 
of the irradiation of solvent plus scintillator versus the irradiation of sol
vent and subsequent addition of the scintillator are to be investigated. From 
the results of the latter case it might be possible to postulate the protective 
effect of the scintillator (i.e., some of the energy which would normally go 
into producing the effects responsible for the optical absorbance is now 
channelled into radiation energy). 

g. The correlation, if any, of the optical and scintillation effects 
with the similar effects produced by the uptake of oxygen are to be studied. 



Initial studies have shown that low energy X-rays, medium energy 
'Y -rays as Co60, and ultraviolet light, produce a shift in the absorption spec
trum. Absorbance IS defined as log10(1/T), where TIS the transmission. 

The scintillating samples cannot be irradiated m a glass container 
with the hope that the change in the scintillation properties can then be 
measured. This is due to the fact that glass darkens at a very low flux 
level, much below that required to produce a change in the liqu1d, with the 
result that the irradiation must take place in one vessel and any subsequent 
light measurement must be made 1n another vessel. Care is taken to have 
the solvents come into contact with glass only. 

The absorption analysis varied from the standard spectrographic 
technique in that the irradiated sample was compared to an unirradiated 
one. This method allowed any produced variations to become immediately 
apparent. All the solvents were vacuum distilled at least once. 

Figure I-2 shows the relative absorption shift, as measured on a 
Beckman spectrophotometer with a hydrogen lamp attachment, of the var
ious solvents exposed to the same dose, energy, and dose-rate of a 50-kev 
X-ray machine. The surface dose was 5 x 1 05r, the dose rate was 
9.1 x l04r/min and the average energy was 8 kev. The exit dose after pass
ing through l mm of water was 45o/o of the original dose, and after passing 
through 2 mm of water was 25% of the original dose. These solutions were 
irradiated in an open Petri dish and were about 2 mm in depth. Note that 
benzene is more stable to X-ray irradiation than xylene, and F-xylene is 
much more sensitive than either of these. With each set of exposures of 
a solvent to X-rays there was a simultaneous exposure of the solvent in 
another Petri dish, away from the direct beam, but inside the enclosure 
of the X-ray shielding to detect the magmtude of the oxygen or ozone effect 
on the liquid. Sometimes there was a few per cent absorbance shift, but it 
could be eliminated by bubbling nitrogen through the solution. 

Figures I-3 and I-4 show that the absorption increased lmearly with 
increased 'Y-ray radiation for F-xylene and xylene, respectively. Figure I-5 
shows the relative absorption of the solvents on irradiation by Co60• 

Bubbling nitrogen through the solvent, before, during, or after irra
diation decreased the absorption a few per cent but never eliminated it com
pletely. W. L. Buck of the Physics Division has noted an absorption shift 
toward longer wavelengths whenever certain organic solvents, i.e., cyclo
hexane, toluene_.absorb oxygen.(2) This effect is reversible. (On bubbling 
argon through the solution to remove the oxygen the absorption is moved 
back to shorter wavelengths.) Therefore the conclusion is drawn that the 
few per cent change noted is due to removal of the oxygen. 

9 
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An added test at this point was to look for an intermittency effect. 
One irradiation of xylene was 5 x 1 05r. A second irradiation of xylene was 
also 5 x 1 05r, but the exposure was interrupted 4 times and the dish con
taining the xylene was rocked back and forth for about l minute. No dif
ference in absorption was noticed. It must be noted that subsequent to the 
above measurements it has been found that the quartz absorption cells used 
in making the absorption measurements were not equally transparent to all 
the wavelengths. Therefore all 4 cells were filled with the same liquid, 
(benzene), and the absorbance of each was determined for the various wave
lengths. This procedure was repeated with each of the other solvents. Sub
sequent measurements were then corrected for the absorbance of the quartz 
cell. One of the quartz cells has only 83o/o transmission or an absorbance 
of 0. 083 at the lowest wavelength used, 2800 A, as compared to the best of 
the other 3 cells. This variation was unexpected and completely upset the 
neutron measurements at the pile where the relatively small exposures 
produced effects less than these corrections. It may have also overshad
owed the intermittency measurements so that all one can say is that if there 
is an intermittency effect it is less than 11 o/o. 

The neutron measurements will be repeated in order to determine 
if there is a "relative chemical effect" (RCE). Will one rad of neutrons 
produce a greater absorption shift than one roentgen of )'-radiation? Pre
liminary evidence indicates that it does. 

Since the absorbance is in the region of 2900 A, it was reasoned 
that possibly ultraviolet irradiation of shorter wavelength would produce 

0 0 

a similar effect. A Mineralight* strongly emits the 2537 A and 3650 A 
lines from mercury. The sample solutions consisting of approximately 
6 cc of solvent were exposed in an open Petri dish for 5 min to the light 
from the Mineralight. Figure I-6 shows the results. Note that F-xylene 
is much less sensitive to the ultraviolet than the other solvents. Fig
ure I-7 shows the linear increase of the absorbance with exposure for 
F-xylene. 

To test for a temperature effect on xylene the sample was cooled 
to approximately 0°C and irradiated. Another sample was heated to ap
proximately 50° C and irradiated. No difference in absorbance was noted. 

Irradiating xylene with ultraviolet light and then heating with an 
infrared light for 5 min produced little or no bleaching. Distilling the sol
vent after ultraviolet irradiation produced approximately a 4 7o/o bleaching 
effect, but it is not known what per cent of this was due to the removal of 
oxygen. The absorbance was not completely removed as seen from Fig
ure I-8. 

':'Ultraviolet Products, Inc., Pasadena, California. 
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If two samples of toluene, one having nitrogen bubbled through it 
during uradiation and the other having oxygen bubbled through it durmg 
irrad1at10n, are compared, it is found that the latter has approximately 
12% greater absorbance. 

There seems to be no difference between irrad1ahng the solution 
with ultra violet light in a lighted room or in total darkness. 

Xylene plus 2, 5-diphenyloxazole (2 g/1) produces a certam pulse 
height distribution. Irradiating xylene until there is a 50% transmittance 
at 2900 A and then adding the scintillator does not noticeably decrease the 
pulse height spectrum. The 1nitial measurements are 1nside the hmits of 
statisbcs. 

Acknowledgements are due to Joseph E. Trier for runmng the X-ray 
machines and Co60 exposures, Warren L. Buck for the use of his Beckman 
spectrophotometer, Howard H. Vogel for his assistance at CP-5, 
Sarmukh S. Brar for his early assistance with the X-ray machine, and 
Sheffield Gordon for ass1sting in exposing a set qf scintillating solutions to 
his Co60 source. 

References 
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exposed to ionizing rad1ations. Nature 173 578 (1954). 

2. Buck, W. L. To be published. 
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A SIMPLE SEALED CONTAINER FOR SCINTILLATING SOLUTIONS 

I. B. Berlman 

One of the problems encountered while developing the Twin Liquid 
Scintillator Method(l ) was to develop a suitable procedure for housing each 
of the two organic liquids. Since the scintillation efficiency in an organic 
liquid decreases with the uptake of oxygen, the container must be hermet
ically sealed with an insoluble bonding agent. 

The following is a description of the sealed container that was 
developed to overcome these difficulties and still have good light collecting 
facilities. A circular glass disc, 40 mm in diameter and 2 mm thick, was 
cut from a flat Pyrex sheet and fused to a 40-mm length of Pyrex tubing 
40 mm in diameter. This d1sc served as a window to the photomultiplier. 
After 3 coats of Tygon paint* were applied to the outer surface of the tubing 
the solution was poured into the resultant beaker, leaving at least l/8 in. 
of air space above the liquid. As an added precautlon, one may bubble 
nitrogen through the solution before capping it. To cap the cyhnder a glass 
mirror 1/8 in. thick was cut into 40-mm diameter discs. These were bond
ed to the cylindrical beaker by placing bonding agent R-313** on the rim of 
the cylinder and then pressing the disc down on the top surface. It has been 
found advisable not to apply the bonding agent until after it is quite viscous, 
therefore it must be prepared in advance. After the bonding agent has 
cured, the liquid is captive but can be removed by soaking the bonded edge 
in nitrobenzene. It is suggested that this step be done in a hood. 

With the Tygon paint on the sides serving as a diffuse reflector and 
the silver mirror on top serving as a specular reflector the light collection 
is very good. The air space above the liquid allows for expansion of the 
liquid and keeps the liquid from coming into contact with the bonding agent 
until after it cures. 

In the Twin Scintillator Method two organic solutions, xylene and 
1, 4- bis (trifluoromethyl) benzene, are each housed in containers of this 
type. Their response was first matched to Co60 before sealing. Three 
months later they were still very well matched as seen in Figure I- 9. 

*Tygon Paint, Series "TP" Plastics and Synthetics Division, 
U. S. Stoneware, Akron 9, Ohio. 

**Bonding Agent R-313, Carl H. Biggs Co., 2255 Barry Avenue, 

Los Angeles 64, California. 
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RADON CONTAMINATION IN THE MEASUREMENT OF LOW LEVELS 
OF EXPIRED RADON 

H. F. Lucas, Jr., and A. F. Stehney 

A study was made of radon contamination in apparatus used for 
measurements of expired radon from humans having natural amounts of 
body radium. (1 • 

2, 3) Amounts of radon corresponding to 0. 3 to 
0.6 x 10-10 g Rd.226 in the body* were obtained in blank runs, so that an 
uncertainty of perhaps 0. 2 x 10-10 g Ra was introduced into the results 
after correction for the blank. Thus an attempt to reduce the amount of 
contamination and to obtain more reproducible values of the blank seemed 
worth while. 

The contribution to the blank was measured for each of the com
ponents listed in Table I-2. As indicated in the table, no radon could be 
detected in air pas sed through the large charcoal traps used to remove 
residual radon from the compressed air supply and passed through the 
glass traps used for removal of .water. (Similar samples of aged tank 
air provided values of 0.1 J...LJ.lC or more.) The efficiency of the large 
charcoal traps was further demonstrated by passing air ennched to a 
radon concentration of 16 J...LJ...Lc/1 through the traps at a rate of 45 cu ft/hr 
for 7.5 hr; an average value of 0.016 ± O.Ol6J...LJ...Lc Rn in 300 liters was 
obtained for 9 samples collected at intervals. 

The air supply and breath collection lines consisted of copper tubing 
and two steel reservoir tanks. By sealing these lines and measuring the 
radon accumulated in several hours, it was found that 0. 017J...L J...LC Rn would 
be produced in 30 min by growth from Ra impurities. A value of 0. 025J...LJ...LC 

Rn in 30 min was determined in a similar fashion for solutions of KOH in 
the steel spray towers used to remove C02• However, most of the Ra con
tamination could be ascribed to etching of the Pyrex glass bottle in which 
the solutions were stored, and only 0. 007 J...LJ.lc Rn/30 min was obtained with 
KOH solutions which had been stored in polyethylene bottles {Table I- 2). 

No added Rn was found when air was passed through the flexible 
polyethylene bag. The bag has always been enclosed in a large box into 
which radon-free air is pas sed to prevent diffusion of radon into the bag. 

Most of the radon contamination was traced to the respiratory hel
met and its tubing for supply and exhaust. Replacing the original lengths of 
rubber tubing with plastic tubing reduced the contamination from this source 
by a factor of two as shown in Table I-2. The balance is believed to be 

>:<For humans, 0.26j..LJ...LC Rn expired in 30 min corresponds to l 0-10g of 
Ra 226 fixed in the body. 
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caused by diffusion of radon through the latex rubber bladder of the helmet 
because a value of 0. 02 Jl J.LC Rn accumulated in 30 min was calculated using 
a value of 0. 3 mmzhr-1 for the permeability coefficient of gum rubber (4) 
and assuming a concentration of 0. 2 }l}lc Rn/1 in room air. Since concen
trations of 0. 05 to 0. 4 Jl Jl c Rn/1 in the atmosphere have been measured at 
various times, the diffusion of radon into the helmet would cause variations 
in the blank of the magnitude observed. 

TABLE I-2 

Radon contamination from components of apparatus 

}l}lC Rn/30 min 

Component 

Supplied air* 
Glass traps 
Polyethylene bag 
Supply and collection lines 
Spray towers (KOH) 
Respiratory helmet and tubing 

Sum 

Observed 

Before 
modification 

0.00 
0.00 
0.00 
0.017 
0.025 
0.08 

0.12 

0.1-0.15 

After 
modification 

0.00 
0.00 
0.00 
0.017 
0.00 7 
0.03-0.05 

0.06 

0. OS- 0. 08 

*Samples of supplied air 300 liters in volume collected over a 
period of 30 min. 
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BUTYL PHOSPHATES AS EXTRACTANTS OF THORIUM FROM BONE 

A. F. Stehney, D. E. Wallace and F. H. Ilcewicz 

Extraction of tracer quantities of Th from ashed bone by tributyl 
phosphate (TBP) and by dibutyl phosphate (DBP) has been investigated for 
use in the analysis of bone specimens obtained from humans known to con
tain microgram amounts of Razz6• (1) Finding Thzzs (RdTh) in these bones 
would demonstrate that Razzs (MsTh) was present in the radium solutions 
ingested by these subJects. Comparison of the amount of RdTh in the in
organic fraction of bone to that in the organic fraction would indicate what 
portions of the tissue were subjected to irradiation from RdTh and its 
radioactive descendants. 

It would be of interest to know whether as little as 1 part in 100 of 
radioactivity taken as" radium" 20 years ago was MsTh1• Subsequent de
cay of 6. 7 year MsTh1 would have reduced the ratio to 1:1000. Thus, 
0. 1 1-L/-L c MsTh1 (or RdTh) per gram of bone would be significant for sub
jects having a body burden of 1 /-Lg of Razz6• Since the sensitivity of meas
urement of a-emitting nuclides is of the order of 0.1 /-L/-LC, a procedure 
capable of handling several grams of bone is necessary. Furthermore, 
the procedure must isolate RdTh from Ra and its descendants which may 
be present in concentrations of the order of 100 1-LF-Lc/g. 

Tributyl Phosphate. Table I-3 shows that Io (Thz
30),:' is readily ex

tracted from a 10 M. HN03 solution with no bone present, but that the dis
tribution coefficient (K is defined as the ratio of concentration of solute in 
organic phase to concentration in aqueous phase) decreased sharply with 
increasing concentration of bone. Thus, in devising a procedure for a 
given amount of bone, it was necessary to compromise between the desir
ability of a large value for K provided by use of a large aqueous volume 
and the undesirability of using a large volume of TBP in order to prevent 
the volume of the aqueous phase from being much greater than that of the 
organic phase. 

The following procedure was devised for removal of more than 95% 

of the Th in 2-g samples of ashed bone: 

1. Preparation of sample. Dissolve sample in sufficient HN03 to 
provide a final volume of 100 ml, 1OM in free HN03• 

2. Extraction of Th into TBP. Extract twice with 15-ml portions 
of TBP, shaking 5 min each time in a separatory funnel. 

*The Io isotope of thorium was used for testing because of its long half
life and absence of short lived daughter. 
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3. Washing of extracts. Wash combined organic extracts 4 times 
with l 0 ml of l 0 M HN03, shaking 2 min each time in a separa
tory funnel. 

4. Re-extraction of Th into water. Shake the acid-washed organic 
phase with 50 ml of H20 for 2 min, using fresh portions (a total 
of 5 or 6) until the aqueous layer reaches a pH of about 4. 

5. Mounting of sample for counting. Evaporate the combined water 
re-extracts in a 600-ml beaker to a volume of about l 0 ml and 
transfer to a 50-ml conical centrifuge tube; evaporate in an oil 
bath to a volume of less than 0. 5 ml, and transfer to a planchet 
for drying under a heat lamp. 

TABLE I-3 

Effect of ashed bone on the extraction of thorium from 
10 � HN03 by TBP 

Bone, g/ml 

0.000 
0. 024 
0.047 
0. 118 
0.236 

K (org/aq) 

1. 7 X l 02 

52. 
6.9 
1.8 
0.5 

When the above procedure was used with known amounts of Io, only 
a few per cent of the radioactivity was left in the bone solution. However, 
the recovery of Io on the planchet for counting varied from 30 to 90o/o. The 
losses were caused by incomplete re-extraction of Io from the TBP and by 
retention of Io on the walls of the centrifuge tube in which the water was 
evaporated prior to transfer to the planchet. The former difficulty could 
be eliminated by preventing decomposition of the TBP, and successive 
evaporations with HN03 provided satisfactory removal of Io from the cen
trifuge tube. Radium is not extracted by TBP and less than 0. 01 per cent 
of added Ra226 was carried through by the above procedure. 

Although it appeared probable that further work with TBP would 
result in a fairly satisfactory procedure for isolating Th from bone, this 
investigation was discontinued in favor of a different extractant (cf. below), 
for the following reasons: 
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I. The size of bone sample which can be used is limited too much 
by the rapid decrease in extraction efficiency as the concentra
tion of bone (i.e. calcium phosphate) increases. 

2. The large volumes of solution required for even small bone 
samples make it difficult to prevent indeterminate losses and 
to maintain low radioactivity blanks. It should be noted that 
TBP might prove satisfactory for use with the organic fraction 
of bone. 

Dibutyl Phosphate. Although DBP is a powerful extractant for Th, 
its use is limited by the difficulty of re-extraction from the solvent, and 
the solvent cannot be removed by distlllahon. Preliminary experiments 
with CC14 solutions of DBP showed that the distribution coefficient was 
well over 100 in favor of the organic phase with HN03 solutions of Io when 
a shed bone was present in concentrations up to 0. 25 g/ml. At greater 
concentrations the acid solution became too dense and viscous for satis
factory use. The problem then was to ascertain whether satisfactory ex
traction of Th could be obtained with small quantities of DBP which could 
be ashed directly on a planchet. 

The procedure given below proved to be very satisfactory for 
amounts of bone up to 6 g. The DBP reagent was a water-washed solution 
of 1 part DBP in 2 parts CC14• (2) 

1. Preparation of sample. Place the sample of bone in a 50-ml 
conical centrifuge tube, and add sufficient HN03 to provide a 
solution 2M in free HN03 and 0.20 g bone/ml {e.g. 5 g bone 
dissolved in 9. 2 ml cone. HN03, and diluted to 25 ml). 

2. Extraction of Th into DBP. Using a mechanical stirrer, ex
tract 4 times with 0. 25-ml portions of DBP solution stirring 
5 min each time; follow each DBP portion with a 0. 5 ml 
portion of CC14 after removal of DBP. 

3. Washing of extracts. Combine the organic extracts in a 15-ml 
conical centnfuge tube and wash 6 times with 2-ml portions of 
5 M HN03, stirring 2 min for each wash. 

4. Mounting of sample for counting. Heat the washed organic ex
tracts in a water bath to boil off CC14, leaving approximately 
0. 3 ml of tributyl phosphate; transfer the residual DBP in 3 

portions to a platinum planchet using an induction coil heater 
to ash the organic material. 

With this procedure recoveries of Th are consistently better than 
95%, decontamination factors for Ra226 and Bi210 (RaE checked by counting 
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{3 -rays) are better than 105, decontamination factors for Po212 (RaF) are 
better than 10� and blank values of less than 0. 05 j.l.j.l.c are obtained. 

The advice of G. W. Mason and D. C. Stewart of the Chemistry 
Division in this work is gratefully acknowledged. 
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PROGRESS REPORT: SCINTILLATION COUNTER FOR RADON 

H. F. Lucas, Jr. 

Background counting rates and efficiencies of the scintillation coun
described previously( !) were further investigated. 

Since radioactivity in the Pyrex walls of the cylinder was suspected 
of contributing to the background of approximately 0.3 counts/min (cpm) 
observed for these counters, a comparison was made of the a-radioactivity 
from several materials. The material to be tested was placed in contact 
with a ZnS(Ag) coating on one side of a quartz disk, the other side of which 
was in contact with the window of a photomultiplier. In order to eliminate 
a contribution of approximately 0.1 cpm from radon in the atmosphere, the 
counting rate for quartz was obtained by using another quartz disk as the 
tested material and assuming that 1/2 of the observed counting rate origi
nated from radioactivity in each disk. The values obtained were corrected 
for the counting rate of the quartz, and, as seen in Table I-4, the a-activity 
from a Pyrex surface was much greater than that from quartz and from 
stainless steel. In agreement with these findings counters constructed with 
walls of steel or iron had backgrounds of less than 0.06 cpm compared to 
0.3 cpm for Pyrex counters with a convenient thickness of 20 mg/ cmz of 
ZnS(Ag) as shown in Table I-5. Furthermore, the background counting 
rates of scintillation counters made with Pyrex walls were observed to de
crease with increasing thickness of ZnS(Ag). 

TABLE I-4 

Comparison of a radioactivity from several materials 

Material 

Pyrex 

Tygon paint ( TP 61) 

Stainless steel 

Quartz 

*0.9 confidence level. 

Net cpm/20 cmz 

0.16 ± 0 .04* 

0.010 + 0.013 

0.019 + 0.012 

0.008 + 0.007 
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Table I-5 

Background counting rate of radon counters 

Wall material 

Pyrex 

Pyrex 

Pyrex 

Pyrex 

Stainless steel 

Iron 

Iron 

ZnS(Ag) 
(mg/ cm2) 

15.2 

19.8 

28.0 

35.6 

22.6 

21.3 

22.2 

*Average deviation from mean. 

cpm + E* 

0.430 + 0.027 

0.319 ± 0.014 

0.228 + 0.032 

0.149 + 0.010 

0.057 + 0.005 

0.057 + 0.010 

0. 0 50 + 0. 010 

The pulse height response of the counters was also studied as a 

function of the thickness of scintillator coating. As shown in Table I-6, the 
fraction of pulses having large pulse heights was observed to increase with in

creasing thickness of coating up to about 20 mg/ cm2 beyond which the dis

tribution of pulse heights remained constant. Thus reproducible counting 

efficiencies were obtained when a minimum of 20 mg/cm2 of coating was 

used, and counters constructed of iron provided low background counting 

rates. 

At present, the effect of possible impurities in the counter filling (He) 
is being investigated. Table I-7 illustrates the increased and reproducible 

efficiency caused by water vapor or ethylene dichloride and indicates that 
the composition of the gas must be more carefully controlled than had been 
thought previously. Since the amounts of impurities induced could have no 

great effect on the absorption coefficient of the gas for a.-rays, it is probable 

that the impurities caused a change in the nature of the scintillator coating 
or in the distribution of radon and its daughters within the counter. It is 

suggestive that the counting efficiency with the impurities present cor res

ponds to the ratio of the wall area coated with ZnS(Ag) to the total surface 

area (i.e., coated walls plus uncoated window) inside the counter. 
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Counter # 

3 

4 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

• •• 
• • • 

• • 0 • • • 0 

TABLE I -6 

Pulse height response as affected by ZnS (Ag) thickness 

ZnS (Ag) Fraction of pulses exceeding bias setting 

(mg/cm2) 120 200 

9.8 0.81 ± 0.02 0.58 ± 0.03 

11.2 0.88 ± 0.02 0.67 ± 0.03 

15.2 0.98 ± 0.02 0. 78 ± 0.02 

17.2 0.980 ± 0.018 0.930 + 0.018 

17.7 0.980 ± 0.018 0.930 + 0.018 

19.8 0.985 ± 0.018 0.956 + 0.018 

19.8 0.982 ± 0.020 0.956 ± 0.020 

19.9 0.983 ± 0.018 0.956 ± 0.020 

22.9 0.987 ± 0.018 0.970 ± 0.018 

23.8 0. 984 ± 0. 018 0.955 + 0.018 

29.0 0.990 ± 0.018 0.963 ± 0.018 

35.6 0.983 ± 0.023 0. 936 ± o. 023 

*0.9 statistical counting error 

Water 
(em Hg) 

0.000 

0.00 

2.2 

0.00 

0.00 

TABLE I-7 

Influence of water and ethylene dichloride 
impurities on efficiency 

Impurity• 

Ethylene dichloride 
(em Hg) 

0.00 

0.00 

0.00 

3.2 

3.5 

cpm/}JI..Lc 

4.18 + 0.04** 

4.21 + 0.04 

5. 01 ± 0. 07 

4.96 ± 0.04 

5.18 + 0.07 

*Impurity plus helium = 76 em Hg. 

••0.9 statistical counting error. 

Reference 

300 

-

-

-

0.750 ± 0.019* 

0.742 ± 0.019 

0.865 ± 0.019 

0.860 ± 0.020 

0.860 ± 0.020 

0.905 ± 0.018 

0.830 ± 0.018 

0.855 ± 0.018 

0.820 ± 0.023 

1. Lucas, H. F. Report on Biological, Medical and Biophysics Programs, 
Argonne National Laboratory. ANL-5456, pp. 99- 100 (1955 ). 
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SEPARATION OF INORGANIC AND ORGANIC FRACTIONS IN BONE 

D. E. Wallace and A. F. Stehney 

A method of separating the inorganic and organic fractions of bone 
is needed as part of a program to determine the distribution of the radio
active descendants of Ra226 and Ra228 in bone. Tests are being made on the 
extraction procedure of Williams and Irvine( !) who used ethylene diamine 
(EDA) as an extractant for the organic material. 

Samples of bone were refluxed in a Soxhlet extractor with aqueous 
EDA (80%) which has a constant boiling point of ll8°C. However, a much 
more extensive series of extractions than indicated by the above authors 
and leaching of blood from fresh bones were necessary in order to obtain 
separations of organic material from bone sections complete to within 5%. 

Reference 

1. Williams, J. B., and J. W. Irvine, Jr. Preparation of the 
matrix of bone. Science 1 1 9 : 771-772 (1954). 

. . Inorganic 
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CALCULATION OF HOT SPOT DISTRIBUTIONS IN BONE 
FROM BLOOD SPECIFIC ACTIVITY 

John H. Marshall 

The accretion and resorption rates for calcium in the Haversian 
systems of cortical bone are of interest in the study of radium toxicity. 
The intense spots of radioactive calcium or radium which appear in cal
cifying Haversian systems may account for a significant fraction of the 
radiation damage to bone. A low resolution autoradiograph of a cross 
section through the shaft of a long bone from a dog injected with Ca45 

shows hot spots the intensity of which gives a measure of the activity per 
unit length of canal perpendicular to the film. Figure l-10 includes a num
ber versus intensity distribution for the hot spots in the femur shaft of a 
Ca45 -injected dog sacrificed at 14 days. There are a few hot spots of high 
intensity and a large number of lower intensity spots which merge with the 
general diffuse activity. Can such a distribution be derived from the known 
specific activity of the blood as a function of time? If it can, how sensitive 
are hot spot distributions to the times involved in the formation of new 
Haversian systems? 
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Figure I-1 0. Calculation of hot spot distribution in 
bone from blood specific activity. 



Step (1) The following calculation is based on four assumptions; the first 
two are probably fairly good; the last two imply a highly simpli
fied model of bone: 

a. Calcium, as it is deposited in a Haversian system, contains 
Ca45 at the specific activity of the blood as measured in the 
large veins. 

b. The number of systems which start calcifying per unit time 
in a large enough sample is independent of time. 

c. The rate of calcium deposition in any calcifying system is 
independent of time and is the same for all calcifying systems 
in the sample. 

d. Although individual systems start calcifying at different times, 
the length of time during which any system calcifies, once it 
has started, is the same for all systems in the sample. 

Step (2) Let 

n = number of Haversian systems in sample which start 
calcifying per day (day-1) 

hi = activity per unit length of ith Haversian system (me/ em) 

g = calcium added per unit length per unit time (g Ca/cm 
day) 

ti = time at which ith system starts calcifying 

Tc - time during which any system is calcifying (days) 

t0 = time of injection (chosen arbitrarily as 0.1 day - see 
below) 

T s - time of sacrifice 

B( t) - specific activity of blood as a function of time (me/ g 
Ca) 

a =  B(I) = specific activity of blood at one day (mc/g Ca) 

h 
d . 

y = = imens10nless measure of hot spot intensity ag 

N(y) = number of hot spots with intensities between y and 
Y+6Y 
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Z N
(y) 1 . ( = = re atlve number of hot spots independent of n 

sample size) (in days, because n is in day-1). 

Step (3) It follows from the assumptions in Step (1), that the activity per 
unit length of any Haversian system depends on the time calcifi
cation started: 

ti + Tc 
B(t)g dt = g 

t· + 1 Tc 
B(t) dt 

Step (4) To make this general expression quantitative, we take 

B(t) = a C1 for t0 < t � T s 

B( t) = 0 for t < to and t > T s 

The blood data for Ca45-injected dogs(l) can be approximated quite 
well (within a factor of two from 0.1 day to 100 days) by letting 
t0 = 0.1 day. (The B(O .1) value is then a factor of two high, and 
the time from actual injection to 2.4 hours is neglected, a time dur
ing which the actual B( t) value is almost constant. In Step (3), these 
two approximations should roughly balance out.) 

Step (5) Substituting (4) into (3) we obtain relations for hi as a function of ti: 

Case I: Tc < (Ts -to) 

a) hi = a g ln 

b) hi = a g ln 

c) hi = a g ln 

a) applies to systems which have started calcifying before injec
tion, b) to systems which start and finish calcification while blood 
is active, and c) to systems which have not finished calcification 
at the time of sacrifice. 
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Step (6) Case II: Tc) (Ts - to) 

a) hi = a g ln ( ti � T c) for (to - T c) < ti < ( T s - T c) 

b) hi= a g ln (�s) for (Ts - Tc) <ti <to 

c) h · = a g ln ( T s) for to < t · < T 1 ti 1 s 

a) applies to systems which stop calcifying while blood is active, 
b) to systems which calcify during the whole time between injec
tion and sacrifice. and c) to systems which start calcifying after 
injection. 

Step (7) The above relations for hot spot activity per unit length, hi, versus 
the time calcification started, ti, are illustrated in Figures I-ll 
and I-12. 

hj 

Figure I-l l .  Activity per unit length of a hot 
spot as a function of the time 
calcification started. Case I: 
T c < ( T s - to). 
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Figure I-12. Activity per unit length of a hot 
spot as a function of the time 
calcification started. Case II: 
Tc > ( T s - �). 
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From graphs such as these, hot spot distribution histograms were 
constructed for different values of T s and Tc. The number of hot 
spots falling in a particular activity interval. h to h + Clh. is equal 
to the total number starting calcification per unit time, n, times 
the total time during which hi lies between h and h + 6 h1 consider
ing all three sections of the proper graph (Figure I-l l or I-12) . 
Figure 1-10 shows histograms with Z as ordinate ... y as abscissa, 
and l\y chosen arbitrarily as one -half. The definitions of Z and y 
are listed in Step (2). 

From the measured hot spot intensity distribution shown in 
Figure 1-10, it appears that Tc :::::: l day gives the best fit. This result may 
be entirely fortuitous. The absence of a high intensity peak in the measured 
distribution may be due to variation of hot spot intensity with position on 
the canal, different values of g and Tc for different systems, or variation of 
g with time for a given system. It suggests_ however, that a histogram meas
ured for a dog sacrificed at less than one day might show a high intensity 
peak as well as a lower total number of hot spots. 

Work in progress may indicate whether or not such a model of 
Haversian system calcification has any validity. 

Reference 
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LIQUID SCINTILLATION STUDIES 

R. E. Rowland and J. P. Averell* 

The feasibility of adding heavy metal-organic compounds to liquid 
scintillators has been investigated. If sufficient material of high atomic 
number could be added to a liquid scintillator in order to increase its 
absorption of '¥-rays, then large tanks of such a scintillator would be of 
use as detectors in our low background facility. 

It is well known that the addition of metal-organic elements to 
scintillators results in quenching, but that the addition of relatively large 
quantities of napthalene is effective to some extent in restoring the fluo
rescence output. 

The following metal-organic compounds were tested: 

Tetraphenyltin (4 cp Sn) 
Triphenylstibine (3 cp Sb) 
Triphenyltin chloride 
Triphenylbismuthiene (3 cp Bi) 
Tetraethyllead 

Of these, tetraethyllead completely quenched the solutions to which it was 
added, while the triphenyltin chloride also severely quenched the scintil
lation process. 

The following wavelength shifters were employed: 

2, 5 -diphenyloxazole (PPO) 
alpha -naphthylphenyloxazole (a:.NPO ) 
1, 4-di [2-(5-phenyloxazole)] benzene (PoPoP) 
1, 6-diphenylhexatriene 

The solutions were irradiated with the-y -rays from Zn65 (1.12 Mev). 
The maximum of the Compton distribution as determined from a pulse 
height distribution spectrum was used as the reference pulse height for 
each solution. Each solution was placed in the same glass bottle, the walls 
of which were painted on the outside with white Tygon paint, and argon was 
bubbled through the solution to remove the oxygen. The same photomulti
plier and high voltage were used for each solution. 

An anthracene crystal was employed as a reference to note any 
possible changes in the photomultiplier tube or amplifier. The results for 
each solution are expressed as a ratio of the observed pulse height to the 
pulse height obtained with the anthracene crystal. 

*Student Aide (Wheaton College). 
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In Table I-8 are tabulated the best results we obtained for each of 
the solvents employed. 

TABLE I-8 

Solvent Solute 
Wavelength 

Ratio* 
shifter 

Xylene 5 g/1 terphenyl 0.625 g/1 PoPoP 0.51 

Xylene 2 g/1 aNPO 0.475 

Xylene 2 g/1 aNPO 0. 5 g/1 PoPoP 0 5 2  

Toluene 4 g/1 PPO 0. 5 g/1 PoPoP 0 0 54 

Benzene 4 g/1 PPO 0.15 g/1 PoPoP 0.44 

Phenylcyclohexane 3 g/1 terpheny1 0. 7 g/1 PoPoP 0.40 

Phenylcyclohexane 6 g/1 PPO 0. 7 g/1 PoPoP 0.42 

Phenylcyc lohexane 7 g/1 terphenyl 0.025 g/1 
0.4 75 

diphenylhexa tr iene 

Triethylbenzene 4 g/1 terphenyl 0.5 g/1 PoPoP 0.45 

Plastic** 0. 325 

*Ratio of the pulse height (of Compton maximum) obtained from the 
solution to the pulse height from the anthracene crystal. 

**Plastic scintillator obtained from L. Wouters, University of California 
Radiation Laboratory, Berkeley, California. 

In Table I-9 are tabulated the best results after the addition of metal
organic compounds. All percentages indicated are percentage by weight. It 

will be noted that only a very small amount of these compounds could be 
added to the scintillator without undue quenching. It was concluded that the 
increase in effective atomic number of the solutions by the addition of the 
metal-organic compounds was not sufficient to justify the loss of light out
put that their addition entailed. 
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TABLE 1-9 

Metal, o/o Solvent Solute Wavelength Naphthalene Ratio shifter 
-

Phenylcy-
2. 5 3 cf> Sb · c1ohexane 6 g/1 PPO 0. 7 g/1 PoPoP 100 g/1 0.20 

1 3 cf> Sb Xylene 2 g/1 aNPO 0.5 g/1 PoPoP 12% 0.27 

2 3 cf> Sb Xylene 2 g/1 aNPO 0. 5 g/1 PoPoP 12% 0.175 

1 3 cf> Bi Xylene 2 g/1 aNPO 0.5 g/1 PoPoP 100 g/1 0.275 

2 3 cf> Bi Xylene 2 g/1 aNPO 0. 5 g/1 PoPoP 100 g/1 0.17 5 

1 3 cf> Bi Benzene 4 g/1 PPO 0.15 g/1 PoPoP 50 g/1 0.265 

1 4 cf> Sn Benzene 4.5 g/1 5 g/1 PPO + None 0.325 terphenyl 0.15 g/1 PoPoP 
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MICRORADIOGRAPHY 

R. E. Rowland 

• • • 
• 

- - 0 - • • - - -. - .. ..  - • 

With the increased resolution now available for microradiography, 
due to the use of a new camera system and an X-ray tube with a smaller 
focal spot, and with the decrease in exposure time now required for sa tis
factory results as a result of a constant-potential high voltage supply, 
microradiographs of undecalcified bone sections 50 to 200 microns thick 
can now be produced on a routine basis. 

A study is now in progress to attempt to correlate the location of 
radium in bone structure as located by autoradiographic techniques and 
the radiographic appearance of that portion of the bone section. 

In order to obtain any significant results on this correlation, it will 
be necessary to examine a very large number of bone sections. The pro
curement and preparation of these sections has so far been our greatest 
problem in this field. Ideally, we should like serial sections of undecal
cified bone about 50 11 thick. We have not been able to cut bone satisfac
torily this thick with a microtome although several different knife shapes 
have been tried. 

A technique that will work, cutting the bone sections with a high 
speed cutting edge, makes satisfactory sections but results in the loss of 
bone approximately equal to the thickness of the cutting wheeL However, 
since we can obtain such wheels about 0.005 in. thick (125 11), it may well 
be that this technique will be a satisfactory compromise. 

Any example of the resolutions obtainable from a relatively thick 
section (1 0011) is shown in Figure I-13 . 
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Figure I-13 

A microradiograph of 
undecalc ified human 
bone (produced with 
10 kv X-rays) 



POSITIVE ION EMISSION: CONDITIONS WHICH LIMIT THE 

POSITIVE ION CURRENT COLLECTED FROM A HOT 

PLATINUM FILAMENT IN DRY AIR ABOVE 

HEATED POTASSIUM CARBONATE. 

H. A. Schultz 

I. Introduction 

For studies of gaseous diffusion of interest to the Laboratory, it is 

desirable to utilize the high sensitivity of the ionization-type halogen detector. 

Unfortunately, equipment of this type often enters into regions of transient 

operation. A study of the details of the various processes occurring in this 

type of detector has been initiated in order to choose a set of conditions to 

avoid the undesirable transients. Previous work( !) has shown that it is nec

essary to maintain a controlled source of an alkali compound and to provide 

an electric field high enough to avoid space charge at the anode at all times. 

This report covers recent studies with potassium carbonate and a 

hot platinum filament in dry air at atmospheric pressure. The independent 

variables have been separated better than heretofore, and the ion emission 

domain has been mapped in terms of filament temperature, boat (source of 

ionizable material) temperature, collecting potential, filament condition 

and time. 

II. The Effect of Filament Temperature upon the Ion Current 

The equigz::q.ent being used has been described in some detail in a 

previous report. �2J The electrodes consist of a heated filament surrounded 

by a set of concentric collectors, as shown in Figure I-14. The auxiliary 

equipment has been modified from time to time, to improve its operation. 

One important improvement has been the construction of two new power 

supplies for the filament and the source of ionizable material (the boat) 
to make it possible to vary the temperature of one of these electrodes 

while the resistance, and therefore the average temperature, of the other 
is maintained constant automatically. 

The effect of the filament temperature in dry air at atmospheric 

pressure at four different boat temperatures and a collecting potential 

high enough to avoid space charge is shown in Figure I-15. The temper

atures at the middle of the electrodes were obtained by use of an optical 

pyrometer and by interpolation along resistance vs. temperature curves 

(nearly straight lines) between room temperature and the optical pyro

meter region. In the case of the boat, a thermocouple mounted at one 

end of the boat was used to aid in the construction of the calibration curve 
A method of calculation developed by Langmuir and co-workers (3) was 

. 

found to be helpful. 
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Figure I-14. Arrangement of the electrodes. 
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Figure I-15. Effect of filament temperature 

on ion current at four boat temperatures and 

a collecting potential of 130 v. Values to 

represent transient ion currents were se

lected according to the text, Section II. 

Data are from experiments 103-110, com

pared with 127-129. 



The results in Figure I-15 show clearly that in the high-filament
temperature region the ion current depends greatly upon the boat tem
perature but not upon the filament temperature. On the other hand, in the 
low-temperature region the ion current depends upon the filament tem
perature but becomes independent of the boat temperature. 

In the high-temperature region the ion currents are independent of 
time except for a warm-up period after the equipment has been off for 
some time. Practically no ionizable material is stored upon the filament. 
These characteristics imply that nearly every ionizable particle reaching 
the filament is ionized and collected. 

If the filament temperature is lowered to a value in the intermediate 
region in Figure I-15 the ion current drops sharply, then rises slowly by 
values ranging up to more than a decade, attaining an equilibrium value in 
times ranging up to more than 1 hr. In this region the ion current depends 
upon the boat temperature and slightly upon the filament temperature. A 

small amount of ionizable material is stored even though the collecting 
potential is maintained at values which should prevent space charge at 
higher filament temperatures. It is quite possible that ionization in this 
region is not due to a single distinct mechanism, but to a combination of 
the mechanisms at high and low filament temperatures. It is possible that 
the extent of this region could be reduced by improving the geometrical 
relation between the boat and the filament. The apparent energy of acti
vation of the ionization process is about 0.3 ev. 

The low filament temperature region is characterized by slow 
transients, continual storage of ionizable material, and ion currents becom
ing independent of boat temperature. The filament apparently establishes 
its own source of ionizable material. 

The data represented by the curves in Figure I-15 were obtained by 
lowering the filament temperature step by step and waiting at each step 
until the ion current appeared to be essentially constant. Overnight tests 
with all variables except time and amount of storage held constant showed 
that ion currents in the low-filament-temperature region might drop by 50o/o 

in 16 hr. 

To eliminate possible deviations due to long transients at interme
diate and low filament temperatures, another technique was employed. The 
filament was first cleaned by operating it at a temperature of 1000-1200°C 

until the background ion current had assumed a constant low value; then the 
filarnent temperature was lowered to the value desired, after which the boat 
was

_ 
�t,.a:te

)
d . The ion

_ 
cu�rent rose slowly, approximately propo

_
rtionally to 

1-e �t to , where t 1s tlme and A. and to are constant. The optlmum value 
of the current was approached in 10 min to 1 hr, after which an extremely 

slow decline set in. The ion current at the optimum was in good agreement 
with the value obtained when the temperature was just lowered step-by-step 
from higher values. 
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During short times of operation in the low-temperature region, the 
filament stores a fair portion of the material that would have been ionized, 
had the filament temperature been very high. However, the rate of storage 
decreases with time. The stored material may be recovered quickly by 
raising the temperature to a value over l000°C. If the boat is operated at 
a temperature of 555°C, an ion current of 1.6 x 10-9 amps is obtained under 
optimum conditions However, if the filament is· operated at only 655°C 
and a collecting potential of 130 v, the ion current passes through a maxi
mum of only 7 x 10 -ll amps ( < 5% of the possible) yet the average of the 
rate of storage of ionizable material plus the rate of emission is equivalent 
to 7 x 10-10 amps for short times (2.5-40 min) and equivalent to 3.5 x 10-10 

amps averaged over 16 hrs (44 and 22o/o of the possible ion current) . 

The slope of the low-temperature portion of Figure I-15 denotes that 
the rate controlling step has an energy of activation of approximately 4.2 ev. 
This is close to the ionization potential of K, 4.340 ev. ( 4J This suggests that 
the ionization of K is taking place in the gaseous phase; however, repeated 
attempts to collect electrons from the region of the filament have not 
yielded any detectable electron or negative ion currents. 

The distinctive effect of collecting potential upon ion current at low 
filament temperature will be taken up in Section IV. 

III. Effect of Boat Temperature upon Ion Current 

The effect of the boat temperature is shown in Figure I-15 as well 
as in Figure I-16. 

A plot of the logarithm of the ion current against the reciprocal of 
the absolute temperature shows curvature, possibly due to the fact that the 
ionizable material is supplied to the filament by natural convection. The 
average slope suggests an activation energy of about 1 ev. No value for 
the heat of vaporization of K2C03 has yet been found in the literature. • 

It is to be noticed that the ion current at the highest boat temper
ature in Figure I-16 is sensitive to the collecting potential. Voltage ef
fects will be taken up next. 

IV. Effect of Collecting Potential upon Ion Current 

Previous results have indicated that a positive ion emitter will 
have stable sensitivity to halogen vapors only if the collecting potential is 
made high enough to prevent space charge at the anode at all times. The 
design of the new equipment, with a thin straight filament as anode, makes 
it possible to obtain a high, fairly uniform electric field all along the emit
ting surface. Experiments with this equipment have shown that the effect 
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of the collecting potential upon the ion current is sensitive to the tempera
ture of the anode. The complex relationship among these variables is pre
sented in the paragraphs that follow and in Figures I-17, I-18, and I-19. 

The potential of the main collectors is considered as the zero for 
collecting potential measurements. The collectors may be up to 1 v posi
tive relative to the grounded guard rings due to the drop in the grid re
sistor of the direct current amplifier. The results given in this report 
were obtained with the filament and the boat at the same potential and with 
the filament hotter than the boat. Under these conditions, the boat does 
not emit an appreciable number of ions to the main collectors, nor does 
it collect ions emitted at the filament. In plotting the experimental re
sults, it is convenient to use the square root of the collecting potential as 
independent variable, even though this form of variable may not have the 
theoretical significance that it has in case electrons are emitted from the 
filament (the Schottky effect ). The electric field at the anode in volts per 
centimeter may be obtained by multiplying the collecting potential in volts 
by the geometrical constant 15.1 em -l. 

A. High Filament Temperatures. 

The effect of collecting potential at a high filament temperature 
(1190°C) is considered first. The curves in Figure 1-17 are rather similar 
to electron emission curves. At very low voltages, the ion current be
comes independent of boat temperature, and the ion current is then space
charge limited. At moderate voltages (100 v or less) the current becomes 
very nearly independent of the voltage, that is, emission limited. 

As ip previous experiments, (1) ionizable material is stored up 
under space-charge conditions and may be recovered by raising the po
tential. Controlled experiments show that if the period of operation in the 
space-charge region is only 5 or 10 min, enough extra charge is collected 
when the voltage is raised to make up for at least 85 to 95% of the dis
crepancy between the space charge limited ion current and the em iss ion 
limited value. 

B. Intermediate and Low Filament Temperatures 

At lower filament temperatures, the curve of log ion current vs 
square root of the collecting potential (Figure l-18) shows a much less 
definite knee. The ion current does not seem to approach a definite 
saturation value but behaves somewhat as if the ions were formed in holes 
into which the field could not penetrate completely, such as grain bound
aries or spaces near a crystal upon the surface. 
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V. The Effect of Filament Condition and of Time 

The ion current is affected by the three independent variables, fila
ment temperature, boat temperature, and collecting potential; and in addi
tion it is affected by two other variables. time and filament condition, which 

J 

are not as easily controllable. 
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The number of positive ions that may be taken off the filament by 
raising the temperature and the collecting potential has been used as a measure 
of the filament condition. However, it is not a unique measure since the 
effect of the stored ionizable material depends upon the history of the ma
terial. 

A filament upon which material has been stored at low filament 
temperature may be subJected to a closed collecting potential-temperature 
cycle which does not change the amount of material stored but completely 
changes the effect of the material upon the ion current at low temperature. 

Except for a warm-up period after the equipment has been off for 
some hours, transient (time-dependent) ion currents are always accom
panied by changes in the amount of stored material. The converse is not 
true; it is possible to store up material without having the ion current 
change at a detectable rate, for instance, under space-charge conditions. 

In the experiments performed so far, the amount of charge re
covered from the filament at any one time has never been great enough to 
provide a monolayer of Kover the entire surface (approximately 10-4 
coulombs) . 

VI. Recapitulation of the Results 

Ions may be collected off a heated platinum filament operated under 
a great variety of conditions, some stable, some transient, some halogen 
sensitive, some insensitive. A three-dimensional model has been found to 
be useful in the discussion of background ion currents (no halogens) . The 
model shown in Figure I-19 combines data taken at a constant boat tem
perature of 555 + 5°C, including data from Figures I-15-I-18 and other data. 

In the region represented by the flat top of the model (Q), @, G) , 
in Figure I-19) the ion curre'nt is independent of filament temperature, col
lecting potential, and time. Very little ionizable material is stored. The 
ion current is, however, strongly dependent upon the temperature of the 
boat. Apparently, practically every ionizable particle striking the filament 
is ionized. Halogen sensitivity under these conditions would probably de
pend upon having the halogen increase the rate of release of ionizable ma
terial from the boat. 
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Figure I-19. Positive ion current (upward) as a function of filament tem
perature and collecting potential at a constant boat tempera
ture of 555°C. The model is described in Section VI. Sections 

represent data from Experiments 102-110, 116-129, 132-134. 

To the right of the flat top (@ and ® in Figure I-19) is the region 
in which the ion current depends only slightly upon the filament tempera
ture. Some material is stored upon the filament. Changes in ion current 
tend to be slow. It is expected from previous results that operation in this 

region will yield sensitivity to halogens . 

To the far right of the model is the low-filament-temperature 

region @. The ion current depends upon the filament temperature, the 
collecting potential and the time but becomes independent of the temper
ature of the boat. Material is stored continually. Maximum values of the 
time-dependent ion current were used in making the model. No data are 
available on halogen sensitivity in this region, but it is expected that it 
will be either absent or time dependent like the background current. 
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To the left of the flat top is the space-charge region. The ion 
current becomes independent of filament temperature and boat tempera
ture and depends mostly upon collecting potential and somewhat upon time. 
Material is stored continually upon the filament. On the basis of previous 
results,(!) operation in this region will yield absolutely no halogen sensi
tivity. In agreement with earlier results, present data indicate that a de
posit is built up beneath a layer of space charge. 

In the front corner of the model @ and (2) the ion current combines 
the features of the regions to the right and to the left. The ion current de
pends upon filament temperature, collecting potential, and time. Material 
is deposited continually. No useful halogen sensitivity is expected. 

In Figure I-19, slanting sides taper inward in two directions toward 
the flat top portion. This model represents a single boat temperature. 
Models constructed for other boat temperatures would be similar in shape 
so that a whole series could be nested or stacked in the vertical direction. 
(See Figure I-16.) The area of the flat top would be smaller at higher boat 
temperatures as the slanting portions move inwardly. Since the flat top is 
the region of time -independent operation, the question at once arises as to 
how high a non-transient ion current can be achieved with platinum and 
potassium carbonate in dry air. If the melting point of Pt (177 3. 5°C) is the 
limit, then the present arrangement would be expected to approach a maxi
mum non-transient ion current of 4.5 x 10-z amps, or 90 ma/cmz. It is 
possible that a higher current density might be achieved by a more favor
able geometry. However, the limit might be reached at a temperature below 
the melting point of platinum due to some other mechanism, for example, 
desorption of oxygen from the surface. 

This report has given a map of the domain in which positive ions 
are formed by a heated Pt wire in dry air containing potassium carbonate. 
At least two types of ionization processes and at least two types of storage 
processes are involved. 

Acknowledgement is made to Mr. W. Prepejchal for his assistance 
in this work by designing and constructing electronic equipment and by 
taking data. 
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RADIUM TOXICITY 

I. Introduction 

C. E. Miller 

The low-level -y-ray facility previously described(! ) has been used 
extensively during the last six months to measure the radioactive burden 
of humans. The-y -ray spectra have been obt4ined of normal, healthy, un
exposed individuals as well as of contaminated subjects. It is possible 
with a 10-min run to determine that the subject has a burden in excess of 
5 x 10-9c of any -y-ray emitter whose energy is 40 kev or above. Conse
quently, the Health Division has been enabled to assess correctly the mag
nitude of the exposure and subsequent procedure to be followed in those 
cases where internal contamination was probable since they have had in
formation as to the isotope, the amount involved, and the location within 
3 0 min of the time the person arrived. This has resulted in a considerable 
saving of their time since without this facility they would have to wait at 
least 24 hr for the collection and analysis of an overnight urine sample. 

One case, for example, is that of a physicist at an eastern univer
sity who spilled a small part of a several-curie Tm170 source. This source 
had mistakenly been shipped in place of a 2-mc Hf source and the spill was 
handled as if it were a small amount of Hf. The true nature of the isotope 
was discovered at a later date by which time most of the excretable com
ponent would have been eliminated from his body. He was brought to our 
laboratory to determine the amount fixed in the body. Since the 52-kev and 
the 84-kev line from Tm170 in a human may be detected with a resolution of 
1 Oo/o, it was readily proven that he had a burden of considerably less than 
l0-9c, and consequently there was no further cause for concern. 

A second case was that of a chemist at a western universtty who 
received a puncture-type wound contaminated with Amz-.1• Since AmZ41 emits 
only one -y-ray of 60 kev, it was not possible to detect it with a plastic or 
liquid scintillation counter. The data on this subject follow in a later section. 

It has been possible to measure the amount of Sr90 retained in several 
dogs which the Biological and Medical Research Division ha·d injected from 
8 to 10 yrs ago. Although Sr90 emits only a f3 -ray, it ts possible to detect it 
by bremsstrahlung. A total body burden in a dog of 1 J.Lc �ives a counting 
rate equal to the background. It is possible to work at 1/10 of background 
or 0.1 J.Lc of Sr90 if long counting times are used. 
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RADIUM TOXICITY 

II. An Americium241 Accident 

R. E. Rowland, C. E. Miller, and L. D. Marinelli 

A worker in a laboratory in California who had received a puncture 
wound which resulted in the contamination of his thumb with Am241 was re
ferred to us for a body-burden determination. 

Am241 is an a-emitter with a half life of 4 70 yrs. About 40% of the 
a-disintegrations are followed by a -y-ray of 60 kev. This element is a 
bone-seeker for which the permissible level has been set at 5.6 x l0-8c.(2) 

Since the energy of the 'Y-ray emitted is quite low, a system with 
high resolution at low energies such as Nal is required for its detection, 
rather than a system based upon plastic or liquid scintillators. 

Measurement of the individual in the one-meter arc position(3) would 
give the absolute magnitude of the body burden if the level was high enough 
to be satisfactorily detected in this position. This turned out to be the case 
so that with a calibration source of Am241, a background reading from an un
contaminated individual of the same body size, and readings from the subject 
facing toward and away from the detector, we were able to calculate the body 
burden. For these and subsequent measurements the hand of the subject was 
wrapped in lead so that the reading obtained represented the Am241 that had 
migrated from the wound into the rest of the body. 

In order to improve the accuracy of our results, it was necessary to 
determine the K40 content of both the accident victim and the control, for the 
background counting rate at 60 kev is dependent upon this quantity. It was 
found that the K40 content of the control was 1.1 times that of the subject, and 
this correction is incorporated in the results. 

A reciprocal depth-dose curve was obtained for Am241 'Y-rays in a 
Presdwood phantom, 20 x 20 x 20 em. The results plotted on semilog paper 
yield a straight line. 

The calculation of the body burden from the measurements taken in 
the meter arc position was performed as follows: 

1 
S - [Nl NzJ2 e-fJ.' d 

N3 2 • 



Here 

S = the body burden in J..LC. 

N1 and Nz are the observed net counting rates from the subject 
facing toward and away from the counter, respectively. 

N3 = the counting rate from one J..LC of AmM1 at one meter, 
through a Presdwood phantom the thickness of the subject. 

J..L 1 = 0.135 . This is the fictitious absorption coefficient, ob
tained from the slope of the straight line of the reciprocal 
depth dose curve. (Since the latter is a straight line, the 
correction factor usually applied is unity in this case. 

The reading obtained in the chair position was related to that meas
ured in the one meter arc position to calibrate the chair position for 60-kev 
-y -rays. The relationship is 

Where 

R - • 

R is the body -y-ray activity. 

Cp is the counting rate of the subject in the chair position. 

CR is the counting rate of 1 J..LC of AmM1 at 1 meter. 

F is the number of f.lC of AmZ41 at 1 meter equivalent to 
1 f.lc AmZ41 distributed in the subject's body. 

The results for the arc and the chair position are summarized in Table I-1 0. 

The subject was next measured on the scanning table. Here the de
tector is placed on a movable cart under a thin plywood bed; the portion of 
the subject viewed by the detector is limited by a collimating window. Counts 
were made at 25-cm intervals, starting at the top of the head. 

The highest readings were found under the chest and midsection of 
the body; the readings obtained from the legs were quite low. An attempt 
was made to calculate the total body burden from these readings by assum
ing that the total AmZ41 activity could be represented by 17 point sources, 
each placed in the center of the body, 10 em apart, from head to toe. From 
the signal obtained from a standard source of AmZ41 in a phantom, it was 
possible to calibrate the detector. This system of calculation would be ex
pected to give an upper limit to the total body burden. The quantity calcu
lated by this technique was 3. 5 x 1 0 -z J.lC. 

Hence, it is apparent that the scanning technique will permit a real
istic estimate to be made of a body burden as well as yielding a qualitative 
indication of the location of the activity. 
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TABLE I-10 

Summary of data 

ccw .. . 

150 175 

Meter arc position Chair position 

Subject in meter arc position, 
total count 

Cbntrol in meter arc 

Correction factor for K40 ratio, 
control versus subject 

Background, meter arc position 

Net lrn24 1 count 

1 JJJ; /lm24 1 at one meter through 
17 an Presdwood 

f.J.' 

25.0 c/m 

1.1 cjm 

25.0 c/m 

1.1 

31. 1 c/m 

- 22.7 c/m 

a. 4 c/m 

82.0 c/m 

Subj ect in chair, 
total average 
count 

Cbntrol in chair 

Background, 
chair position 

Net 1rn141 

c 
R = P 

�X F 

44.2 c/m 

44.2 c/m 

1.1 

90.9 cjm 

= 40.2 C/m 

SO. 7 cjm 

d/2 

0.135 =-' 

8.65 em 
so. 7c/m 

F = ____ __:_ ___ _ 

373 c/m x 3.2 x 10-z f.J.C 

s = 

-
8.4 

e·o. us x a.ss 

97 

S = 3.2 x 10-z f.J.C 

F = 4.25 



RADIUM TOXICITY 

III. Bremsstrahlung Measurement of Sr90 in Dogs 

P. F. Gustafson* and C. E. Miller 

The usual method of determining the radioactive body burden of an 
animal containing an isotope which is solely a ,8-ernitter, is to sacrifice the 
animal and assay the radioactivity in the carcass. This method has one 
major drawback: that is, the experiment ends rather abruptly, andno further 
information will ever be available as to tumor incidence and other long-term 
effects. 

We were fortunate in the case of Sr90 in that although this isotope 
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may not give rise to much bremsstrahlung radiation, having a ,B-energy of 
0.6 Mev, the Y90 daughter has a 2.2 Mev ,B-ray which should be a good source 
of brerns strahlung. Preliminary tests using a 20. 5- JJ.c Sr90-Y90 solution in 
a glass flask showed an abundance of counts when placed 40 ern from the 
counter, sufficient Lucite being placed between the source and the counter 
to absorb all the 2. 2-Mev ,B-rays. 

The equipment employed consisted of a cylindrical Nai crystal 4 in. 
in diameter by 1! in. thick used in conjunction with a DuMont 6364 photo
multiplier tube. The counter output was fed into a 24-channel analyzer. 
The counter assembly was placed in the iron room (8 in. Fe) in order to 
work in as low a background area as possible. The animals counted in this 
case were dogs. A light plywood table with a Lucite arc of 50-ern radius 
was as sembled to position the dogs while counting was carried out. Provi
sions were made to tie the dogs on this table in such a way that good geom
etry would be assured. However, it was found that less strain was put on 
both dogs and personnel involved if a person sat in the room with each dog 
during the counting period. The dogs were then merely placed in a lying 
position, bent so as to conform to the arc. Being of a quiet nature with one 
or two notable exceptions, they would remain still for 15 to 20 min, which 
was sufficient time to obtain an accurate count. 

The 14 dogs measured are a part of the long-term radiotoxicity ex
periments which have been followed by the Experimental Pathology Group 
of the Biological and Medical Research Division. Some of the dogs actually 
date back to the early days of the Metallurgy Project. These animals may 
be divided into 3 groups: Group I. 80-90 JJ.c Sr90 injected 8 years ago; 
Group II. 1-2 me Sr90 injected 1 - 2 yr s ago; Group III. Dogs injected 
9- 10 yrs ago with a solution consisting primarily of Sr89 (54 day half-life), 

*From the Division of Biological and Medical Research. 
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but possessing a small but unknown amount of Sr90 as a contaminant. It 
was the Sr90 contaminant in the Group III dogs which we wished to measure. 

Dogs of Groups I and III were counted at a distance of 50 em from the crys
tal to the arc, whereas those of Group II gave too high a counting rate at 

such a short distance, and they were backed off to 130 em crystal-to-arc 

distance. A control dog having no past history of radioactive injection was 
run for background purposes, The dog handler was also counted in the back
ground run as he was present in the case of all the dogs. 

The production of bremsstrahlung depends not only upon the energy 

of the {3-rays involved but also upon the Z of the surrounding medium in 

which the radiation actually originates, Using a Sr90-Y90 solution enclosed 
in glass is not the most exact way in which to determine bremsstrahlung 
produced in vivo. Therefore a dog of the approximate size and age of those 

measured was injected with a known amount of Sr90-Y90 in equilibrium, An 
accurate account was made of all excretion, and by means of the difference 
between injected dose and that excreted, the body burden at the time of 

measurement was established. Counts were taken at 7, 14 and 29 days. 
The counting rate during this time decreased in proportion to the excretion 

thus implying no change in distribution. The reason for spacing the counts 
in time was to assure that the isotope was localized in those positions 

where it would remain more or less permanently, Then the distribution in 
the newly injected animal may be assumed to be identical to that existing in 
the animals injected some years ago. This is necessary in light of the Z de
pendence of the radiation, as conceivably the production of bremsstrahlung 
might be quite different if in one case the Sr90-Y90 were primarily in the 
soft tissue and in the other mainly in bone, 

The results of the measurements are shown in Table I-ll, Age of 
the dogs at time of injection and the injected dose are indicated, as well as 
the approximate time which has elapsed since injection, The per cent of 
injected dose retained has meaning in the case of the Group I and II dogs, 
but. cannot as yet be correlated with the injected dose in the Group III dogs 

as the relative concentration of Sr89 and Sr90 were not accurately known. 

Since measurement has proven to be quite simple, it will now be possible to 

measure these and other Sr-injected dogs periodically, and thus obtain long
term retention values without the need for sacrificing the animals. 

We are indebted to Walter Kisieleski for determining the Sr90 excre
tion values for the newly injected dog, to L. D. Marinelli for helpful advice 

throughout the experiment, and lastly, to 0, J. Steingraber, whose patience 
and consolation made the actual results possible, .These measurements 
were undertaken at the request of Dr, Walter D. Claus of the AEC to supply 

data on long term Sr90 toxicity without sacrificing valuable animals that had 

been injected up to 10 years ago. 



51 

TABLE I-ll 

Injected Years 
Retained dose Per cent 

Dog Age at time as of injected 
dose . .  s1nce 

No. of injection November 1955 dose 
(me) mjection 

(f..Lc) retained 

Group I 

180 .080 5 months &i- 18.8 23.5 

181 .086 5 months 8� 20.7 24.1 

182 .094 5 months at 14.4 15.3 

Group II 

184 2.25 6 years 1 266.8 11 . 9 

185 2.00 5 years 2 1 71 .1 8.6 

190 2.55 6 years 1 3 51.0 13.8 

191 2.85 6 years 1 390.7 13.7 

193 2.25 6 years 1 172.5 7.7 

194 1. 95 6 years 1 233.1 12 .o 

Group III 

85 2.154 Adult 10 2.9 0 1* 
• 

87 2.460 Young adult 10 9.3 0.4 

122 3.2 Young adult 10 5.4 0.2 

135 1.01 6 months 9t 24.9 2.5 

147 1.07 Adult 9� 9.9 0.9 
-

*Retained as Sr90 in Group III. 
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RADIUM TOXICITY 

IV. Progress Report: Measurement of the )'-Ray Activities 
from the Human Body 

C. E. Miller and L. D. Marinelli 

The external )'-ray spectra of 42 normal, healthy humans have been 

obtained in our low-level facility. Twenty-nine of these subjects were from 

the Chicago area, 10 from outside the continental U.S.A., but fromthe north
ern hemisphere, and 3 were from the southern hemisphere. Their respective 

spectra have been analyzed to identify the isotopes present and in the case of 

the Chicago-area people, the amount of the isotope determined. 

Since naturally occurring K, of which 0 ,1120/o is the radioisotope K40, 

constitutes 0 .250/o of the lean body weight, a 70-kg man contains about 13 5 g 
of K and consequently about 10-8 c of )'-activity. In order to determine the 
absolute amount of K present, the Chicago-area subjects were given 2 J..LC of 
K4z orally after the normal spectrum had been obtained. At various times 

after the dose was administered the new gross spectrum was obtained, and 
by subtraction of the previous normal spectrum, the net K4z spectrum in vivo 

was obtained. All of the excretions were collected and the amount eliminated 
recorded. The counting rate was corrected for the decay of K4z (half life 

12.44 hr) and for the amount eliminated for each specific timed interval. 
Figure 1-20 shows the corrected counting rate at different times after the 
dose was given for the subject with the highest counting rate and for the one 

with the lowest rate. All other subjects fell within these two limit curves. 
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The mihal countmg rate is quite h1gh smce the matenal 1s shll concentrated 
w1thin the abdominal cavity, an area quite close to the crystal. As it is 
distributed to the extremities of the body, the sohd angle subtended to the 
crystal is reduced and thus the counting rate drops. Once the K42 reaches 
equilibrium wlth the body's own K, the counting rate should decline with the 
half-life of the 1sotope or, on the corrected plot shown here, should follow a 
horizontal lme. It is interesting that even though the mitial countmg rate is 
different from one subject to the next, the curves seem to converge up to 
300 min and then d1verge aga1n with no apparent correlation between early 
values and f1nal values. 

An amount equal to the admimstered dose is diluted in 40 5 g of 
distilled water and placed 40 em from the front surface of the crystal. 
A ratio or geometrical factor (g) is gotten between the K42 in the bottle 
and the K42 in v1vo. The same geometncal factor should exist between 
a �0 source, 1n an equ1valent electron mass of 405 g of water, and the 

K40 m v1vo. (4) Thus the counts/minute from a subject is multiplied by his 
own �z (g) factor, compared to the c/mm from a standard �0 bottle and 
the grams of K calculated. Table I- 12 gives the values for 9 subjects. 

TABLE I-12 

Some total potass1um measurements in normal human beings 

Age Weight He1ght GramK 
% of total %of 

Subject Sex body 
years kg 1nches m body E.B.W. 

weight 

Total E.B.W. 

J. M. M 23 80 64 74 178 .224 .28 

M. H. M 28 89 64 72 166 .186 .26 

R. B. M 34 94 65 72 152 .162 .23 

A. H. M 26 82 62 72 172. .21 .28 

w. c. M 23 56 48 70 108 .193 .23 

I. F. M 24 72 53 70 126 .1 75 .24 
I 

W. A. M 27 87 62 71 135 .155 .22 

G. B. M 25 77 59 72 163 .21 .28 

E. A. M 2.9 84 67 75 138 .164 . 2.1 

cJ' E.B.W. - .315 kg+ 5.86 m3 - 0.4 -
I I I I I 
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These values were calculated using (g) factors gotten 24-28 hr after the 
tracer had been gtven and only those )'-rays were used whose energy was 
above 835 kev. Column 4 lists the actual weight of the subjects in kg as 
well as their essential body weight {E.B.W.), calculated using Dr. Thomas 
A. Allen's (S) blood volume equation. In this equation, shown at the bottom 
of Table I-12, kg is their gross weight and M is their height in meters. 
Columns 7 and 8 list the percentages of the total body weight and of the 
E.B .W. whtch is K. No particular correlation exists regardless of which 
weight is used. Consequently this equation, while correlating blood vol
umes to heights and weights, does not hold for the K content of the body . 

If the K4z tracer is actually in equilibrium wtth the K40 in the body, 
then the amount of K calculated using any energy band should lead to the 
same result. The spectrum was broken into 4 bands, mainly 40 kev to 440; 
440 to 835; 835 to 1.23 Mev and 1.23 Mev to 1.575 Mev, and the geometri
cal factor (g) gotten for each one Table I-13 lists the (g) factors calcu
lated using these four bands and the resultant K content of subject G.B. 

Band in kev 

40 to 440 

440 to 835 

835 to 1230 

1230 to 1575 

TABLE I-13 

Calculated values of K in vivo 

G factor 

. 662 

. 873 

.945 

l. 27 

Gm Kin vivo 

174.5±2 

200 

123 

134 

± 6 

± 6 

± 6 

Obviously, the amount of K present as calculated by the two higher 
energy bands, while agreeing with each other, do not agree with the values 
calculated for the 2 lower bands. Figure I-21 shows the net )'-ray spec
trum from subject G.B. , a typical Chicago-area human, as well as his 
normalized K4l curve. 

The net spectrum from subject B demonstrates a definite photopeak 
at . 663 Mev which is due to another isotope. One isotope which emits a 
. 663 Mev )'-ray is Cs137, a fission product. In order to prove that this as
sumed photopeak was real and that 1t originated within the subject, over
night urine samples were collected and ashed . The)' -ray spectrum of this 
thin ashed urine sample as well as the spectra of a thm enriched K40 sample, 
of a thin Cs137 sample and of a Ra sample were obtained. The spectra from 
the thin K40 source did not demonstrate a peak at 663 kev and thus this peak 
is not a false line due to instrumentation, selective scattering, etc. Upon 
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analyzing the 'Y-ray spectrum of a 3-day urine sample, it was found to con
tain 2. 68 g of K, about 5 JlJlc of Ra and about 2 x 1 o-11c of Cs137. Conse
quently, we assume that the Cs137 actually exists in vivo. The best estimate 
to date is that the maximum atn)unt found in any person is 4 x 1 0- 9 c. The 
permissible body burden is 90 JlC or 2, 500 times this amount. This is not 
unexpected. While the principal -y-ray emitting fission products within the 
first year are 35 d Nb95 , 42 d Ru103, 30 d Ce141, 1 yr Ru106 and 275 d Ce144, 
all of which completely mask the 37 yr Cs137, the body selectively absorbs 
Cs with 100% efficiency and essentially enhances its abundance by a factor 
of 5000 with respect to the other isotopes except Nb95. However, the sub
jects must have a constant intake of Cs if the accepted biological half-life 
of 17 days is correct. It is possible that a certain percentage of the total 
ingested Cs is mixed in the alkali pools of the body and is eliminated at a 
much slower rate resulting in a longer effective biological half-life. Tests 
made on the Chicago water supply, while showing some radioactivity, have 
been inconclusive. No tests have been made on food. Although the absolute 
value varied from subject to subject, every person checked, regardless of 
his native country had some Cs present. The three people from South 
Atnerica were no exception. Further work is being performed on two sub
jects who have accidentally ingested Cs134. 
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It has been assumed up to this time that the only important 'Y -ray 
emitter in the body was K and the amount could be determined using any 
system which only detected and counted the total 'Y -rays. In the light of 
the presence of this other isotope, it is now obvious that the counter must 
possess 'Y-ray discrimination. It is possible with this system and the above 
discussed energy band technique to detect quantities of other materials down 
to 1 o-10 c if the energy is considerably less than 1.46 Mev. 

If the isotope emits a 'Y-ray whose energy is above 1.6 Mev, then the 
lower detectable limit is set only by the stability of the background of the 
room, and the accuracy with which it is to be measured in a specified time. 
The K content of the subject need not be known. 

We wish to express our appreciation to Dr. A. F. Stehney for pre
paring and calibrating the K42 tracer doses; for supplying other standard 
sources and for ashing urine samples. We would like to thank the Bioassay 
Group for ashing several large urine samples. 0. J. Steingraber assisted 
greatly by collecting, recording and plotting the data. 



RADIUM TOXICITY 

V. Summary of Several Contamination Studies 

C. E. Miller and 0. J. Steingraber 

Collaborating with Drs. A. J. Finkel and E. A. Hathaway of the 
Health Division we have measured the body burden of several subjects 
in which the Radiation Safety or Bioassay Reports had indicated that the 
person might have an internal body burden. In other instances,the subject 
was an older employee of the Laboratory who had worked with consider
able amounts of activity for a number of years, and it was of interest to 
measure any burden he might have accumulated. 

No internal contamination has been found in the subjects which 
have given high urine or fecal readings. Evidently the submitted speci
men had either been accidentally contaminated or the ingested material 
had been in an insoluble form and was thus entirely excreted. 

External contamination of 4 of the subjects was examined. Radi
ation Safety personnel found one individual whose hands gave a reading of 
a fraction of an mr/hr wherein the material could not be removed with 
any of the usual decontaminating agents, including the strongly oxidizing 
and complexing, since the subject had unfortunately used an abrasive soap 
at first and had ground the material into his skin. Other employees, while 
initially contaminated with the same material, had used a mild soap and 
had no trouble removing the activity. Although this was not a significant 
amount from the health standpoint, the identity of the material was of in
terest since it was not known where the activity had originated nor why it 
would not scrub off. A 4-min run on his hands was sufficient to identify 
the main contaminant as Na 22 with traces of Ru-Rh106 and Nb-Zr 95 also 
present. 

The ')'-ray spectra shown in Figure I-22 was obtained from a sec
ond subject, H.O., who was typical of those working in a particular area. 
It is interesting to note that his hair had selectively absorbed iodine while 
his hands were contaminated with either Fe59 or Co60• These last-mentioned 
isotopes emit ')'-rays of the same energy and cannot be separated as to iden
tity unless coincidence measurements are made. Washing the hair of this 
individual 3 times with Phisoderm reduced the activity by about 20%. Only 
about 40% of the activity on his hands could be removed by scrubbing. 

A third subject who was a typical member of another group, gave 
the spectra shown by Figure I-23. This subject had not worked with any 
radioactivity for 2 weeks. His hair was slightly contaminated with Cs137 

which would not wash out. His total body spectrum was obtained, both 
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before and after his entire body was thoroughly scrubbed with no detectable 
change between the 2 runs. If this activity is internal, the subject may have 

a body burden as high as 1 o-8 c of Cs137 or 1/1000 of the permissible level. 

Neither of the two long-term employees had an appreciable total 
body burden. It would be necessary to determine a net K42 tracer spectrum, 
in vivo, before precise estimates may be made. 

Although none of these subjects had a body burden of any importance 

they were of interest since decontamination methods could be readily tested 
with a concomitant demonstration of the extreme sensitivity of this facility 

as contrasted to the barely detectable levels by the routine health physics 
methods. 

An important aspect of these runs is the demonstration of the prob
lem of surface contamination in those cases where a determination of the 

internal body burden may be desirable. 

Since experiments are being performed in this room continuously, it 
is usually only a matter of minutes to switch ranges and setups to analyze 
any laboratory accident victim if the need arises. 

Out of curiosity, the 'Y-ray spectrum of the dirt from the senior 
author's home vacuum sweeper was obtained, yielding the data shown in 
Figure I-24 .. Samples of vacuum S'weeper dirt from two other homes in 

Park Forest, Illinois, one home in Tefft, Indiana and one in Cleveland, Ohio, 

were checked; all gave identical spectra except for slight differences in 
peak heights. One sample from the writer's home contained a total of the 
order of 1 o-8 c of activity, representing the dirt from 5 rugs over a period 
of less than a week. Since the various rug samples all yielded activity of 
about the same order of magnitude it is evident that it was not tracked 
home from the laboratory. 
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PROGRESS REPORT: INSTRUMENTATION AND USE 
OF a-RAY PULSE CHAMBERS 

Harold A. May 

The quantitative analysis of RdTh in samples of bone-extracted ma
terial, in the presence of much greater concentrations of Ra, should be 
feasible by counting the 8. 776 Mev a-particles produced in the decay of 
ThC {PoZAZ). The energy resolution need be only great enough to separate 
this from the RaC 1 a-ray at 7. 683 Mev. The present program is directed 
toward proving the feasibility of the procedure. Since a large number of 
determinations is anticipated, it is desirable to minimize the time re
quired for each one, and to keep instrumentation to a minimum. 

The gridded ion chamber has been previously described in brief. (1) 
Further tests of the preamplifier were made and all parameters adjusted 
for minimum noise. A number of type 5654 {premium 6AK5) tubes were 
aged 500 hr and from these the best one selected for the in:{>ut stage. A 
commercially-built version of the Higinbotham amplifier(2J was available 
with the desirable features of continuously variable gain over a large range. 
However, despite some modifications resulting in improved output amplitude 
and linearity, it is rather unsatisfactory, especially with regard to long
term gain stability. It will be replaced as soon as possible. This amplifier 
is followed by a biased-diode subtracter and post-amplifier essentially the 
same as reported by Engelkemeir ,(3) and a 1 0-channel analyzer. The latter 
is based on the simple single-channel instrument designed by Robert K. 

Swank of the Physics Division, which has been found very satisfactory. 
Some changes in circuits were necessary to accommodate the slower ris
ing pulses from the ion chamber. Channel widths are approximately 5 v, 
with the lowest channel threshold at about 35 v. This minimized effects 
due to pulse non-linearity arising from curvature of the diode characteristic 
near cutoff. Over -all system linearity from preamplifier input to analyzer 
input appears to be about 3%. 

Some study has been made of analyzer channel width stability. A 
sliding pulse generator in which the voltage applied to a mercury-wetted 
relay is caused to increase slowly with time was used. The linear saw
tooth waveform may be generated by electronic means or by a motor driven 
Helipot. Both methods have been tried and give comparable linearity. The 
short-term {periods of 10 min to 2 hr) drift in channel width, expressed as 
rms value for 10 channels, is 2.8% of one channel width, with a maximum 
observed drift of 6% between one set of adjacent channels. The rms drift 
for one set of observations covering a week of observation was only 3. 6%. 
There seems to be no information in the literature for comparison, and 
these data are admittedly of low statistical accuracy; they nevertheless 
would seem to indicate that the analyzer is adequate for the pu:rpose intended. 
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It is necessary to open the chamber volwne to the atmosphere for 
introduction of the sample. Following this, it is normally pwnped down to 
a pressure of 10-20 1-L· and the counting gas is admitted. Argon with lOo/o 
methane has been used to date with flow rates around 100 cc/min. It is 
observed that the maximwn pulse he1ght produced by a given a.-energy 
slowly increases as the amount of oxygen or other electron-capturing im
purities are swept out. A penod of 2 hr, at least, is required to stabilize 
the chamber but this may be halved if the chamber is pwnped and flushed 
once with gas. Whether this constitutes a limitation to the nwnber of 
samples analyzed depends of course upon their counting rate, but regard
less, it would be desirable to reduce the time required between samples. 
It has been reported that the use of argon with 2-4o/o nitrogen allows one 
to tolerate a much higher oxygen contamination. We plan to verify this 
as soon as a quantity of argon-3o/o nitrogen, now on order, is received. 

Satisfactory operation of the present chamber for a.-energies of 
7 Mev and above requires pressures of around 2 atmospheres. Operation 
with a constant flow of gas being exhausted to the room may be more con
venient and practical than use of a closed recuculating system with purifier. 
Studies are under way to determine the amount of pressure fluctuation al
lowable. This should conclude the preliminary phase of the investigation 
and allow full attention to be directed toward determining the reliability 
and sensitivity of the system as a tool for quantitative measurement. 
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D RIFT VELOCITY OF ELECTRONS IN GASES 

Joseph C. Bowe 

I. Results in Argon 

Drift velocity curves of electrons moving in argon under the action 
of a uniform electric field have been obtained for values of Ejpo"� ranging 
from 0.005 to 1.6 v/cm/mm Hg. An oscillographic method(l,2) utilizing 
photoelectrons released by fractional microsecond light flashes was used. 
The data,taken immediately after tank argon (Cleveland Wire Works, 
99. 99% pure) was admitted into the chamber, show maxima for Ejpo at 
0.01 and 0.55. The peak at 0.01 was first reported by W. N. English and 
G. C. Hanna of Chalk River in their paper on measurements of electron 
drift velocities in gas mixtures. (3) They suggested that this peak might 
be associated with a "Ramsauer maximum" in the electron mean free path 
and that the crucial test of this hypothesis would be to examine the drift 
velocity in very pure gases in the low Ejp range. On the basis of the data 
presented in Figure I-25 1t must be concluded that this maximum is due to 
a gaseous impurity (probably oxygen) which is removed by the hot calcium 
at 340° C. The second maximum for Ejpo at 0. 55 could be due to about 
0. l% nitrogen, judging from previously published curves. (4, 5) These 
statements concerning the origin of the observed peaks are, of course, 
only conjectures which remain to be proven. 

It is well known that any gaseous impurity which has low-lying mo
lecular energy levels will cause an increase in drift velocity and drastically 
alter the shape of the curve. Although Nielsen's(6) value of velocity is 35% 
higher than the present value, at Ejpo = 1. 5, it is interesting to note that 
the two curves can be brought into near coincidence by subtracting l. 5 mi
croseconds from the measured time values given here. 

II. Calibration, Resolution and Accuracy 

A block diagram illustrating the procedure used in these measure
ments is presented in Figure I-26. The light source is flashed at will by 
means of a trigger circuit operated by a hand contact switch. Typical os
cillograms of the current pulses obtained are shown in Figure I-2 7. The 
electron transit time is taken as the distance between the midpoints of the 
beginning and end of the current pulse. 

>:<The observed pressure p at T° C is converted to pressure po at 0° C. 
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No attempt is made to calibrate the sweep speed accurately. Rather, 
the time interval between "any two points along the trace (except for points 
very close to the start) is determined. This calibration is made from os
cillograms of crystal oscillator waveforms obtained under conditions iden
tical with those where the drift velocity data are taken. In addition to 
triggering the sweep identically, none of the controls on the oscilloscope, 
such as intensity, trigger amplitude, etc., are disturbed. The oscillo
grams are read by enlarging them by approximately 27o/o. The trace is then 
divided into 100 divisions over a distance of 5 in. The peaks of the sinusoidal 
waveforms can easily be localized to within ± 1/2 division. Therefore, the 
time interval of any two points along the trace is known to within ± 1 o/o of the 
sweep speed. If it be assumed that the midpoints of the current oscillogram 
can also be located to an accuracy of± 1/2 division, then the over-all accu
racy in determining the transit time is ± 2o/o of the sweep speed used. One per 
cent is contributed by calibration and 1 o/o by reading the current oscillogram. 
The limits within which successive, independent readings of the oscillogram 
can be reproduced has not as yet been determined. Neglecting this source 
of error for the time being, it is seen that the drift velocity is not measured 
with constant accuracy over the entire length of the curve. Thus, the accu
racy of the points on the 425° C curve of Figure I-25 varies between 2o/o and 
4%. 

III. Discussion 

This method of determining drift velocities of electrons is capable 
of good resolution. The limits of accuracy are determined mainly by the 
techniques used in reading the oscillograms. The difference between 
Nielsen's curve and the present one (Figure I-25) seems, at first glance, 
to lie in the calibration. However, it is very improbable that this differ
ence can be as much as the 1. 5 f.1 sec needed to bring the curves into coin
cidence. It is possible that the composition of the gases is not the same, 
but if this were the case, one would expect a drastic difference in the form 
of the two curves. 

The finite time duration of the light pulse is not taken into account 
when determination of the electron transit time is made from oscillograms 
such as are shown in Figure I-2 7. It is not clear how this correction should 
be made, if indeed, it should be made at all. 

When proof is obtained that our calibrations and techniques are ac
curate, the drift velocity curves in the noble gases will be attempted. It is 
also planned to perform a series of experiments in which small amounts of 
impurities are deliberately added in order to determine the origin of the 
peak at low values of Ejp. 
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Dr. Lawrence H. Lanzl of the Argonne Cancer Research Hospital, 
was interested in our measurements of electron drift velocities in connec
tion with their attempt to measure and control the intensity of the electron 
beam of the new 50 Mev linear accelerator. It was concluded that very 
meager information on processes which occur in ionization chambers was 
available in the literature. The rehability of what is available, is, further
more, often open to question. 
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METEOROLOGY 

H. Moses and R. D. M. Clark 

The Meteorology Group has devoted the major portion of its efforts 

to the problem dealing with the diffusion of effluents within the atmosphere. 

A new technique for measuring atmospheric diffusion using multiple photo

graphic exposures was developed and supplemented the regular photogram

metric techniques. Good progress was made on the analysis of the measure
ments taken during this period. Also a study was made of the diffusion data 

taken several years ago using Freon 12 as a tracer. 

A major objective of the meteorology program is to ascertain the 
effect of weather elements upon the rate of atmospheric diffusion. The 

measurement of the meteorological elements is therefore of prime impor

tance. General improvements in the meteorological installation have been 

effected during this period. 

The climatological program has progressed during this period. The 

meteorological measuring program has provided fairly complete data, and 

work on the 5-year summary of the climatological measurements is reach
ing its final stages. 

I. Atmospheric Diffusion Measurements Using 

Multiple-Exposure Photographs 

In the literature on atmospheric diffusion there are numerous ref

erences to time-average values of concentration and to diffusion parameters 

based on time-average micrometeorological conditions. The different groups 

investigating atmospheric diffusion are using a variety of techniques to ob

tain field measurements of conditions either to test existing hypotheses or 

to formulate new ones. The Meteorology Group at Argonne National Labo

ratory has been using photogrammetric techniques to accomplish these ends. 

During the past summer, Dr. Gordon H. Strom, while working at the 

Argonne National Laboratory under a Participating Institutions appointment, 

suggested the use of multiple-exposure photographs of smoke plumes to 

study atmospheric diffusion. Multiple-exposure pictures have advantages 

over several single-exposure pictures in that they incorporate on one sheet 

of film a sampling of the plume positions during a chosen time interval. 

This not only eliminates the need for transferring positions from many 

sheets to a common one, but it eliminates ambiguities in measurement due 

to changes in film size or film position in the camera. Multiple-exposure 
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pictures have the advantages over time exposures of giving clearer defini
tion to plume boundaries and of greatly increasing the length of the sampling 
period. During the measurements of this past summer, a 4-min sampling 
period was chosen arbitrarily. 

In order to make meaningful measurements it is necessary to have 
pairs of photographs taken simultaneously from two different positions. 
Profile pictures and plan pictures were taken. For the plan picture, use 
was made of a Crown Graphic camera located directly under the plume with 
the film plane horizontal. This camera has an f/4. 7, 5-in. lens. With this 
focal length the camera had to be about 40 ft from the base of the stack in 
order to photograph a sufficient portion of the top stack. From the known 
ground position of the camera and the image of the stack and plume, it is 
possible to determine the azimuth of the plume axis. Ordinarily, a shutter 
speed of l/400 sec was used. For sixteen exposures with a Wratten A filter 
the stop opening chosen was what one would use for the film without the filter. 
This provided only a rough guide, and further experience is needed. 

For the profile photographs a Speed Graphic camera with a 15-in. 
focal length lens was used. This camera was set up about 1000 ft from the 
stack and cross-wind from the plume. A shutter speed of l/1000 sec was 
ordinarily used. The position of this camera was determined by a compass 
reading which gave the azimuth from the camera to the stack. Differences 

in elevation were taken into account by observing the elevation angle of the 
top of the stack in the plane through the camera axis parallel to the stack. 
The camera itself was always oriented so that the film plane was vertical. 

The scale of the profile film was determined by measuring the distance on 
the stack image between two points that were known to be 80 ft apart. The 
normal procedure was to take sixteen exposures at 15-sec intervals. On 
occasion as many as thirty exposures were taken with usable results. 
Against cloudy skies it was possible to obtain usable contrast if the film 
was slightly overexposed. In most cases, underexposure resulted in un
usable films. Timing of exposures was coordinated by two-way radio. 

The multiple-exposure films portray the outline of the region with
in which the plume has been during the sampling period. From the profile 
film it is possible to measure this for a distance of about 300 ft from the 
stack. From the plan film measurements for a distance of about 80 ft from 

the stack can be made. It seems reasonable to suppose that this visible out
line of the plume is a measure of the diffusing capacity of the atmosphere 
during the sampling period. A total of 101 usable picture pairs were ob
tained during this 6-month period. 

There is some question as to just what the camera sees as the vis
ible boundary of a smoke plume. Some of the variables that are likely to 
be important are particle concentration, particle size, light intensity, 

orientation of sun relative to smoke plume and film speed. This is not 

necessarily an exhaustive list. The importance of some or all of these 
variables will have to be investigated. 



In analyzing the data, one of the first things that suggests itself is 
to test the Sutton hypothesis. An appealingly simple way of using these data 
on plume geometry is to assume that the visible boundary of the plume con
stitutes some constant percentage of the central concentration, say l Oo/o. 
For such an assumption Sutton(l) gives expressions for the width of a plume 
from a continuous point source. These are: 

where: 

1/z 
1/z(n-2) C X y 

!::. y - width of the plume normal to its ax1s 

!::. z - vertical extent of the plume 

p - per cent of axial concentration 

x = distance downwind from source 

Cy, Cz, n are diffusion parameters. 

(1) 

(2) 

On log-log paper!::. y vs x and !::.tZ vs x plot as straight lines. The slope of 
such a line is a measure of n and the intercept is a measure of the appro
priate C. Strom and Clark analyzed eighteen of these pairs using this as
sumption. The visible boundary of the plume was replaced by a smoothed 
boundary which was an average of the indentations and protrusions of the 
actual boundary. After applying suitable corrections for scale and tilt of 
the plume, the vertical extent of the plume was plotted as a function of x on 
log-log paper. A similar plot of the horizontal extent of the plume was 
made. In each case there was a variable distance near the stack in which 
the thickness versus downwind distance did not plot as a straight line on log
log paper. Beyond this there was a span in which the plot could be very 
easily f1tted by a stra1ght line. In some cases beyond this span, there was 
a falling off of the thickness such that the points fell below the straight line 
determined previously. From the line determined from the plan film, the 
values of n and of Cy were determined. From the line determined by the 
profile film, another value of n and a value of Cz were determined. Ordi
narily these values of n were different, whereas from the Sutton hypothesis 
they should have been the same. However, these eighteen pairs of n' s have 
a correlation coefficient of 0. 94, which is highly significant; theoretically 
there is less than l o/o probability of such a value of the correlation coefficient 
occurring by chance alone in a sample of this size. When these n' s are 
compared with the power law n' s derived from the mean wind speeds at 
19 ft and 150 ft, the correlation coefficients are much smaller. (2) 
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From these films and other pairs subsequently analyzed by Moses 
and Clark, it became apparent that there is a limit to the distance one can 
go from the stack and still apply the constant fraction of central concentra
tion idea. This is especially noticeable in the profile films. In some cases, 
the visible outline of the plume becomes approximately cigar shaped. The 
isopleths of concentration plotted from the Sutton equation for a continuous 
point source are also cigar shaped. This led to the suggestion that what the 
camera sees is an isopleth of particle concentration. On this assumption 
the mathematics to obtain values of n, Cy and Cz from the values of the plume 
dimension have been worked out. The formulae are rather complex and the 
assistance of the Physics Division computing group under Dr. D. A. Flanders 
has been sought. At the time of writing, Dr. Flanders is examining the pos
sibility of providing least-squares estimates of the diffusion parameters. 

After completing the series of measurements of the diffusion of 
smoke from the experimental meteorology stack, another series of meas
urements with the multiple-exposure technique is contemplated in the vicin
ity of Laboratory buildings. For these experiments a portable mast has been 
constructed. This mast is made of 1-l--in. standard steel pipe and consists of 
several sections to reach a height of 45 ft. The mast is designed to be 
mounted on a building roof and will be guyed. A pulley will be used to hoist 
smoke grenades or smoke pots in a container which will be fixed in position 
near the top of the mast by ring holders. The data obtained from these ex
periments will provide additional information on the effect of buildings on 
diffusion. 

II. Photogrammetric Plotter 

The photogrammetric plotter(3) has been completed, tested, and is 
in use. During the testing process certain limitations were found. One of 
these is that the angle between the axis of the smoke plume and the vertical 
plane through the stack and normal to the baseline connecting the two K-24 

cameras should be less than 30° if measurements are to be made for down
wind distances of one stack height or more. A second limitation is that if 
one of the films transmits more light than the other, the image from this 
bright film completely obscures the image of the darker film. A variac has 
been installed in each projector circuit to control the light intensity. This 
has reduced the second limitation to a status of negligible importance. A 
third limitation is the time required to identify corresponding points on the 
tracing paper sheets. Ways of determining the position of the screen and 
cursor at the time of punching are being investigated. When a suitable way 
is found, the necessary additions will be made to permit the operator to read 
and record these data for each point at the time he marks it on the tracing 
paper. When this is done, the analysis time should be reduced about one
third of the present time. 

To date the measurements of about 125 picture pairs have been 
transcribed onto tracing cloth. 



III. Study Comparing Concentration Measurements with 
Values Forecast by Sutton's Equations 

In the analysis of the smoke measurements, comparisons of the 
actual dispersion with that predicted by Sutton(4 ) were made. In this con
nection, it was considered desirable to re-examine earlier diffusion meas
urements made with Freon lZ as a tracer to see how closely the actual 
measurements compare with Sutton's pre�cted values. ':' Three different 
types of sources were used in this study: (7 

A. A nominal ground source - 30 in. above the ground. 

B. An elevated source located 37.5 ft above the ground mounted 
on the Meteorology Tower. 

C. An elevated source - one of the stacks on Building 310, the 
top of which is 53 ft above the ground. 

A. Ground Source Data 

This experiment was conducted on August 16, 1951 from 1346:40 to 
1350:40 CST. A high thin overcast with lower broken clouds was present, 
and the wind at 6.5 ft was 4 to 8 mph from a direction of zoo . Freon lZ was 
released in the vicinity of the Meteorology Tower from a level of 30 in. 
above the ground at a rate of 3.Z gjsec. The concentration isopleths meas
ured are shown in Figure I-Z8. 

The theoretical isopleths (dashed lines) based on Sutton's work super
imposed on the measured isopleths are shown in Figure I-Z9. To make the 
theoretical calculations, n was determined from the ratio of wind speed 
measurements at 6.5 and 150 ft. A value for n of 0 .Z5 was obtained. Cz 
and Cy were both taken equal to 0. ZO. The agreement between the theoret
ical and measured isopleths is quite good, although the measurements in
dicate somewhat higher concentrations on the 50 ft arc at zoo - Z5° from 
the center line. 

B. Elevated Tower Source Data 

These data were obtained during the period 1457:30 - 1501:00 CST 
on September 13, 1951. During this time there were scattered clouds at 
3000 ft and the wind at 37. 5 ft was from Z60° at 14 mph. The temperature 
difference between 144 and 5. 5 ft was 0° C. Freon lZ was released from 
the platform on the Meteorology Tower 3 7. 5 ft above the ground at a rate 
of 17.5 g/sec. 

��concentration of Freon lZ in the air samples used in connection 
with these diffusion measurements was analyzed under the direc
tion of Dr. Harvey A. Schultz by means of a halide leak detector 
modified at Argonne. (5, 6 ) 
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F1gure I-30 shows the concentration isopleths measured during the 
test. A number of sets of theoretical isopleths were calculated based on 
reasonable values for Cz and C . The value of n was determined from 
wind speed ratios as measured by our anemometers. The best fitting set 
of theoretical isopleths is presented as dashed lines in Figure I- 31. For 
these calculations n was equal to 0. 25, Cy equal to 0.15 and Cz equal to 
0. 19. The values of C

y 
and Cz were determined from the measured iso

pleths in the following manner. Since the distance at which the maximum 
concentration occurred can be determined from the measurements and the 
source height is known and n has been measured, Cz can be calculated 
from the expression: 

where 
� = distance in meters to point of maximum concentration 

from source measured along the honzontal 

h = source height in meters 

Cz was thus found to be 0. 19. 

(3) 

Assuming the measured value for the maximum concentration to be 
correct, C

y 
can be calculated from the express10n: 

where 

X max= or C
y 

= �-

2-Q_C
--!-'-z-:-r 

X e7T uh2 max 

Q = the emission rate in grams/second 

Xmax = the maximum concentration in grams/cubic meter 

u =the wind speed in meters/second 

h = the source height in meters. 

Substituting the value for Cz obtained from Equation (3 ), Equa
tion (4) yields a value of 0.15 for C

y
. 

(4) 

From Figure 1-31 it is evident that the actual dispersion was much 
more pronounced than the theoretical values. Note the value of 0. 19 ppm 
on the 220° radius and the distance of the 0. 10 ppm line from the center 
line. Another point of interest is the occurrence of higher concentrations 
on the 100 ft arc. These may well be due to the edrues around the tower. 
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C. Buildmg Stack Source Data 

This run was made during the period 1427:00 - 1431:00 CST on 
September 27, 1951. Lower scattered clouds at 4000 ft were present and 
the wind at 37. 5 ft was 22 mph from a direction of 277°. The temperature 
difference between 144 and 5. 5 ft was 0.1 ° C, the upper level being colder. 
Freon 12 was injected into the ventilation ductwork of Building 310 before 
the last bank of filters at a rate of 24.5 gjsec. The air flow through the 
ductwork was about 300 cu ft/min, and its temperature varied from 92 to 
102° F. 

Figure I-32 shows the measured concentration isopleths. The wide 
dispersion of relatively high concentrations is evident from this figure. 

Several sets of theoretical Sutton isopleths were calculated for this 
case also. The value of n was calculated from the Meteorology Tower 
anemometers and found to be 0.33. At first, a calculation was made allow
ing Cy to equal 0. 21 and Cz to equal 0. 12. The fit was very poor. The 
maximum concentration was calculated to be 0. 25 ppm as against the meas
ured 1. 32 ppm and the horizontal distance 1100 ft as compared with the 
measured value of about 200 ft. Using the measured value of the maximum 
concentration and its distance from the stack and Equations (3) and (4), 
Cz was found to be 0. 52 and Cy equal to 0. 17. 

A new set of theoretical isopleths was calculated settmg n = 0. 33 
and the above values for Cy and Cz. These are shown in dashed lines in 
Figure I-33. It is evident that the fit is still poor. The actual dispersion 
is markedly larger and the concentrations higher. 

Sutton's equations were not designed to determine concentrations 
around buildings. However, they are often used as a guide for want of 
something better. This study indicates the magnitude of the errors to be 
expected and emphasizes that caution must be applied even in using the 
theoretical expressions as a rough guide. 

IV. Instrumentation 

The following is a summary of the additions and improvements to 
our meteorological instrumentation used both in connection with the in
vestigations of atmospheric diffusion and the climatology program: 

A. Measurements of solar radiation flux were begun in July, 1955. 
This instrument appears to be operating satisfactorily; however, the blower 
burned out in July, but it was shortly replaced by the manufacturer. 
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B. In July, measurements of atmospheric stability in 4 layers were 
begun. These measurements are in the layers 5. 5 to 19 ft, 5. 5 to 3 7. 5 ft, 
5. 5 to 75 ft, and 5. 5 to 144 ft. Programming is arranged so that each 
layer is measured for 2 min with an intervening 30-sec penod separating 
the measurements. A complete sounding is thus made every 10 min. 
Sample traces for a period of extreme stability and for one of typical sunny 
daytime conditions are shown in Figures I-34 {A and B). This is the only 
instrument we know of measuring atmospheric stability m so graphic a 
fashion. Calibration was performed on this equipment, and it appears that 
it is working quite well. 

C. Several changes have been made on our wind-measuring equip
ment during this period: 

1. A 3-volt AC potential was placed in parallel with each of 
the wind speed recorders. These instruments operated 
on DC. This has been done to reduce friction between the 
paper and the pen during periods of very low wind speeds. 
Calibration checks were made to see that the added AC 
potential does not affect the speed calibration. 

2. In order to better synchronize the readings from the 6 wind 
speed and 6 wind direction recorders, the spring-driven 
chart drive motors were replaced by electric synchronous 
motors. One electric motor is made to drive the charts of 
4 recorders. This arrangement has been incorporated into 
8 of the recorders thus far. The remaining 4 will be modi
fied shortly. Also, chronograph time marking pens have 
been ordered for installation in the wind speed recorders. 
At the present time we have chronograph side marking 
pens for the direction recorders only. With the additional 
chronograph pens the time synchronization should be im
proved by at least a factor of four. 

D. Modification of our stack to allow the injection of smoke from 
the smoke generator as indicated in the previous semiannual report was 
completed in July. About 20 series of measurements were made with this 
system and it worked quite well. 

E. Since the smoke from the smoke generators is white, difficulty 
was experienced in taking photographs during cloudy conditions. Experi
ments were done, as indicated in the last semiannual report, with a red dye 
{Calco oil red DB in Solves so #150) mixed with the fog oil. This was found 
to be unsatisfactory. Experiments were made with injecting the smoke of 
several red smoke grenades into the oil fog smoke. The grenades were 
placed in the smoke chamber some distance ahead of the smoke generator 
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injection point. This method did provide a pink smoke which could be photo

graphed on cloudy days without as much contamination of the ductwork as 
resulted from the dye. The ductwork has now been modified to allow the 

insertion of smoke grenades with a minimum of contamination. 

F. An additional area around the stack was surveyed and metal 
stakes were driven into the ground on a circle, 40 ft in radius, centered 
at the stack. The stakes were located at intervals of 20° of arc. These 
stakes are used to locate the third K-24 camera and to locate the camera 
taking plan view pictures for the multiple-exposure technique described 
below. 

V. The Climatology Program 

A. During this 6-month period, a major portion of the work devoted 
to the 5-year summary of the meteorological data taken at Argonne was 
spent in preparing the write-ups and the table layouts. Only a little work 

• 

was done in the completion of additional tables for this report. 

B. During the past 6 years a considerable amount of time was de
voted to reducing the data from our charts and in keypunching these data. 
An investigation was made concerning the availability and cost of equipment 
for digitizing the analog data obtained from our recorders and punching 
these directly onto either IBM cards or paper tape. It was found that there 
are available systems on the market which would result in a substantial 
economy in our data reduction procedure. A summary of our measuring 
program including details of our instrumentation was prepared and sent to 
several companies capable of providing a suitable data reduction system. 
No definite estimates were yet received but it appears that such a system 
would pay for itself in a few years, and would provide the opportunity of 
evaluating in greater detail much more of the data we are presently taking. 
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PHOTOGRAPHIC TECHNIQUES FOR MEASURING 
DIFFUSION PARAMETERS 

Roderick D. M. Clark 

Meteorological interest in au pollution is primarily concerned with 
the capacity of the atmosphere to dispose of contaminants. In line with this 
the Meteorological Group at Argonne has a dual program. One part of this 
program deals with climatological aspects of air pollution and the other part 
deals ultimately with the prediction of concentrations of contaminants. Our 
research efforts are directed towards a rational solution to this latter prob
lem. In this respect we hope to accomplish several things. One of these is 
to test already existing hypotheses concerning diffusion for their validity 
and for the magnitude of certain parameters, or to formulate improved hy
potheses. Another goal is to make quantitative measurements of the entrain
ment of environmental air into smoke plumes and clouds. Since the Sutton 
hypothesis of dlffusion is widely known and used, we are proceeding to test 
this first. At the same time, we hope to obtain usable values of the diffu
sion coefficients of his equations for interim use. 

To accomplish these ends new photogrammetric techniques are used 
whereby oil fog which is generated into a 110-ft stack by an Army M-2 smoke 
generator is photographed. In one of these techniques, use is made of K-24 
{Air Force) aerial survey cameras to take pairs of pictures at approximately 
3. 5 sec intervals (Figure I-35 ) . These cameras are located at opposite 
ends of a 400-ft baseline that is tangent to a circle of 80-ft ramus centered 
at the stack. The point of tangency, midway between the two cameras, is 
ideally directly under the smoke plume. The axes of the cameras are ele
vated so that the image of the top of the stack coincides with a reference 
line ruled on glass in the focal plane. This horizontal line represents the 
vertical distance of 110 ft above the base of the stack. The two cameras 
are triggered simultaneously through an electrical circuit that is keyed by 
the controller at the base of the stack. Usually a series of twelve to fifteen 
exposures is made during given stack conditions, then the stack velocity is 
changed. 

From these pairs of photographs measurements are made of the 
vertical dimensions of the smoke plume, of the height of rise and of the 
path of the center line. To make these measurements accurately, the 
Meteorological Group and personnel of Central Shops have jointly designed 
and constructed a three dimensional projector-plotter. Essentially, this 
machine reproduces to scale the photographic setup used in the field {Fig
ure I-36). Two projectors are located at opposite ends of an 80-in. base
line. Between the projectors and normal to the line joining them is a 
translucent tracing paper screen mounted on a carriage so that the screen 
can be moved normal to its plane. The projectors are elevated at the same 
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angles as the respective cameras, thereby eliminating the chstortions due 

to the tilt of the cameras. Since the smoke plume ordinarily does not re

main exactly halfway between the two cameras, the two images of a par
ticular point on the plume will be coincident only when the plane of the 

screen is in a position relative to the two projectors Similar to the location 

of the smoke plume relative to the two cameras. Thus, if horizontal dis

tances parallel to the plane of the screen are x-distances, and vertical 
distances are z-distances, the position of the screen to the right or left 

of the midpoint of the projector baseline gives the y-distance, to scale, of 
the portion of the smoke plume that has the two images coincident. As the 

screen is moved over a horizontal table, the x y coordinates of any posi

tion may, at will, be punched on a piece of tracing paper stretched over 
the table. The x z coordinates of any point are punched directly on the 

vertical translucent screen. Punching of coordinates IS done by means of 

two needles that are actuated by solenoids. A cross-hair, through the in

tersection of which the x z needle operates, can be moved over the surface 

of the screen All motions are made by means of reversible DC motors 

that are controlled from a common control point. Ordinarily all of the 

pairs corresponchng to one set of stack conditions may be punched on the 

same pau of papers With individual frame images identified by colored 

pencil Thus, With this photogrammetric technique, relatively precise 

entrainment measurements and diffusion measurements may be made. 

At the present time, one complete run of pictures has been punched onto 

tracing paper and some analysis has been made as a test of the projector
plotter. The system works quite well with certain limitations, one of 

which is that differences in density of the two films make it difficult to 
determine exactly when the two images are coincident. As long as this 
difference in density can be compensated for by adjustments of the stop 

openings of the projector lenses, or lamp intensity, this limitation is neg

ligible. However, it emphasizes the need for good control of the photo
graphs during exposure and processing.* Another limitation on this 
scheme is the angle between the smoke plume and the picture plane. As 

this angle approaches 45° the usable portion of the film diminishes. 

Still another limitation of this method when black and white film is 
used is the poor contrast between white smoke and the clouds. A simple 
method of coloring the smoke output of the generator was developed by 

burning colored smoke grenades in the air stream to the stack. Two red 
grenades will color the smoke a bright pink, which stands out quite clearly 

against white clouds when color film is used. Kodak Ektachrome Aerial 

film has a film speed high enough to permit taking color photographs under 

the adverse lighting conditions that occur beneath overcasts. 

*The photographic work was done by Mr. G. A. Zerbe of the Meteoro

logical Group and by the Graphic Arts Section of the Laboratory. 
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The second photographic technique used is that of making multiple 

exposures of the smoke plume (Figure 1-35). Use is made of two cameras; 

the one directly under the stack is positioned so that the top section of the 

smokestack registers on the film; the second camera is positioned crosswind 

from the smoke stack at a distance of about 1000 ft from the stack. The 

importance of having two simultaneous photographs of the smoke plume must 

be emphasized. With two pictures taken simultaneously from known posi

tions, it is possible to make accurate measurements and one is not at the 

mercy of having made inadequate visual measurements at the time the pic

ture was taken (Figure 1-3 7 ) .  This multiple-exposure technique was pio

neered by Professor Gordon H. Strom with the meteorological wind tunnel 

at New York University. Professor Strom worked with the Argonne mete

orological group this past summer in developing this technique and the 

analytical methods of rectifying the measurements made on the films. 

Current practice is to make sixteen exposures at 15-sec intervals with 

good success using Kodak Contrast Process Panchromatic film. 

Current analysis of these multiple-exposure films has been directed 

at testing the validity of the Sutton hypothesis. Sutton(l ) gives an expression 

for the width of a cloud from a continuous point source and one that can be 

modified to give the vertical extent of a cloud from a continuous point source. 

These equations are: 

b. y = 2 
p 

(1) 

(2) 

where 

!:::. y = width of cloud 

b. z = thickness of cloud 

p = per cent of axial concentration 

x = distance downwind from sources 

C
Y

, Cz n are diffusion coefficients. 

The width or thickness versus the distance downwind plots as a 

straight line on log-log paper. The procedure follows: 

1. Draw a smoothed outline of the smoke plume on the plan and 

profile films. Ideally, the outline obtained from the Sutton 

equations will be a smoothed outline. 



2. Measure the vertical and horizontal extent of the plwne outline 
as a function of distance downwind. 

3. Rectify the above quantities to true space coordinates and plot 
on log-log paper. It will be seen that the points remote from 
the stack tend to fall on a straight line, while those near to the 
stack usually fall above the straight line. This appears to be 
due to two factors, {1) the source is not a true point source, 
and {2) the equations do not allow for the apparent enhancement 
of the crosswind dimensions of the plwne due to the rise of the 
plwne above the top of the stack. This is particularly true of 
the profile dimensions. This non-linearity is corrected for by 
a trial determination of a constant distance, which when added 
to each of the observed x values, yields a straight line. 

4. Determine the slope of the resulting line, and from it compute 
a value of n. In general, the profile line will yield one value of 
n and the plan line will yield another value of n. In some cases 
these values are quite close and in others there is a considerable 
disparity. Following the completed analysis of a sufficient nwn
ber of these curves, it will be possible to determine whether or 
not the differences are statistically significant. 

5. The intercept of the profile line determines a quantity from 
which the value of Cz can be computed. The plan line intercept 
gives a value from which the magnitude of Cy can be computed. 
To get nwnerical values for these parameters, it is necessary 
to asswne that the visible outline of the plwne corresponds to 
some constant fraction of the axial concentration. 

For convenience it is asswned that the outline of the visible plwne has a 
concentration that is one-tenth of the axial concentration. Since the square 

. 

root of the natural logarithm of the reciprocal of this nwnber is the quantity 
which appears in the formulae, choosing a value of one-hundredth would only 
decrease the magnitudes of the C's by a factor of 0. 707 and making the out
line concentration equal to the axial concentration would increase the quan
tities to 1. 414 of the indicated values. 

An important consideration in the foregoing method is the ability to 
determine accurately the outline of the plwne, essentially a problem in the 
photographic quality. Experience based on the analysis of about two dozen 
pairs of films demonstrates that in cases where the outline is well defined 
there is no d1fficulty in obtaining a straight line on log-log paper. 

Professor Strom and the writer have analyzed to date eighteen cases 
in which one could be confident of the outline of the smoke plwne, thereby 
deriving a straight line on log-log paper by the addition of a constant to the 
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downwind distances. From these lines, values of nv, Cz, nh and Cy have 
been obtained. Then from the Laboratory's permanent meteorological in
strumentation, simultaneous values of the wind speed ratio between 150 ft 

and 19 ft and the lapse rate between 6 ft and 144 ft were obtainable. Eight
een cases are too small a sample to give an adequate test of an hypothesis. 
However, a study of the correlations between certain of the parameters will 
help give some idea of what can be expected from this technique. To this 
end certain pairs of these data were plotted on scatter diagrams, thus com
puting the correlation coefficients for these pairs of parameters. 

If the Sutton hypothesis is valid, one would expect the plan and the 
profile data to give the same values of the n's (Figure I-38). In this case, 
an ideal scatter-diagram would be simply a straight line, of slope one, 
passing through the origin. For the eighteen cases mentioned, which in
clude both inversion and lapse conditions, the correlation coefficient be
tween lly and nh is 0. 94. This is statistically significant at the one per 
cent level. 

Since n is supposed to arise from a power law relation between 
mean wind speed and height, it is of interest to compare the values of nv 
and of nh with the values of n resulting from the assumption of a power 
law relationship between the wind speeds at 150 ft and those at 19 ft (Fig
ure I- 39 ) . The correlation coefficient between nv and this theoretical n is 
0. 67 (Figure I-40); that between nh and the theoretical n is 0. 82. Both of 
these values are statistically significant at the one per cent level. 

The magnitude of n is also supposed to be related to the lapse rate 
of temperature. In this connection, correlation coefficients were computed 
for each of the above-mentioned n'l?, and the lapse rate between the 6-ft 
level and the 144-ft level (Figure I-41). For nh this coefficient is 0. 61 
which 1s statistically significant at the one per cent level. For nv it is 
0. 42 and (Figure I-42) for the theoretical n it is 0. 54; neither of these 
values is significant at the one per cent level, but the value for the theo
retical n lS statistically significant at the five per cent level. 

Sutton has stated that the turbulence above 25 m is ordinarily iso
tropic. If this is generally true, the scatter-diagram of Cz vs Cy will 
give a straight line of slope one and passing through the origin (Fig-
ure I-43 ). For these eighteen cases the correlation coefficient between 
the C' s is 0. 64 which is statistically significant at the one per cent level. 
Neither set of C's had a statistically significant correlation coefficient 
when correlated with the lapse rate. The correlation coefficient for the 
Cz' s was -0.01 and that for the Cy' s was 0. 45. 

The analysis of these data to date is insufficient to warrant any 
conclusions as to the validity of any hypotheses. However, the results do 
indicate that it will be worthwhile to make a thorough analysis of all of the 
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multiple exposure runs which are now available, the nwnber being such 
that the results should be statistically significant. Sufficient data have been 

obtained to classify diffusion characteristics under stable and unstable con
ditions. Within these classes it may be possible to get meaningful sub
categories based on wind speed and wind direction. 
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