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6. 

RADIUM ANaLYSIS OF MUNICIPAL WATER SUPPLIES 

J. B. Hursh and A. Gates 
BY 

Background: The radium analysis of source and tap water obtained 

from cities in the United States has been continued and additional results 

have been obtained. For a description of the background of this study and 

the methods of analysis used, see report UR-lfj2. 

Results: The results to date are listed in Table I (page 7). 

It will be noted that repeat analyses of samples from the first 15 citiee 

show rather poor reproducibility in some cases. 

the first measurements on samples of this group were made, minor improvement6 

in the apparatus and in the measurement technique were introduced. The 

results of these improvements are evidenced in the better reproducibility of 

the later repeat measurements, 88 well as in the third run checks of the 

divergent values referred to above. 

During the period in Which 

Distilled water blanks gave "radium content" measurements of 

-16 
0.19, 0.19, 0.22, 0.23, 0.20, 0.15, and 0.21 x 10 grams radium per ml. 

In order to get net radium content of the public water samples, 0.20 x 

should be subtracted from the lileasured values as listed in the table. 

Discussion: It should perhaps be pointed out that the radium 

values listed pertain only to the single sample which was analyzed, and 

that seasonal variations unquestionably occu particularly in supplies 

using rivers as the sourceo 

It may be of interest to note that when the projected analysis of 

municipal water supplies is complete, the water consumed 'by 20 per cent 

of the population of the United States will have been sampled and studied. 
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City 

Salt Lake City 
Bismarck, N.D. 
Denver, Col. 
Boise, Idaho 
Sacramento, Cal. 
Loa Angeles, Cal. 
San Francisco, Gal. 
Tacoma, Wash. 
Portland, Ore. 
Phoenix, Ari zo 
Pierre, S.D. 
Wichita, gan, 
Omah Neb. 
Oklahonra City 
Mempbis, Tenn. 
Dallas, Tex. 
St. Louis, Mo. 

Charleston, S. C. 
Louisville, Xy. 
Indianapolis, Ind. 
Detroit, Mi&, 
Buffalo, K. Y. 
Cleveland, Ohio 
Birmingham, Ala. 
Cincinnati, Ohio 
New Orleans; La. 
Atlanta, Ga. 
Bal t imo re, Md. 
Boston, Mass. 
Charleston, We Va. 
Richmond, Va. 
Raleigh, E. C, 

Chicago, Ill. 

TABLE I 

Radfum Anslysis of Municipal Water Sumlies 

1.58 

0.86 
3.02 

1.06 
0.32 

Oe51 
0.63 

0.25 
0 -4.8 
0*37 

2.47 

1.52 

3.13 
0.98 

1.59 

18.9 

11.3 

00% 
Z003 
0.90 
1.49 
0.36 
0.46 

0,45 

0.74 
00 33 

4,08 

0.29 
0.31 

0.25 

0.59 
0.44 

0.37 

1.06 
0.42 

0*68 
1.24 

0.34 
0.46 
0,32 

0 -51 
0.21 

0.35 
2.41 
2.00 
1.20 

2,78 
2,88 

0,U 
0.b 
0,42 
I, 60 
0 J2 
0.99 
0.28 
0.42 

0.35 
0.41 
0 048 
0.30 
0.19 
0.20 

0.27 
0.56 
0.36 

0.37 

Repeat Analysis on Same Water Sample 

source WP 
~~ 

~ 

0.43 
2.07 

0.90 

1.23 

0.27 
0.26 

0.37, 0.30 
0.13 
0.13, 0.21 
0.40 
0.76, 0.74 
2.62 

16.5 
1.11 
2.20, 2.18 

0.93 

0.37 
1.84- 
1.03 
1.50 
0.41 
0.48 

0.44. 
0.39 
0.71 

4,56 
0.29 

0935 
0*28 
0.49 
0.47 

0*33 

10.6 

0.64 
0.31 
0.50 
0 30 

0.17 
0.20 
0.18 
0.10 
0.09 

0.29 
0.23, 0.32 
0.86, 0.89 
0.68, 0.63 
0.58, 0.49 
1.83 
0.43 
0.33 
0.40 
1.50 
o .56 
1.00 

0.33 
0.41 

0037 
0.46 

OoM 
0.30 
0.26 

0.31 

0.59 
0.36 
0 A1 

0023 

*Distilled water blanks which average 0.20 x 
sl;btracted from the values reported above. 

grams/cc have &. been 
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CYTOLOGICAL STUDIES ON THE BLOOD OF SULY, AN INDIAN EWWT 

f 
M. Ingram, L. Coonan, J. Jespersen, G. Nielsen, D. Piatt, M. Wright 1 c- -.< , 

N- 

. '-t -. 

Background: Studies carried out in this laboratory have indicated that- 
*.7 . 

an increased incidence of lymphocytes with bilobed nuclei in the peripheral- 

blood is a sensitive indicator of exposure to extremely small doses of Ionizing- 

radiation fn dogs and man (1, 2). 

of peripheral blood very infrequently. 

111 cyclotron new hires during a two year period ending October, 1950 waa as. 

follows: 307$ of all blood smears examined contained one or more of the ab- 

__ :?.* + 

The abnormal lymphocytes are noted in am&a 

The "normal" incidence in a gronp of _- 

normal lymphocytes. 

per 1000 leukocytes or 0.07 lymphocytes with bilobed nuclei per lo00 lYDIph0- 

cytes examined. Evan an increased incidence may represent very few cella on 

an absolute basfs, 

0.15 lymphocytes with bflobed nuclei per 1000 leukocytes, or 0.5 per 1000 

This corresponds to 0.022 lymphocytes with bilobed nuclei 

For example. in the group of 111 new hires mentioned above, 

lymphocytes was considered to be a high incidence. 

A reference by H. Fox to an unusually high incidence of cella with bi- 

lobed nuclei in elephant blood was called to our attention by Dr. W. B. kaon 

(3) According to Fox, 245 of the leukocytes were of this tme and were des- 

cribed as follows: 

"The cells called bilobed are unusual and can probably best be account- 

ed for as directly dividing small lymphocytes. The staining properties and 

shape of the nuclei of the bilobed cells are most closely related to th8 

lymphocytes. They are not always regular, however, but mqy be almost 88 ir- 

regular as the polynuclears. In practically every instanceo however, a con- 

necting isthmus may be found between the spherical nuclear portions. NO 
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mitotic figures seen. 

in relatively large amount. 

The 9rotoplasm is homogenous and ple blue or lilac 

No granules were ever seen." 

It was decided to check this renarkable finding if the opnortunity could 

be found, as it was eventually through a suggestion of Dr. W. H. Strain, who 

suggested that Mr. Strassle of the Seneca Park Zoo might be of asaistance in 

the matter. Mr. Strassle was contacted, and agreed to make the Indian elephant 

and ex-circus performer, IISally" available for the undertaking. 

Procedure: On June 27, 1951, the entire hematology group accompanied by 

E. Hay, M. Tyler, and W..B. Mason, set out for Seneca Park Zoo, equipped with 

several syringes varying in size from 2 cc to 30 cc, powdered heparin, solutions 

of heparin, procaine, needles ranging from No. 20 to No. 15, and a generous 

sup9ly of coverslips and blood pipettes. 

regarding the matter of bleeding elephants. 

however, had indicated that the ear presented the only large superficial 

The literature offered little help . 

la experienced zoo veterinarian, 

readily identifiable veins. 

Eleuhant Handling: At about 9:30 A.M, the group was escorted into Sally's 

two-room suite at Seneca Park Zoo. 

easiness at the approach of strangere.+ 

The elephant manifested considerable un- 

Mr. Strassle energetically and skill- 

fully maneuvered Sally into Dosition so that she stood relatively quiet. This 

favorable situation wss sustained by Mr. Strasslels feeding the elephant large 

handfuls of candy at regular intervals, the length of the intervals being de- 

termined largely by the speed with which Sally could swallow and reopen her 

mouth. 

saved the situation in theae instances by thrusting his empty fist quickly into 

Once or twice the candy suDply ran out at crucial moments. Mr. Straaele 

and out of Salvos mouth, after which Sally would swallow contentedly, Bans 

candy, A fresh suDply of candy was procured each time before the limits of 

*This feeling, it should be noted, was mutual. 

"i *-. 1.- a J 1) ;? !I i: 
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Sally's gullibility were reached. 

half bushel of candy during the entire procedure. 

It is estimated that the elephant ate one 

Bleedinq: Insaection of Sally revealed that the veins in the ears were 

indeed large and superficial, and they would have been ideal for venepuncture 

exce?t that 1) the ears were in constant vigorous motion; 2) Selly seemed to 

be quite apprehensive about having people even looking at her ears, and 

3) the ear veins could have been reached only with the aid of a ladder. 

Further inspection suggested that the tail might be a suitable site for ob- 

taining blood, since it was out of Sally's range of vision. Consequently, with 

one zoo attendant steadying the elephant's tail, 3-4 cc of 1% procaine were in- 

jected subcutaneously about half-way up the apendage. 

through the extremely thick, tough skin, and after one or two attempts to 

No vein could be felt 

aspirate blood into a syringe, the idea of venepuncture wae abandoned, and 

blood was obtained by repeatedly sticking the tail vigorously in the uro- 

cainized area with a No. 18 needle. Each time several large drops of blood 

flowed freely from the puncture site. The freely flowing drops were drawn 

up into pipettes and discharged a drop at a time onto coverslips for blood 

smears. Attempts were also made to obtain routine dilutions for red and white 

blood cell counts and hemoglobin determinations. 

very rapidly, however, and since smears received priority, not all the 

The blood tended to Clot 

routine counts were obtained with desirable accuracy. 

The bleeding procedure was complicated only by Sally's attempts to 

sit down when the needle extended beyond the procainized area. This required 

critically timed prodding and shouting on the part of the tail ettendant, and 

gave rise to a certain wariness of the entire tail-end crew, but otherwiee 

-8 not a serious detriment to the experiment. 
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Results: Attention has been focused mainly on an evaluation of cell types 

as classified on Wright stained and peroxidase stained blood smears. 

are nresented in Tables 1 and 2 (Pages 14 and 153. 

Results 

At the outset it should be noted that only after peroxidase stained 

smears had been examined was it possible to classify the cell types. The 

cells described by For were almost certainly polymorphonuclear leukocytes 

with two-lobed nuclei. 

resemble lymphocytes with bilobed nuclei, for the granulation iB not readily 

aprent and the two lobes of the nuclei apear to be spherical, unlike the 

usual elongated lobes of the Dolymorphonuclear leukocyte nuclei. when the 

two lobes overlap to a large extent, the cells may be difficult to differ- 

entiate from lymphocytes with slightly indented nuclei on Wright's stained 

preparations. The peroxidase stain demonstrates that the cytoplasm of these 

cells is filled with Peroxidase positive granules. Morphologically, elephant 

polymorphonuclear leukocytes with three or more lobes in the nucleus are not 

remarkably different from the characteristic cell of this type in man. With 

Wright's staining, the cytoplasmic granules of the elephant's cells appear 

slightly more pink than those of man, but are readily differentiated from 

eosinophile8 which gossess the usual large globular brilliant pink granules. 

These cells on Wright's stained smears very strikingly 

4 total of approximately 4000 leukocytes were examined on five differ- 

ent peroxidasestained smears, and no lymphocytes with bilobed nuclei were 

seen. 

cytoplasm. 

were observed were difficult to classify, although for the most part, they 

resemble lymphocytes and seem to belong to that series of cells. 

The lymphocytes in general tend to be relatively large, with abundant 

Some of the large Deroxidase-negative mononuclear cella which 
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A few typical monocytes were observed. These have rounded or very 

slightly indented nuclei with very fine chromatin structure and finely stippled 

pale lavender cytoplasm. 

Discussion: This study clearly demonstrates the great value of using 

peroxidase stain in studying blood smears, particularly when there is a 

question relative to the classification of cells as lymphocytes or granulo- 

cytes. 

leukocytes on Wright's stained blood smears and the differential counts of 

The fairly close agreement between initial differential counts of 

elephant blood as reported by Fox, and the mistaken classification of certain 

cells in both these Rtudies when interpreted in light of peroxidase staining, 

indicates that the Wrightgs.stained smears may indeed be misleading in thie 

respect. 

The presence of lymphocytes with bilobed nuclei in the peripheral 

blood tends to lead to speculation regarding the significance of their 

presence. One possibility is that they may be dividing cells. This was one 

reason for the interest in carrying out the studies presented in this paper. 

If the incidence of these cells were actually phenomenally high in the 

elephant, one might entertain the notion that the huge size of the beset 

plus a very 8lOW heart rate (about 30-b beats per minute) would readlt in 

the ljmphocytes being in the peripheral blood stream for relatively long 

periods, so that they would be obliged to divide in transit. Since the in- 

cidence of lymphocytes with bilobed nuclei in the blood of the elephant Wa8 

found not to be high, this assumption is not substantiated. 

Summary: A study of the differential leukocyte count of an Indian 

elephant was carried out for the purpose of checking a report (published 

in 1923) of a remarbbly high incidence of cells believed to be lymphocyte8 

with bilobed nuclei in the peripheral blood of elephants. 
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With the aid of Deroxidase staining, the cells in question were found 

to be granulocytes. 

is Dresented in table form and discussed briefly. 

The differential leukocyte count of the elephant "Sally" 

References 
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16. 

ELECTROLYTE STUDIES IN IBRADIATEU DOGS 

bY 

W. B. Mason, M. P. Coulter and 3’. W. Furth 

Serum sodium, potassium, chloride, and carbon dioxide content have been 

determined serially on dogs receiving single massive wholebody expomres to 

x-rays. Sodium, potassium, and chloride have also been studied by a balance 

technique. The salient observations are reported 

follows . 
Balance Studies 

briefly in the paper which 

Procedure: A total of 10 dogs were studied. These were adult mongrel 

dogs ( 5 males, 5 femalea) previously dewormed and vaccinated against die- 

temper. 

offered a diet consisting of 300 grams (dry weight) Purina laboratory chow 

mixed with 600 ml. of tap water per 24 hours, 

daily intake of 55 meq Ha, 57 meq. K, and 50 meq. C1. 

period (1O:OO A.M.) the metabolic residue within the cage (including urine, 

The dogs were housed in individual galvanized metabolism cages and 

This corresponds to an average 

At the end of the 24 hour 

feces, uneaten food and vomitus, if any) was collected and made uniform in a 

Waring blender. 

weighing roughly 4 grams) were weighed into clean dry beakers, subjected to 

Aliquots (aDproximately 1/200 of the entire sample - usually 

net combustion, and assayed for Na, K, and C1. Ba and K determinations were 

done by flame photometry. All determinations were done in triplicate. 

Chloride was determined by a modified Carius procedure, uaing an open veseel 

for the wet combustion. This procedure was shown to give chloride recoveries 

sufficiently accurate for the problem at hand. 

Each dog waa studied continuously during a period extending from 

aDproximately 12 days prior to irradiation until death, or to a maxim of 
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28 days after emosure. 

x-irradiation (250 KV - A1 parabolic and Q05 mm. Cu. filtration) administered 

at a rate of 7 r .per minute. 

Radiation exposure consisted of 450 r of whole bodg 

Observations: Both Na and Cl are irregularly lost in small amounts 

These losses correlate (5-15 neq. per day) during the 3rd week after exposure. 

well with the reduction of intake of food and water at that time. Beginning 

4-5 days after exposure there is a slight increase in the Cl/Xa ratio of the 

netabolic residue. 

after irradiation, when it amounts to an excess of aDproximately 5 meq. Cl per 

day aver the Na value. 

crease in serum Cl/Xa and COa/Ba ratios. 

metabolic residue returns toward normal values. 

This is maximal during a Deriod from the 8th to 18th dwa 

The relative increased loss of chloride parallel0 a de- 

Terminally, the Cl/Na ratio of the 

Although not a certain finding, the data also suggest that there may be 

potassiiun retention amounting to some 10 meq. per 24 hours during the latter 

part of the first week following emomre. This change is overshadowed by ir- 

regular potassium losses (amounting to 10-20 meq./24 hours) which occur during 

the 3rd post-eqosure week, and parallel losses in both Xa and C1. 

Serum Electrolyte Studies 

Procedure: Six adult mongrel dogs (3 males, 3 females) which served as 

a control group for therapy studies reported elsewhere were used. 

animals were housed individually, and food (Purina laboratory chow) and water 

were available ad lib. Blood was obtained from the jugular vein and promptly 

centrifuged. Clean, dry equinment free of Na, E;, and C1 wa8 used in all in- 

stances. 

termined following deproteinization with tungstic acid by the Volbard 

method using nitrobenzene to sharpen the end-point The manometric Van-Slyke 

These 

Na and K were deternined by flame photometry. Chloride was de- 
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technique was em-ployed for determination of CO, content, using 0.2 

samDles. 

ml serum 

All deteminations were done in du.olicate, if" sufficient serum was 

available. 

Determinations were done on three occasions during the week preceding 

irradiation, and on post-exposure days 3-b9 7# 10-11, 14, 17-18. 21, 24-25, 

and 28, if the animal survived to that period. Radiation exposure consisted 

of 575 r of whole body x-irradiation (1 mev - Pb mrabolic filter) administered 

at a rate of 8.2 r/min. 

Observations: (Based on average values for all living animals). 

Serum Na remained normal (147 mea_. /1) during the first week following 

exposure. 

crease reaching 135 meq./l in the two animals surviving to the 21st day. 

one animal which lived showed a marked rise to a value above normal (161 meq./l) 

during the 4th week. 

During the 2nd and 3rd weeks,, however, there was a progressive de- 

The 

Serum R fell progressiTely, beginning about the middle'of the 1st poet 

exposure week, and reached a minimum of 3.6 meq./l (pre-exposure 4,7 meq./l) 

on the 21st day (2 dogs). By the 28th.day, the value had increased to 4.5 

meq./l iz the one dog which survived. 

irradiation value of O.032 to 0.028 during the first week, but showed no 

further change during the remainder of the ewerimen-1 period. 

The serum K/Na ratio fell from a pre- 

Changes in serum chloride roughly paralleled those of sodium, and 

reached a minimum of 101 meq,/l 21 days after exposure. 

however, fell steadily during the 3rd and 4th weeks, and by the 28th dw 

had reached 0.72 (pre-exposure 0.76) in the single surviving animal. 

The Cl/Na ratio, 

Both the serum C02 content and the CO,/iia ratio showed parallel changee 

of roughly equal magnitude. 

week, and by the 21st day the CO, content was 19 mea./l (26 meq./l ?re-expo- 

A steady fall occurred during the 2nd and 3rd 
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sure). Both the COa content and the COa/r;la ratio returned toward normal during 

the 4th week, but at the end of the experiment were still below their initial 

values. 

The most striking change in serum electrolyte occurred in the undeter- 

mined acid fraction, i.e. the sum of Na + K less the sum C1 + COS content. 

Initially this difference amounted to 15 meq./l serum. 

the difference decreased slightly and remained at 12 meq./l from the 3rd to the 

7th days. Thereafter, however, there was a steady, almost linear, increase and 

During the first week 
-2 

I_ 

by the 28th day, the undetermined acid fraction amounted to 26 meq./l in the one 

surviving dog. 

end of the 28 day experimental period. 

There was no indication that a maximum had been reached by the 

Discussion: The slight, but probably real, electrolyte changes which have 

been observed in dogs following single massive whole body exposures to x-rays 

are in keeping with changes hown to occur as a result of dehydration and 

starvation of moderate degree. Both of these occur following whole body exposure 

to x-rays. 

explanation for the observed changes. Additional studies will be neceseary to 

complete confirmation. 

It would appear that dehydration and starvation provide an adequate 

.. 

. 

I 

UR 01786 



20. 

EFFECTS OF X-RAYS ON YEAST GROWTH AND METABOLISM 
BY 

W. J. Bair and J. N. Stannard 

Background: A large store of information is now available concerning 
L-- 

the enzymes and metabolic reactions present in yeast cells. 

less information is on record concerning the effects of x-rays and other 

ionizing radiations on yeast metabolism. 

Considerably 

This is t??W in part because 

yeast is not particularly radiosensitive. 

demonstrated that many vital enzymatic processes in yeast reside on the cell 

surface (1). 

might permit some differentiation of ndirect" (target) effects of radiation 

from nindirect" (media) effects led us to undertake background investigation6 

of the effects of x-rays on the metabolic processes in bakers! yeast. 

present report contains the first of our observations along these lines. 

More recently it has been 

The possibility that the presence of these surface reactions 

The 

Methods: Fresh bakers1 yeast obtained weekly from Standard Brands, 

Inc., or yeast seeded from this and cultured 24 hours in Spieglemanls 

medium (2), was used in these experiments. 

of the cake was washed twice in distilled water, centrifuged for 2 minutes, 

and resuspended in M/l5 KH$04 buffer (PH 5.6) to the desired concentration 

(2 to 5 mg/ml) as determined by turbidity measurements with a previously 

calibrsted Rouy-Leitz Photrometer. 

harvested by centrifuging and washing twice with distilled water and 

resuspended in M/l5 m.$O 

Yeast removed from the center 

Yeast grown in Spiegleman's medium was 

buffer to the desired turbidity. 
4 

For irradiation the suspension was divided into two portions; one 

being placed in an Erhlenmeyer flask as a control, the other in a 25 ml 

Petroff flask for irradiation. 

suspensions during irradiation; 

Moist oxygen was bubbled through both 

the control being placed in the x-ray 
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room behind a l/Z-inch lead shield. %e temperature of both suspensions 

during irradiation was 2ZoC. The radiation factors were 250 w, 15 MA, 

no filter, 2000 p/mh. as measured in air; total dose = 90,000 r in 45 

minutes*, Following irradiation, the turbidity of both suspensions was 

che cked . 
Respiration measurements were made using Warburg-type respirometers. 

Aerobic studies were made by the direct method of observing O2 uptake and 

CO production. 

of the experiment to make the final concentration 0.05 to 0.075 M. 
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22. 

supernatant liquid was diluted to 100 m1 and the amount of glucose in 1 ml 

determined by the method of Folin and Malm~os (3). At least tvo standard8 

were prepared at the same time by adding 6 mg glucose to 2 ml. of distilled 

water. 

the amount of glucose added to the yeast suspensions, the glucose qWe from 

the medium was calculated. 

Assuming that the average value obtained for the standards represented 

To study colony formation aliqubts of irradiated and non-irradiated 

cell suspension were removed for counting by the flood slate method, Anderson 

and Stuart (4). as used by Sherman and Chase (5). 

24 hours after start of irradiation, spending the interim except for the 

irradiation period, in an incubator maintained at 30 C. 

The colonies were counted 

0 

, An estimation of cell death due to irradiation was attempted by 

staining with methylene blue and counting. 

mixed with two drops of 0.1 per cent methylene blue in M/l5 phosphate buffer. 

After 15 minutes the stained suspension was placed in an improved Beubauer 

counting chamber and the cells counted. 

Wo drops of suspension were 

Results: 1. Inhibition of colony formation vs. catabolic reactions. 

The relatively high radiosensitivity of certain growth and mmy other anabolic 

processes is, of course, well hown. To begin our studies, determinations 

were made in our yeast of the relative dosages required to prevent colony 

formation as compared with what might be regarded as more characteristically 

catabolic reactions (such as oxygen uptake, fermentation capacity, etc.). 

No exhaustive study was made since this point has been amply studied by 

Sherman and Cbase (5). 

in agreement with these authors, that colony formation can be completely 

prevented at x-ray dosages far below those which cause little or no change 

in over-all gaseous metabolism, 

We checked two levels and our reaults indicated clearly, 
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With our conditions and yeast an air dose of 20,000 r units 

conpletely prevented the formation of new colonies, while, as Will be shorn 

below, even 90,000 r failed to prevent oxygen uptake, CO2 production, or 

the uptake of glucose by the cells. 

processes was expected, but such a wide separation is especially convenient 

A.difference in radiosensitivity of these 

for further experimentation. 

2. Glucose uptake; The uptake of glucose by yeast very probably 

involves the cell membrane in an active process (6). 

this process might be a useful indicator of any differential effects on the 

cell surface enzyme systems, particularly by substances produced in the 

medium. Measurement demonstrated, however, that 90,000 r of 250 W x-ray8 

under our conditions did not alter markedly the disappearance of glucose from 

the medium. As shown in Tables 1 and 2, this dose, almost five times that 

necessary toinhibit colony formation, failed to slow or inhibit the uptake 

of glucose under either aerobic or anaerobic conditions. 

uptake rate in fermentation seemed to be slightly increased (Table 2, page 24). 

This appears to be the case also under aerobic conditions but is largely 

limited to the first three or four hours and is followed by some inhibition 

of questionable significance. 

It was thoughtthat 

In fact, the glucose 

\ - - 

!l'hese trends are evidenced by the averages plotted in Mgure 1 (page 25). 

The method of determination is considered sensitive to at least 

10 pg (3) and while there are too few experiments to apply ordinary tests 

of significance, the differences between irradiated cella and controls are 

regarded as real. 

3. OxyEen uptake: extraordinary radio-resistance of catabolic 

reactions in the yeast cell is illustrated by the data summarized in 

Table 3 (page 26) and Figure 2 (page 27). An air dose of 90,000 r units 

' 1 :> 4" -1 (1 
i I -1 is1 Ir i f.j 
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24. 

Time* 

hra 

2 

3 
4 
5 
6 
24 

t 

* Time after start of irradiation. At one hour 7.1 mg glucose were added 
in hcps. 15 and 16, 6.2 mg glucose in Exp. 17. 

wt 90,000 r air dose, 250 KV X-rays. 

1 
I Time* 

TULE I1 

AEBEROBIC GLUCOSE UPTAKE BY YXaSfi 
I 

0 # 21 # 23 
Irradiat edw Control Irradiated Control 

mg mg mg mg 

0.7 0 .7 3 .o 2.6 
3 .8 3 .4 

2.8 1.4 
5 .O 4.4 

2.6 2.2 5.9 5 a1 
6.2 5.5 

3.1 2.4 
4.0. 3.3 

. .--.. 

:...-. . .. #:.C7V, 
Figures represent mgm. glucose disappearing from the medium at 30° O,-, -<:7E(F.- . c::.<q ' * 

1' .i;;;.,' 

. , 'L, !@f.&jL, '. 
8 ,.:@:: ., 

* 
There were 2.1 mg yeast (wet weight) in Ekp. 21, 4.2 mg in 
Expa 23, 

added in Ekp. 21, 7.4 mg glucose in Ekp, 23. 

.{.Ai' ,. .!.q. ' 

' ... .... 
... . - =i..-{+.L 

:2. ,.$, 

* Time after start of irradiation. At one hour, 6.7 mg of glucose were 

* 90,000 r ab dose, 250 KV X-rays 

I E3fid ii-r 
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'i 0 0 
5' 

Hours after Start of Irradfation 

Fig, 1 Aerobic Glucose Uptake by Yeast (averages of three experhents; 
adjusted to the basis of .6,5 mg of yqaet) 

.. 
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Thes( 
hrs 

1 
2 

2&5 
3 
3.5 
4 

40 5 
5 

5.5 
6 

6.3 
7 

705 
8 

8.5 
9 
10 

1305 

TABLE I11 

OxPQEm UPTAEE BY BAKbR81 XEAST, EXPRESSED AS QOz ()21/mg 
might/hour) : Dosage, 90,OOO r, 250 KV )(-Bay8 

69.4 

74.7 

67.2 

57.7 

60.5 

54.9 

56.9 

50.6 

' 24 
bntrol 
- 

67 . 
72.2 

61 .O 

51.8 

54.8 

48 .O 

49.8 

41 

74.1 

66.9 

82.5 

62.4 

64.2 

64.8 

26 
bntrol 

-Olucost 

70 80 

5902 

85 01 

57 8 

56.2 

48.4 

A 
Irrad. 

added- 
44. 4 
64. 
68 82 
66.6 
61.5 
58.2 
58.4 
56.3 
52.9 
54.3 
52.3 

42.8 

,* Hours after start of irradiation 

* 24 hour culture in Spiegleman's medium 

27 
kntrol 

51.6 
64.4 
68.6 
38.7 
5483 
62 .1 
48.6 
49 .O 
47.7 
50 82 
42.5 

41.0 

14. 7 
13.1 

6a% 
11.6 
1283 
1787 
15.4 
18.5 
24.6 
14.7 

35.5 

2e1 
Control 

__ 

2 *3 
7.7 
2.1 
9.7 
10.4 
1782 
p.7 
15 a7 
21.7 
15 .? 

2889 
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02 UPTAKE OF BAKEFSr PEAST 

L25 

100 

75 

0) 
0 

k 
Q, 
tr 

!d 

2 50 

v 

0 
Q 

PI 

25 

0 

!3 k !5 k 7' 81 

Hours after Start of Irradiatton 

Concentration of Irradiated Suspensions 

Exp, 24 - 2'mg/ml 
Ekp. 26 - 1 mg/ml 

Exp. 27 - 1 mg/ml 
Exp. 30 - 2 mg/d 

4 

(laboratory cnltae) 

Fig. 2 Changes in Oxygen Uptake after Irradiation 
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of 250 KV x-rays failed to inhibit the over-all oxygen uptake of bakers' 

yeast respiring in 0.05 M glucose. 

but consistent stimulation. The stimulation appeared whether the cells were 

cultured in the laboratory (experiment 30) or used directly from the block- 

of comerical bakers' yeast (see contrasting effect on C02 production below). 

The figure's for the first three hours in experiment 30 indicate a very large- 

stimulation, but are too erratic to be considered significant without 

confirm tion. 

In fact, it appeared to produce a small 

4. Anaerobic C02 production: Comparable data for anaerobic c02 

production are shown in Table 4 (page 29) and Wgure 3 (page 30). Yeast 

used directly from the original pound block showed a decreased rate of 

fermentation after irradiation in only two instances (hours 2-4 of experiment 

23). Otherwise, this dosage produced varying degrees of stimulation. However, 

an inhibitory action is seen in experiment 29 employing yeast cultured in 

this laboratory. This may, if confirmed, indicate an effect of cultured 

conditions. Sherman and Chase (5) found uniform inhibition of anaerobic 

C02 production by this dosage of x-rays only in yeast grown in Reader's 

medium and emphasized the role of previous culture conditions on the 

susceptibility of this particular process to radiation. 

5. Dilution: The concentrations of yeast were chosen to be within 

no effect the more sensitive range demonstrated by Sherman and Chase (7). 

of concentration was noted over the range presented herein, but more formal 

studies of the dilution phenomenon are in progress. 

Discussion: The preliminary experiments reported here illustrate 

the ease with which frankly anabolic reactions such as colony formation Can 

be prevented by x-irradiation without obvious damage 

reactions. This is an expected result. Stimulation 

II 3 ' "lq-' 

i I .I c, :: 0 3 

to the over-all catabolic 

of catabolic reactions 

'ti 
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ANAEROBIC C02 PRODUCTION OF B-1 YEAST 

- -t 

125 1 

I / 

_- 
I/ I I 1 1 

de.--- ' Erp.21 

-- t-- 
0 

Exp. 29 

Hours after Start of Irradiation 

Concentration of Irradiated fiuspensions 

Em. 18 - 4 mg/ml 
~xp. 20 - 5 mg/ml 
m. 21 - 2.1 mg/d 

FQ, 22 - 2.1 mg/d 
Exp. 23 - 2.1 mg/d 
E@. 29 - 1.9 mg/d 

, 

I & B- t 3 \i I: ;j 
(lib0 rat o ry culture) 

UR 01797 Fig. 3 Changes in Anaerobic C02 Production after Irradiation 



in yeast by x-rays has not been reported to our knowledge, although this 

effect is not unexpected either. In fact, Giese (8) ha6 found, under certain 

conditions, rather large stimulations of the endogenous respiration of yeast 

by ultra-violet light, and Fern and Latchford (9) reported a fairly consistent 

/ 

increase of muscle respiration (about 30 per cent) following large doses of _. 

unfiltered x-radiation. More recently, Richmond, Altman, and Salomon (10) 

noted stimulation of the oxygen uptake of bone marrow after irradiation. - 

2. 

The mechanism of these effects is probably complicated and indirect. 

However, in view of their similarity to the effects of chemical agents such 

as azides and dinitrophenol where uncoupling of high energy bound phosphorylations 

occurs, the increase in over-all catabolic reaction rates at x-ray dosages 

sufficient to prevent many anabolic reactions may be indicative of some inter- 

relationship. 

The fact that glucose uptake was not inhibited by 90,000 r of x-rays 

somewhat negates the hope of separating "direct" from "indirectn effects of 

x-rays by a study of reactions at the yeast cell surface (presuming glucose 

uptake involves the cell surface directly). Bowever, a more formal study of 

dilution phenomena and of other reactions shown to occur at the cell surface 

(1) is planned before diSmi136ing these possibilities. 
.- 

SUmmaly: 

1. X-ray dosage levels have been established for complete inhibition \- 

of colony formtion by bakers' yeast without inhibition of over-all metabolism. 

A convenient level for this situation is 20,000 r, 250 Rv x-rays, This confirm8 

the results of Sherman and Chase (5). 

2. Under our conditions 90,000 r, air dose, of 250 KV X-rays 

usually produced a small but consistent 

anaerobic C02 production at this dosage 

stimulation of both oxygen uptake and 

level. These stimulation phenomena 
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32. 

have not been described previously under these conditions. 

3. Glucose uptzke wss measured as a reaction involving the cell 

surface. 

inhibition of colony formation did not slow the rate of glucose uptake by 

the cells. There was a slight stirmrlation of glucose use under anaerobic 

condi ti ons. 

An x-ray dose almost five times that sufficient to produce complete 

4. These preliminary experiments are being extended. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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THE OZONOLYSIS OF SUBSTITUTED WIC ACID IMIDES 
UD THEIR USE IN THE DEGRARATION OF PORPHYBIXS 

BY 
J. E. Richmond and K. I. Altman 

Background: The need for a suitable method for the degradation of 

tetrapyrrols, such as protoporphyrin and chlorophyll derivatives, for the 

purpose of studying the C14 distribution after incorporation of Cl4-hbeled 

precursors, has led to the development of e method for the degradation of 

the oxidative breakdown products of tetrapyrrols. The method here to be 

reported permits the iso-lation of fragments of the pyrrol nuclei in good 

yields. Although the oxidative degradation products of porphyrins have 

been further degraded by other ma8 (l), these procedures have not been 

accompanied by good yields. 

Methods: The method to be described involves the preparation of 

crystalline ozonides of methyl ethyl naleimide and hematinic acid imide. 

The preparation of one of the ozonides, namely methyl ethyl maleimide, has 

been described briefly by Flscher and Deb< (2). 

ethyl maleimide and hematinic acid imide obtained from chromic acid 

oxidation of protoporphyrin IX (3) was carried out .by paSSing ozone 

(1.8 meq./min.) from a high-voltage type ozone generator for 30 minutes 

through a chloroform solution containing the respective substituted maleimide 

in concentrations of 100 mg. per 100 ml. chloroform. Both ozonides could 

be brought to cryetallization by concentrating the chloroform solution to 

a small volume in a vacuum deeiccator. The products were recrystallized 

several times from chloroform-petroleum ether, These ozonides, in contrast 

to the ozonide of unsubstituted maleic acid, are quite stable and could be 

characterized by melting point, elementary analysis and infrared and ultra- 

Ozonization of methyl 
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i F 3 E:! I: 

violet spectra. 

Sone efforts have been made to chaxzcterize the ozonides. First 

of all, elementary analyses have been carried out with the following results: 

Me thyl e thyl maleimide ozonide 

Found 
Calculated 

Infrared absorption spectra 

Per cent Per cent Per cent 
C H B 

45.42 5.11 7.86 
45.00 4.83 7.50 

were measured by depositing the ozonides in 

question on hgCl plates*. 

superinposed upon the parent compound, that is, the respective substituted 

maleic acid imides. 

The spectra are shown on the accompanying figure0 1 and 2 

Since the decomposition of these ozonides by the usual, mild procedures 

proved unsuccessful, it was necessary to resort to more vigorous methods. 

Thus, the catalytic hydrogenation of the ozonides according to the method 

of Fischer, Dull, and Ertel (b), using Pd-CaCOg as catalyst, led to decomposition 

of these stable ozonides and to the isolation of the expected decomposition 

products in good yield. The folloving decomposition products were finally 

isolated from .the two ozonides. 

n 

/O3, 
CH C = C-C%C3 C5-C 

I 

‘m’ . m’ o=c C=O 
3“~ I -4 
o=c c=o 

\I 
N 
H H 

Me thylethylmhimide 

C- CH2C% COOH 

0 

CH C = CC%C%COOH c3-c ’ 3, 
I I 

o=c Cd 
3-1 I 
o=c c=o 
‘d ‘I?’ 

H H 

CH COCOOH+ 
Hematinic Acid Imide dH-C%CH,-CO COOH 

*We are indebted to Dr. Steadman and Mr. Levy for thee0 meaauremnts, 
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Twenty milligrams of the ozonide were taken up in 50 ml. of dry ethyl 

acetate and 10 mg. of Pd-CaCO were added. Hydrogen gas Was bubbled through 

the reaction mixture at atmospheric pressures and at 25OC for one hour. 

3 

The reaction mixture was then centrifuged and the supernatant removed and 

extracted several times with ethyl acetate. The ethyl acetate solution 

was evaporated to dryness and the oily, unsynnnetrical imide transferred to 

a sealed-tube system for hydrolysis with 50 ml. of saturated barium hydroxide. 

The sealed tube was shagen continously at room temperature for 24 ho-8, 

the contents acified; and the carboxylic acids extracted with ether. After 

removal of the ether -- in vacuo the alphaketo acids were converted to their 

corresponding 2,4-dinitrophenylhydrazone derivatives for the purpose of 

chromtographic separation. The 2,4-dinitrophenylhydrazone derivatives 
. 

of the resulting alpha-keto acids were chromatographed on supercel, 

essentially according to the method of LePage (5) with slight changes in 

the relative proportions of the solvents used for adsorption and development 

of the chroma togram. The phenylhydrazone derivatives were eluted from the 

supercel colunm, recrystallized several times, and were then characterized 

by correctness of the melting point. The phenylhydrazone derivatives could 

then be degraded further by one of several known methods leading to the 

isolation of single-carbon fragments. 

Conclusion: A feasible method for the degradation of porphyrin8 

of the protoporphyrin IX type is described. This method is applicable to 

studies of isotope distribution among the carbon atoms of the porphyrin 

skeleton since it permits eventual isolation of the individual carbon atoms 

and, therefore, measurement of the C14 activity of an individual carbon 

atom contained in the prophyrin ring. This method will find its application 
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in future studies with various precurosrs of hemin and chlorophyll. 
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SERUM AND URINARY PLASMIR ACTIVITY RELBTED To THE HEEQDRREIAGIC DIATHESIS 
Ill IRRBDIb!FED DOGS 

Bs 
J. Colgan, E. Gates, and L. L. Miller 

Fibrinolysis has been the subject of speculation as a factor in the 

pathogenesis of the post-irradiation hemorrhagic syndrome in goats (l), but 

no study of the relation of large dose whole-body irradiation to changes in 

fibrinolytic enzymes has come to our attention. 

We have observed a close association between a rise in the urine and 

total serum plasmin activity and the development of the hemorrhagic syadrome 

in dogs after exposure to 450-700 r of whale-body irdation. The change 

in the activity of the urinary enzyme is more pronounced quantitatively 

and approximates a fifty to one hundred fold increase of control base line 

activity. 

Of perhape greater significance is the fact that the fibrinolytic 

activity increases markedly 24 to rc8 hours before the dogs manifest gross 

hemorrhagic lesions and become clinically very ill. The enzyme activity 

remains abnormally high in the dogs that go on to die with hemorrhage as an 

outstanding, if not prinrary, cause of death. 
\ 

Methods: Healthy adult dogs of predomirumiily beagle strain maintained 

on the stock kennel diet were kept in metabolism cages for the collection of 

urines which were preserved by freezing in dry ice-acetone. Blood was drawn 

daily in amounts of 5 to 8 cc to provide serum for testing, 

The methods of assaying serum and urine were eseentially those of 

Cristensen (2) and Ungar (3) respectively. The level of the urine enzyme 

activity is asseesed as the maximum dilution of urine to which an added 

standard amount of beef fibrinogen (4) fails to form'a clot after incubation 

for exactly 30 minutes at 37O C, when hemostatic globulin Lederle is added. 
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The 6f3pUm enzyme activity is reckoned as that dilution Of 6erUm Which 

within exactly one hour at 37O C completely lyses a standard fibrin 

clot formed at the outset of the test by mixing 8 standard amount of beef 

fibrinogen with the streptokinase activated serum in the presence of 

hemostatic globulin. 

In the case of the serum, the plasminogen is thus fully activated 

wOth streptokinase (generously supplied to us by the Lederle Company, 

Pearl River, IT. Y., as a streptokinase-streptodornase mixture) and the result- 

ing activity corresponds to the total of serum plasmin plus plasmhogen, Our 

attempts to fractionate dog serwn quantitatively to remove natural serum 

inhibitors as described by Milestone (5)' and Cohn (6) have failed to give 

clean-cut fractions. For this reason we have chosen to study the plasmin 

activity in the presence of the na-1 serum inhibitors. 

As alrdy noted by kcbrlane (7) we have found tbat the urinary 

enzyme is excreted in the fully activated s'tate, and its activity is there- 

fore measured without streptodornase activation. 

Although each dog served as its own control, the base line data 

obtained in the two to four days preceding radiation show very closely 

similar activities in both plasma and urine of all dogs, 

Radiation factom for the X-ray machine used are 250 kilovolts, , 

15 milliamperes, aluminum parabolic filter plus O,5 mm of copper, half- 

value-layer equivalent to 2.15 mm copper, and skin target distance 

36 inches, 

bsults: Six animals have been studied to date and the results are 

without exception very closely similar. However, for the purpose of this 

report 

E13 

the results of only two experiments will be described in detail. 

Table I presents the results of observation on Dog D2 and Table I1 
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TABLE I 

Dog D-2 Female Beagle 

~~ ~ ~__ -~ ~ 

Time in Urine Serum 

ays Before and Fibrinogenolytic Fibrinolytic 
f ter Radiation Titre Titre 

Remarks 

4 Undiluted urine 1-1500 
shows partial 1-1700 

1-1500 
3 

1 fibrinogen after 1-1500 
2 destruction of 

30 min. at 37O c. 

NOnnal 
(I 

I 

n 

700 r Whole Body Radiation 

1 
2 

3 
4 
5 

6 
7 
g 

9 
10 
11 
12 

13 
14 

15 

16 
17 

1-7 
1-9 

1- l-2 

'-z 1- 

1-5 
1-4 
1-5 
1-5 
1-15 

1-18 

1-25 
1-50 

1-1600 
1-1500 
1-1600 
1-2000 
1-2000 

1-1900 
1-1900 
1-1700 
1-1500 
1-1600 
1-1'500 
1-1600 
1-1700 
1-2000 

1-2400 

1-2500 
1-2500 

Vomited after X-Ray 
Dog eating poorly 
Slight diarrhea, no food 
Slight diarrhea, food started 
Diarrhea persisting, food intake 

Stools solid. Unremarkable 
normal 

I 

I 

I 

I 

)I 

Sl ight diarrhea 
Unremarkable 
Anorexic. EBC sedimentation rats 

groe8ly increased 
Injected 250 ml Lockets solution 

IV. Dog drooling from mouth. 
Ate little 

Anorexic. Dog drooling and weak 
Dead 

Autopsy Findings in Dog D-2 

Multiple scattered hemorrhages in thoracic viscera, lymph nodes, GI tract, 

skin and adrenals. Pneumonia, right lower lobe. Pulmonary edema. 
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Dog D-3 Female Shepherd Mongrel .. . . 
.. .. .. 

-. .. 
.. - . :. 

Time in Urine S em 
Days Before and Fibrinogenolytic Fibrinolytic Rem rks 

After Radiation Titre Titre 
3 

Undiluted UT ine 1-1 goo 
some fibrinogen 1-1 goo 
destruct ion in 1-2000 

Undiluted urine 1-1900 
30 min. 

completely de- 
stroyed f ibrino- 
gen in 30 min. 

1-1 goo 
1-1goo 

2 

1 

Norm1 
I 

I 

I# 

.. .. . . .. 
.. 

’_ 

.. 

.I 

I 

w 
: ..* 

~ 

450 r Whole Body Radiation 

1-1 goo Unremrkzibl e 
S1 ight diarrhea 

1 1-3 
1-2000 

Unremarkable 
2 1-3 

1-2000 1-5 
1-11 1-2200 

3 
4 

1-10 1-2lOO 5 
6 

.. I 

a 

Contaminated 1-2200 Diarrhea 

with feces be- 

yond use 
1-2300 Stools solid. Unremarkable 

1-3 w 
1- 2300 

7 
8 1-2 

9 1-3 1-2300 RBC Sedimentation rate grosely_ 

increased 1- 

10 1-4 1-2200 Diarrhea 
1-2200 Stools solid 
1-2200 Stools solid 

11 1-3 
12 1-25 1-g 1-2200 Diarrhea 

1-70 1-2600 Edema of mouth increasing. Dog 

1 1- 1-2500 Conjunctival hemorrhage. Ulcera- 
tion of lip with edema 

very weak 

failing 

’Z 
\ 

15 

16 1-75 1.2500 Ulcer and edema sevBre. Dog 

17 Dead 

Autopsy Bindings in Dog D-3 

.. . 

.< .. 

II _.. - 

.. 

1. .. . 

...; 
.. . 

., 
.. ’ 

.. .. .. 

._ 

-. . 

Massive pulmonary hemorrhages in left upper, lower and middle lobes, and 

. . - 
right lower and middle lobes. Hemorrhages of skin, diaphragm, intestines, lymph nodea, 

._ 
. . . _. ;.: 

.. .... .. 
. .. ~ 

I_ and conjunctiva. Infected ulcer of lower lip. . ;, 

, ’ , . .-.: - -:,.. ., !; 
. - I. . - ... . 
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presents those on Dog D3. Both dogs showed some clinical disturbance 

manifest by slight malaise and diarrhea in the first few days after radiation; 

this was reflected in both the urinary fibrinolytic activity which reached 

a peak about the fifth to seventh day after radiation, decreased somewhat 

without returning to normal, and then increased sharply around the twelfth 

to fourteenth day after radiation.unti.1 the time of death three or four 

days later. The changes in serum fibrinolytic activity in Dog D2 resembled 

qualitatively the wine activity changes. In Dog D3 the early rise in 

serum fibrinolytic activity was not as large, and the increased level of 

activity was sustained until three days before death when the level 

finally reached was about 25 per cent above the base line control. 

final level of BBPUII~ fibrinolytic. activity in Dog D2 was about 50 per 

cent ahove the base line level. 

The - 

It is remarkable that the pronounced changes in enzyme activity 

were noted 24 or 48 hours before the dogso clinical condition deteriorated 

and that widespread gmssly recent hemorrhagic lesions were noted in both 

dogs. Most of the hemorrhages in Dog D2 were small and the immediate 

caue of death was apparently a pneumonia. In Dog D3, however, there was 

massive interstitial pulmonary hemorrhage with terminal bleeding from the 

mouth. as well as widespread small hemorrhages into almost all organs, 

Discussion: It now appears that sumEva1 of dogs from whole-body 

irradiation at the 500 r to 750 r dose level is conditioned by the twin 

hazards of microbial infection and hemorrhage. Thus, whale dcrobial 

infection may be controlled or eliminated with antibiotics, the danger 

of serious or fatal hemrrhage remains to be dealt with. 

The pathogenesis of the hemorrhages resulting from radiation injury 

have been analyzed in terms of (a) the 106s of platelets from the circulating 
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blood, (b) damage to capillary endothelium with resultant increase in 

permeability or actual cqi1laz-y rqture. ($1 diminished coagulability 

of the blood presumably related by some $0 ~heparinoidM substances in 

the blood, As a read% of OUT obsemations, it seems reasonable to strongly 

suspect that abnormal fibrinolytic actfvity is fundamentally related to the 

development of tissue hemorrhage as a result of radiation injury. 

factors capable of locally converting the inert plasminogen to the fibrinolytic 

enzyme plasmin have been described (8). 

Tissue 

In Permlnls report lung has the 

highest plasminogen activating capacity and this coincides with the fact 

that pulmonary hemorrhages are ve~g commn in the post-radiation hemorrhagic 

diathesis e 

Largely unknown are the origin, function, and fate of serum 

plasminogen and plasmin, and their relation to the urine fibrinolytic 

enzyme which has been described to have properties slightly different (7) 

from the 6€~~m enzyme. 

In view of the demonstrated ?n vitro (9) and in vivo (10) action of 

crystalline soy-bean trypsin inhibitor in the inhibition of serum plasmin 

activity, it, seems highly desirable to test this material as a therapeutic 

agent for prevenefng or mnimfzing +,he hemorrhages incident 50 radiation 

summam: 

1. The urinary and serum fibrinolytic activity has been measured 

in dogs after 450-700 r af whole-body radiation. ' 

2. Three OT four days before death both the urine and serum 

fibrinolytic activity increase very sjgnificantly reaching mxfmum value8 

just before death, 

J0 The relation between the enhanced fibrinolytic enzyme activity 

UR 01811 



and the hemorrhagic: lesions noted at autopsy is discussed, 
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THE EFFECT OF SPLEEN SHDLDING ON X-IRRADIATION MORTALITY IN DES 

by 
M. P. Coulter and F. W. Furth 

Background: Jacobson and his associates have reported a 77.7% survival 

of mice exposed to 1025 r of whole body x-irradiation with lead shielding of 

the exteriorized spleen (1). A rapid recovery from hemapoiesis was demonstrated ' 

in the surviving mice (2). 

by their other studies on spleen shielding of rats and guinea pigs (3, 4). 

became of interest to determine whether spleen shielding during x-irradiation 

This effect has been shown not to be species specific 

It 

would alter the survival rate and hasten the hematopoietic recovery in the dog. 

Methods: In the initial study when methods were being worked out, 14 dogs 

which had previously received 450 r whole body x-irradiation (6 weeks prior to 

this study) were used (Group A). 

adult dogs were studied. 

Following this, a second group (B) of 4 normal 

The dogs were operated upon under intravenous nembutal anesthesia. 

spleen was mobilized and exteriorized through'a left lateral abdominal incision. 

The 

One-half of the dogs had their spleens shielded with one-eighth inch lead during 

the x-irradiation. 

shielded. 

body x-irradiation under the following conditions: 250 KV 15 ma plano-convex 

aluminum filter with 0.5 m. copper, target skin distance 40 inches at a rate 

of 7.15 r per minute. 

second group of 4 dogs received 500 r (B). 

The spleens of the control dogs were exteriorized but not 

Immediately following operation the anesthetized dogs received total 

The first group of 14 dogs (A) received 450 r and the 

Hematological studies including hematocrit, counts of the white blood 

cells, platlets, reticulocytes and smears were carried out twice prior to 
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irradiation and twice weekly following irradiation. 

were made prior to irradiation and at varying periods post-irradiation by 

Dr. P4arylou Ingram. 

later . 

Bone marrow aspirations 

The results of the bone marrow studies will be reported 

Results: The hematological data are shown in Graphs I - IV. In 

GrouD A, as shown in Graph I, the white blood cell count remained at a higher 

level in the spleen shielded dogs than in the control dogs and showed a trend 

toward recovery at an earlier period. 

values in shielded and control dogs in Group B, as shown in Graph 111, but 

again an earlier recovery was evidenced. 

Graphs I1 and IV also indicate that the red blood cell counts began to return 

The leukocyte count fell to equally low 

The hematocrit values as shown in, 

to normal values at an earlier ueriod in the shielded than in the control dogs. 

There was no significant difference in the platelet counts between the shield- 

ed and control dogs, except'that after the 11th day in Group A dogs the value 

began to rise and return toward normal values in the shielded animals. The 

reticulocyte counts did not show a response in the shielded dogs during the 

28 day post-irradiation period of study. 

In Group A, the first death in the control dogs occurred on the 8th 

day post-irradiation while the first death in the shielded group occurred on 

the 14th d.ay post-irradiation. 

dogs; 44$ in the shielded dogs. 

The first control dog in this group died on the 11th day post-irradiation and 

the second one on the 18th day post-irradiation. 

The 28 day mortality waa lo@ in the control 

Neither of the shielded dogs in Group B died. 

The wounds of the control dogs all became necrotic a few days prior 

to death. Necrosis of the abdominal wound was noted in only two of the shield- 

ed dogs. One of these died while the other healed his wound and lived. 
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Gross patholoff studies did not reveal any significant differences be- 

tween the control and shielded dogs that died. 

pulmonary hemorrhage and edema, and gastro-intestinal hemorrhage. 

The major derangements were 

Only the spleens of those dogs fn Group A that died have been studied 

microscopically. The spleens were uniformly hypoplastic and no difference 

was noted between spleens from shielded and control dogs. 

be noted that all of these animals had received 450 r of x-irradiation 6 weeke 

prior to this present study. 

However, it should 

Conclusion: Lead shielding of the exteriorized dog spleen during 

x-irradiation apnears to be an effective mean8 of reducing x-irradiation mortal- 

ity. 

44% of the spleen shielded dogs died. 

2 controls died while the 2 spleen shielded animals survived. 

hematological studies of the blood smears and the bone marrow studies are at' 

present incomplete so that no definite statement can be made regarding an early 

recovery of hematopoietic tissue in the spleen shielded dogs. 

peripheral white blood cell counts and hematocrits indicate that this may occur. 

It is realized that an evaluation of the hematopoietic tissue of the spleen 

would involve a sacrifice experiment in order to compare the tissue from 

living and dying animals at the same period, post-irradiation. This type of 

study is more easily carried out with small animals. 

Of 14 previously irradiated dogs, lo@ of the control animals died while 

Of the 4 normal dogs studied, the 

Peripheral 

However, the 
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EFFECT OF AUBEOMYCIN AND WHOLE BLOOD, SINGLY AND IY COMBIUTION, 

*ON THE X-IRRADIATED (575 r) DOG 

by 

Prank W. firth, Molly P. Coulter, Robert W. Miller and Scott E. Swisher 

This report is a brief preliminary summary of the results of an experi- 

ment on 96 dogs that received.575 r of 1 mev whole body x-irradiation (rate 

8 r/min.), and that were .treated with Aureomycin and/or whole blood transfusion. 

A complete report is in the process of preparation. 

Methods: Following a control observation period to irradiation, the dogs 

were separated into 4 equal groups of 24. One group received no medication 

whatever and 8emed as controls. 

(approximately 50 mg./kg.) .of Aureomycin twice daily at 12 hour intervals 

One group received one 250 mg. capsule 

qtarting 24 hours after irradiation, and continued for 28 days poet-irradiation. 

Another group received Bureomycin in an identical fanhlon, and in addition re- 

ceived typed, cross-matched, compatible whole blood whenever the individual 

dog's hematocrit fell below 60$ of the pre-radiation value. 

group of 24 dogs received no Aureomycin but were given whole blood on a 'demand" 

The remaining 

basis as outlined above. 

standard ACD solution at least 48 hours before administration, stored at 4O.C 

and was administered in 125 cc. amounts into the hind leg vein over a period 

of 10 to 12 minutes. 

The blood had been drawn from the donor dog into 

Besul t a : 

1. Mortality 

The mortality rate and final mortality in each group is 

summarized in the table on the following page. 
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TOTAL DOGS DEAD - 
Final 

Mortality 04-0 days) 
No. - No. 2i 

Days Post-hdiation 10 

I- 

Controls 

Aureomycin 

7 q 18 75 20 83 21 gg 21 88 

1 4 13 54 18 75 n 88 22 92 

Aureomycin + Blood 1 4 9 38 17 71 18 75 20 83 

Blood 4 16 16 67 n 88 22 92 22 92 

Note: Six dogs in the blood grouD and one dog in the blood and Aureolqycin 
group did not receive a blood transfusion because death occurred before the 
hematocrit fell below 80$ of normal. 

2. Hematology 

The leucocyte count fell raDidly, yost-irradiation, in an exponential 

manner and at the identical rate in each emerimental group. 

decreased in a more linear fashion and no significant difference could be de- 

tected among the grouns. 

all the grows Daralleling each other until the 9th to 10th poat-irradiation deg 

when the average level had reached 

the average henatocrit in the two ~~OUDS receiving transfusions was between 

80 and 855 of the me-radiation value during che entire post-irradiation period. 

The Dlatelet count' 

:4; ' 
Z'" -. ., 

.. .J 
The hematocrit decreased in a direct linear fashion with 

, 

of normal. By means of blood transfisions 

_- 

In the control and duraoqycin groups the hematocrit continued to decrease until 

it had reached an average level in the surviving dogs of aproximately 55% by 

the 18th post-irradiaticn day. 

Je Blood Tramfusions 

All the dogs that were to receive blood transfusions were typed for the 

presence or absence of the dog "A" Factor. The A aositive dogs received A poei- 

tive or A negative blood, whereas the A negative dogs were given only A negative 

blood. 

transfusion. A donor colony of 25 large dogs was maintained. 

I 

In adaition, a minor and major cross-match has done immediately before each 

Only dogs haYing a 
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hematocrit of 42 or above were used for donors. 

each were administered to 40 dogs during the course of the experiment - an average o 

305 transfusions or 43s cc. Der dog (aDTroxhtely 50$ of the estimated normal bloo 

volume), The dogs treated with hreomycin and blood received on the average more 

$ransfisions per dog - 4.1 tmsfusions or 513 cc. per dog - than those receiving 

blood alone. The dogs receiving blood alone were given 2.8 transfusions or 350 cc 

Der dog on the average. This difference may be explained by the fact that more of 

the Aureomycin and blood treated dogs lived into the post-irradiation period of oe 

anemia and bleeding. in the bloo 

and Aureomycin treated group died before their hematocrit dropped below gC$ of tha- 

pre-radiation value and therefore received no transfusion. 

treated dog that survived had no hematocrit level below SO$ during the post-irradia 

period and was not transfused. 

above gCi$ of normal pre-irradiation value. 

dogs living in each group and the number of transfusions given on each of the port- 

irradiation days. 

A total of 140 transfusions of 125 

Six dogs in the blood treated group and one dog 

One Aureomycin and bl 

Bo other surviving dogs maintained their hematocr 

The following table shown the number o 

- . -. hY 8 .. - 
Post-Irradiation 7 8 9 10 11 12 13 14 15 16 17 18 19 20- 20+ 

Blood Only 

Bo. Dogs Living 23 22 20 20 16 14 12 9 8 6 5 3 3 3 2 

BO. $ransfusions 5 2 1 5 7 7 6 8 5 5 o o o o o 

Blood + Aureo 

No. Dogs Living 24 24 24 23 21 19 18 16 15 13 13 10 8 7 6 
No. Transfusions 0 4 2 4 7’ 4 7 11 14 7 10 2 2 4 12 

No hemolytic, allergic, or other transfusion reactions were observed in 

any of the transfused dogs,, 

_..a .. 
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4, Groee Patholorn 

A complete autopsy -8 performed on each dog that died to determine the 

principal cause of death. 

remlt8 of these ersminationr will be reported later. 

percentage of the dogs that died'in each group which erhibited the lesions liated. 

Sections were taken for microscopic examination and the 

The following table 8hova the 

C ont r ol B hr e omy c in Ameomycin + Blood Blood Alono 

Severe Pulmonary 
Hemorrhage 

Severe Gastro- 
Intest. Hemorrhage 

29% 16 

9% 32% 

40% 

5096 

Sever e Myocardial 
Hemorrhage 

Severe Urinary 
Bladder Hemorrhage 

Duodenal 
Ulcerat ion 

5% 23% 

36 . 45% 

096 

54 8 

15% . 23% * 

Some of the variation in the'incidence of the leaions listed above may be 

due to differences in time poet-irradiation when the dogcr in the separate &roup8 

died. However, the increased incidence of severe pulmonary hemorrhage in the group# 

receiving blood transfusions appears to be significant. 

of the gross pathology will be given in a later report. 

5. Aureomycin Blood Levels 

A more detailed description 

Aureomycin blood levels were done on a few dogs pout-irradiation st one hour * 

intervals following the administration of the single 250 plg. capsnle of Aureomycin. 

The results of these studiee show that the maximum blood level achieved was 

8 mcg./cc. three hours after the administration of the drag, and that the level 

was above 2 mcg./cc for only a maximum of 4 houra. 

tion and in dogs appearing severely ill, the level did not exceed 2.5 mcg./cc. and #I 

above 2 mcg/cc. for only 2 hours. 

no evidence of @stro intestinal hemorrhage. 

Beyond the 10th ders port-irradia- 

The dogs which showed the low blood level# had 

I 3 li t, i 13 
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A CADMIUM SULFIDE CRYSTAL DE!FECTOB MOUETED IN BppoDlEBMIC 5DLll.. 
FOB IH VIVO WUTIOE STDDIPS 

BY 
Samuel c. zizzo 

This report 6-rlzes progrese in the construction of CdS-type 

crystal nrdiation detectors rith hypodermic needle mounting suitable for 

-- in vivo use in animal experirnente. The use of one of theee unite for 

circulation time meaeursmenta in rate le deocrlbed. 

A limited number of CdS crystals have been grown With eome dlfficrrlty 

at this laboratory by the method of crystallization from the gaeeoae pha80 

as briefly dercribed by Frerichr (1). Due to tha diffiCpltie8 encountered, 

the techniqw for growing cqyetale 18 being farther inveetigated. 

Bath fut and cylindrical cryatalm have been mounted. A flat 

crystal mount ie ehown in figure8 1 and 2. A mounting methed for hollow 

cylindrical crystals ie shown in figure 3. Only the cylindrical mounting 

will be further described here because it8 greater sensitivity makes It the 

more prodsing. . 

For the hollow cylindrical crystal an internal electrode -8 de 

by allowing a thin aqmdag suspension to be drawn Internally by capillary 

action, 

The outer surface of the crystal was then aluminized by evaporation and a 

The end of the wire was then inserted and the proceee repeated. 

. 
wire lead attached vith aqnadag. Tb leade were insulated by concentric 

gkas tubing. 'phe cryetai bad an oateide diameter of 0.5 mm. and internal 

diameters at the ends of 0.2.and 0.3 mm. The crystal. was aupported on 

leade mounted with wax at the end of a hypodermic needle ae ehown in 

figure 3 (page 60). 

potential acrosa the cryetal of 60 volte caused continual discharge. 

A glass envelope covered the crystal aeeembly. A 
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For counting, a slightly lower voltage was used. 

For the detection of beta particles a preamplifier and linear 

amplifier, Atomic Instrument Model Eo. 205 and 2044 respectively were 

used. One crystal electrode vas capacity coupled to the preamplifier, 

the other grounded. Hicraphonics originating at the crystal-preamplifier. . 

.. 
stage have not yet been reduced to an entirely eatisfachry level. b t. 

m8simum pulse height of 700 p volts was meaeured at the preamplifim 

output when the detector was immersed in a $'-containing solution; 

in an solution the maximum pulse was 230 p volts. 

conditions the amplifier mise level ya8 10 p volts. 

Under the best 

A $2 solution of 0.15 pc/cc gave a counting rate of 200 counts 

per minute, 50 times the background rate of 4 counts per minute. 

Bioloci cal Amli cat ion 

An experiment was conducted on h0 gram rats which we= anesthetized 

with sodium barbi to1 injected intraperitoneally. 

studies were rmsde by injecting radioactive-labeled into the left 

femoral vein and detecting the radioactivity of the blood as it flowed 

through the right femoral vein. 

Blood circulation time 

.. 
Incisions were nxub along each leg thereby 

exposing ths femoral vecasele, each that the cylindrical counter could be 

placed along side the one vein and the radioactive dose injected into the 

other, Voltage pulses produced by betas after the injection of the radio- 

active dose were amplified, fed into a counting rate circuit, and recorded 

by a graphic ammeter. A reproducible record is given in Figure 4 (page 60). 

The time of injection be been labeled. by T = 0 and peaks labeled 1, 2, 
*' 

and 3 represent detection of the administered dose of 0.1 cc of 2 millicurie6 

P32 per cc as it was diluted by the blood. In repeating this elperihnt 
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ten times three definite peaks were observed after P32 wa8 injected and 

the average circulation time between peaks was found ta be 3.5 seconds. 
X. 

In three case8 continuous records were taken for five to nine minutee= .. . 

after the P32 injection. Prom the data obtained, it wae foUna, that the 

average P3' concentration in the blood decreased 13 per cent per minute 

after the first half minute. 

Biblionrap& 

1. Frerichs, E., The Photo-Conductiviw of Incomplete Phoephors, 
Physical Review, z, 594 (19%'). . -_. .e 

.- 

. , . . ._ . -. - 

, '. 

I. 

.. . . ... .... . . . ' .. ---A -- - 

.. 
,. ..: . 

- -. 
, . .. -.. .-. . . .. ., .. - .. . ' 

UR 01825 



59. 

EDGE 
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AN IBST-T FOE COJrmIllTUOUS SAMPLIBG AID BECOBDIXG 
bY 

George A. Simon and Sidney Laskin 

IntroClnction: A next step in animal inhalation exposure chamber te 

was foreaeen to be the development of an inatrament which would continuous 

withdraw a sample of atmoephere from the inhalation chamber, and measare 

record the concentration of airborne particulate matter contained there1 

Ultimately the inetrament could so control the chamber atmoephere that th 

concentration of particulate matter would automatically be Idntahed st 

pre-determined level, 

nee on the propoeed chronic UOa Inhalation etudy to be began in the near 

future. It ia moot desireable in low level studiee to be aware of any te 

porary upward snrge in concentration of the aeroeol inhaled by the animal 

becanse mch a surge when working near the toxicity threehhold values, c 

easily equal the entire amount of aero801 normally inhaled by the animals 

a period of houra. 

any non-continuous sampling method. 

ed in this report waa deeigned and built. 

Such a device, if made available, waa considered f 

Such surges cr concentration peaks are eesily miesed by 

With this in mind, the instrument deo 

Brief: - A continuone strip of filter paper, one inch wide la pulled 

at a constant rate through an airlock and across a eampling port, where the 

aerosol is filtered from a constant flow of exposure chamber atmoephere. 

paper tape is then brought out of the eampling head through another air1 

A 93LA photomultiplier tube 6cane the blank filter paper before the aeroeo 

deposit is laid down, and a second photomultiplier tube ecans the etrip after- 

the deposib is laid down. Each photomultiplier circuit ie then permitte 

trace a separate curve on a strip chart recorder. 
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The base curve thus estabUahed effectively divorces all variations in 

filter paper density from actual variation in density of the aerosol deposit. 

The strip chart recorder is calibrated. directly in units of milligrame of 

aerosol deposit per cubic meter of atmosphere sampled. 

record of aerosol concentration in the chamber is thus obtained. 

the filter paper strip containing the depoeit is reeled up and eaved for 

A continuous, permanent 

In addition, 

futm check analyses by chemical methods. 
-- . 

Primary Conaideratione. Only three fnstnuaents were found in the lit- 

erature which make use of a etrip to collect airborne mtter, and whose record 

is continuana. 

tories (1) to study oil burner operation, 

by a moving etrip of filter paper. 

and although "photoelectric facilities" are mentioned, it eeeme that the filter 

!!!he first is a smoke recorder need by the Socony-Vacmrm labora- 

Smadgee of smoke appear to be-flltepd 

!bere are no details of the recordere' design, 

paper tapes are examined vienally. The second instrnment is one developed by 

Willis G. Hazard (2). 

film, which is coated with a sticky substance just prior to the impingement. 

'phe airborne matter is impinged on a moving strip of 

A moving optical wedge supplies compensation for variations in the instnzment. 

The third is a sampling instnunent used by the Brookhaven Bational Laboratories 

(3). In this instrument a filter paper strip 1s exposed to the atmosphere. 'As 

it passes across a sampling head connected to a vacuum pump, atmospheric duet 

18 filtered. out, and deposited on the strip. !be paper strip ie then scanned 

by a G-H tube, and the concentration of any radioactive material appearing on 

it is recorded. 

- 
There are other instruments where light ia beamed directly through the 

atmosphere to be analyzed. The amount of abeorgtion or scattering is then 

measured photoelectrically. none of the instruments mentioned here were 

'F 
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satisfactory for the present application. 

Since some feed mechanisms permit a variable concentration which tande 

to vary about a mean value, too close a scrutiny of variatione is not neceeeary 

so long a6 the total ma88 of material to which the animals are ekposed Is BnQlrn. 

Hence, a sample which is drawn for a period of from one to five minutee, and- 

representing an average of the aero001 concentration during this period, iez* 

felt to be acceptable and 5&8krable. 
<. 

By paesing a filter paper strip acrose 

a sampling port at a constant predetermined speed, we obtain a strip esmple 

each increment of which represents an average sample over a period of the 

which le a function of paper 8peed, port area, and shape of the -port, 

The system must be isolated from atmospheric pressure. 3bcposnre chambere 

are operated at a Blight negative pressure as a safety precaution. 

pressure nmst be maintained up to the sampling port are an even greater drop 

Thie negative 

in preeeure occurs across the f ilter paper dne to the vacuum pump which drawn 

the sample through the filter. The only alternative would be to place the en- 

tire nampling head within the ekpo8ure chamber and operate in mch the same 

way as the Brookhaven instrument. This, however, entails lose in flexibility 

of use of the sampling device, and presents problems in corroaion prevention 

and decontamination. hhrthermore; the filter paper strip mst still be intro- 

duced into the chamber and removed from it after the sample hae been depoeited. 
' 

A photoelectric scanning roethod aneared to be the only practicable 

method of cont inuausly measuring and recording the concentration 'of aeroaol 

appearing on the filter tape. In addition to this, once variation in the 

density of the deposit on the tape has been traneformed into variation of 

electrical current, not only are recording problems simplified, but ultimate 

control of the chamber through servo mechanism8 is within reach. 
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Such a photoelectric circuit was evolved and the details appear else- 

where in this volume. 

designed to operate for six hour periods of time without permitting phototube 

For the present application ths circuit had to be* 

fatigue to destroy the calibration. 

Instrument: The sampling head and amplifiers are illustrated in the 

The filter paper channel intersects the sampling tube at- two photographs. 

a ninety degree angle. 

leakage of room air into the device at a minimum. 

keep the paper firmly pressed agahst one surface of the paper channel and 

prevent leakage of the chamber atmoephere around the edges of the filter-strip. 

It passes acrose two preaeure-Bar airlocks uhich.hold 

Tvo more preseure bar8 

The grid-like suction port is deeigned to support the paper and prevent- it. 

from being tarn. 

square inches. The double fan-ahqed sampling tube ie designed to codnct . -I 

chamber atmosphere to the filter strip with no compression or rarefaction,. A: 

cross section taken at any point along the tube dieplaye E constant cram 

The sampling port is 1/4 Inch wide and ha8 an ar0a of 74 

1- ' 

sectional area of equare inches. In this manner impaction effects are 

held.to a Blinimnm and little of the material is found on the tube wslls, 

The two 93U photomultiplier tubes are covered by light tight cans which lock 

into elate on the sampling head, The two argon light sources are aleo'cover- 

ed by light tight cylinders, Circular windows cut from glass microscope 

cover elips provide a light path from the argon lamps to the photomultiplier 

tubes. 

from leaking into the mechanism through the light channelso 

These are sealed to the sampling head in ordor to prevent room air 

The filter paper strip is pulled acrosa the sampling port at a con- 

stant speed by means of knurled rollere driven by a conetant speed motor. 

This 8ame motor drives the take-up reel upon which the exposed paper is 
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stored. 

ponds to a sampling ti- of approximately 1 1/2 minutes, 

At present, a speed of two inches per minute is used. This corree- 

This speed of travel 

of the filter paper is easily varied in order to best sample more dense or 

lees dense concentrations. 

Filter Paper: Whatman filter paper Bo, 4 is used in this inetlPment. 

It is obtained in rools 1 1/8 inches wide and approximately 600 feet long. 

This is subsequently cut down to a width of 1 inch before use, 

that the width of the paper be constant in order to prevent excessive leakage 

It is essential 

at the entry and exit ports. 

in the laboratory this constancy of width is assured. 

By performing the final paper cutting operatfan 

It was desired that the paper to be wed be as efficient as possible, 

be obtainable in continuous stripe, and have a sufficiently low pressure drop 

across it so that existing pumps and manometers could be used, 

to this the paper had to have a cellulose base as opposed to the series of 

asbestos base papers, so that chemical analyses could be perfornaed when de- 

In addition 

aired., The paper also had to possess sufficient tensile strength. to withstand 

the pulling operation, 

Whatman Bo, 4 filter paper was chosen as the result of a series of teets' 

performed on a variety of papers; this filter paper closely approaches the ideal 

for the present application, 

Since detailed collection efficiency data exists for Whatman no. kl 

filter paper (b), a comparison waa made between the tuo papers. Under identi- 

cal collection conditions, the Bo. 4 paper seemed to display a elightly higher 

collection efficiency. A series of ten aamples were drawn from a chamber con- 

taining a carnotite dust atmosphere, 

'* 

Alternate samples were taken on Bo, kl 

papers, The five Whatman No, 41 papers collected an average of 101.2 milligrams 
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of dust per cubic meter of atmosphere sam-oled. 

collected an average of 103.6 milligrams of aust per cubic meter. It was known 

that under the sampling condition of 14 liters Per minute, the No. 41 paper had 

a collecting efficiency of 96%. Hence the No. 4 pacer displayed an efficiency 

as high as this or higher. 

The five Whatman No. 4 saqles 

It is to be noted that the accuracy of sampling with this filter paper 

in continuous motion should be higher than when drawing a sample through a 

stationary filter, In the stationary filter, as the deFosit builds up, the 

pores of the filter become filled and the volume of air sampled diminishes. 

The sampling rate is a constantly diminishing function of time and met be 

coqensated for by having an operator continuously observe a flow meter and 

continuously open a valve in the vacuum line in such a manner aa to maintain 

a constant flow rate, This must be done throughout the sampling period. In 

addition, 3s the filter accumulates duet, the pressure drop across it rises 

and both the spot velocity or air through the paper and its collection effic- 

iency rise. 

In the continuous sample mthod, equilibrium is set up after the first 

few minutes, and flow rate, pressure drop, and efficiency remain constant. 

There is no need manually to maintain a constant flow rate. 

A three foot length was removed from the end of each of twenty rolls 

of filter paper in order to determine its optical density and the variation 

in density to be expected, A total of 100 densitometer readings were taken 

by means of an Ansco-Sweet densitometer, The average deneity wag found to be 

1.046, and the standard deviation from this mean is 0.014. 

Discussion - and Conclusions: At present the amplified output of the 

photomultiplier tubes can be fed to separate pens on a dual pen strip chart 

.. 
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recorder, 

a single pen recorder by means of a simple electronic switch. 

both of the curves will appear although not simultaneously. 

loas of information by using this second method of recording, 

purpose of the base curve of the blank filter paper was to refer any unusual. 

peak or dip in the milligrams per cubic meter curve to a base line. If the - 

peak or dip could be explained by an unusual density or opacity of the filte 

paper then the unnmal concentration curve would be known to be falee. !!!he 

distance between the two curve8 gives a true measure of the density of the, 

An alternative is to feed the outputs in an alternating manner to 

In thla case, 

There le a cert 

The original 

duet deposit, 

mount of back-checking, It mat be pointed out, however, that in view of 

the rather uniform density of the filter paper a8 noted above, lltble trouble 

is expected from this source, 

This alternate method of recording permite only a limited a=- 

-. 
. '.$% .. . >^ - Servo control of the chamber feed mechanism depends on the mechanism -; 

.?,, 

2. to be used. It could be a simple control of the epeed of the feed motor in 

the case of a Wright feed, In the case of an aerosol produced as liguid 

droplets, control of the amount of air used to move the aerosol from ita pro- 

duction and mhing chamber into the exposure chamber seeme to be indicated. 

*I 

ilr 
.& :_ 

:.: ;: 
In any case, the first ad mador problem of converting the variation in 

concentration of the airborne matter into an electrical change has been accom- 

plished, An electrical current whose magnitude varies as the concentration 

varies is available, 

2 *. 

., 

.... 

_. 
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PHOTOMULT IPLBR 

Introduction: The 

paper strip, sampling and 

CIRCUIT FOR AIRBORii DUST SAMpLuTa IBSTBUKENT 
bY 

George A. Simon 

following circuit was devised for the filter 

recording inetnunent described elsewhere in this 

volume, It consists of two photomltiplier tubes, each of-which feeds into 

a separate amplifier, Beach output io then fed to a pen of a continuous etrip 

chart recorder. 

filter paper before an aerosol deposit is laid down. 

One curve BO traced, represents the optical density of the 

The other curve ia 

traced through the output of the circuit which scam the filter paper after 

the aerosol ie laid down,, The difference between the two curves then 

repreeents densify of the aerosol deposit, divorced from variatione in the 

filter paper itself. 

A fundamental aim was to develop as simple and foolproof a circuit 

Since aa poeeible, 

the device is to be used for six hour peribde of time every work-day for 

approximately five years, a conetdt dependable operation was deeired with ' 

A minim of calibration and adjnetment was deeired, 

a minimum of calibration, 

Photomultiplier - !hibee s 93lA photomnltiplier 

becanse of the extremely high amplification ability 

tubes were s6lected 

they poasese, By 

neing these tubes all subsequent amplifier circuitry is held to a minim, 

Fatigue is the mor problem introduced when using such tubes, During 

operation,, if too great a current is drawn through the tubes, the photo- 

sensitive surfaces become desensitized, and calibration is destroyed. The 

possibility of fatigue becomes particularly important in the present appli- 

cation, because of the comparatively long, six hour, periods of operation. 
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'phis yroblem was solved simply by decreasing the intensity of the light 

input and the voltage on the dyhodea, to the point where the current through 

the photomultiplier tubes was held to one microampere or less;* under these 

conditions, an eight h&r period of operation displays no tube fatigue, It 

ahauld be pointed out here, that thio solution of the problem brings into 

prominence yet another factor, namely variations .in the photomultiplier 

output due to dark current. In 

important, since the inertia of 

variatione. 

Light Sourcen 'Phe light 

the present application, this problem ie not 

the recording pen acts as a damper for these 

sources used are General Electric AB-3 argon 

lamps. 

4000 angstrom units. 

!Chew possess a strong emiesion band centered about a wavelength of 

The 93l.A photomultiplier tubes likewise possess peak 

sensitivity at a wavelength of 4000 angstrom units. Hence, the lamp and 

tube are well matched for optinmm performance. In addition, the argon 

lamps when operated on alternating current, become completely dark EO time 

each second and thus present a modulated light source, This is hot true 

for filament lamps. The advantage, presented here is that amplifier circuits 

following the phototubes need not be of the costly,bore troublesome, and 

less flexible direct current type. 

The argon lamps have a very low heat output, On a 100 hour test, the 

temperature of the close fitting metal shield around the lsmp never rose moie 

than three degrees above room temperature. This is most important, since the 

photomultiplier tubes are sensitive to temperature change. 

lamp were used,' ventilation and cooling would become problems. 

regulation transformer was found to provide sufficient regulation. 

If a filament type 

A voltage 

* The'voltage per stage is approximately 70 volts, 
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&e luminous output of the lamps does not change appreciably over a 

six hour period of operation. 

Amplifying Circuit - and Recorder: This circuit is a simple application 

of the 6m5. 

milliampere plate current. The low grid current insures low drain on the- 

multiplier tube, and the plate current permite a recording instrument with 

a one milliampere movement to be placed in series in the plate circuit. 

This tube was chosen because of low grid current and a one 
I 

At present the tube ie coupled directly to the photomultiplier .aa a 

 he recorder movement is dficiently ineensitive 2 simple D.C. Glifier. 

to the periodic variatione in plate current flow, induced by the modulated 

light source, aa to trace a emooth curve. 

An Eeterline &gas, model A.W: recordgr la used. 

- Power Suppliea - and Regulation: Regalation of voltagee le important 

and can be carried to great lengths. 

to keep such regulation ae eimple ae poesible within the re@'remente of 

the circuit. The use of a voltage regulator transformr and the VR tubee ~ 

88 shown, was found to bemadequate. 

It was thcmght desireable, however, 

!l!he high and low voltage power Bnppliee are conventional. 
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SZIUCATIONAL ElRoGilAT-I 

by . 
3. rJ. Stamard 

During the summer months the A.E.C. Radiological Physics Fellows completed 

a ten week practical course with the Health Physics Division at the Erookhaven 

National Laboratory. 

research.on their thesis problems. 

Our other graduate students spent this period in continuing 

On September 20 a new group of twenty A.E.C. Fellow8 in Radiological Physics 

registered, three A,E.C, Fellows in Industrial Medicine began their work and sev- 

eral new part-time research associates began work in various divisions of the 

Project. 

chemistry, Pharmacology or Physiology during the academic year. 

These latter are registered as graduate students in Biophysics, Bio- 

The total number 

of graduate students registered in the Department or carrying out their resesrch 

under its auspices now numbers 81. 

A final report summarizing our graduate training activities during the 

academic year 1950-51 is being prepared (~~-188)~ 

, 
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