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Memorandum %ot Dr. Dowdy
Trom: H, E. Stokxinger

Organ Weights of Laboratory Animals

The actompanying Sables are in response to a request frem
Q\ L¥. Howland snd include all the data we have available on

lsboratory animals. It is to be noted that all these
aninals have undergona sxposures to T-dusts ad approximately

~ 20 ngflj, most of them for a pericd up %o 30 days. Accordingly,
thewelghts of $hs organs, exprsssed as percent of %he body

. welght, will tend %o be sllghtly greater than thoss of noraal

animals owing %o the tendency for carcass weight, but net organ
welght, losses %o ocecur as a reeult of exposure.

%@ the orzan veighis in their relation %o ledy welghis of

Iaclunded also 1s a summarizing $s=bls of all this dats exprsssing
the mean percentage of the body weighis of the orgsans.

O
. - S1gned MS
H, 5. Stekinger

SPECIAL REREVIEW

FINAL DETERM
IN/ _
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Woight of Orgens and thelr Percentage of Body Velght of Anlnals
Exposed to 1‘021'2 for 30 DPays
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Table ¥ - continued

EABBI1®S —
(18%0 {1870 (1890 {2070
Organ . . W, W, @
Iang 19.0 - 1.03 |21.5 1.1%5 {3k, 0 1.80 {15.2 0.73
Lidney 12.0 0.65 |1%.8 1.00 |26.5 1.W0 {15.7 0.8
Liver 76.0 1,13 178.% N.17 [Sh.0 KM% |6L.9 3.1k
Intestine 3.7 0.128
Stomach 11.9 0'3 16.9 0.82
Spleem 0.7 0. 0.7 0.03
Braia 6.9 0.57 7.2 0.7%
Tongue 3.5 0.16
Trachea 2.9 0.15 2.8 0.13
Thyroid 0.8 £.02
Heart 8.6 0.46 7.0 0.7%
Pancreas 1.5 0.08 3.5 0.17
Adroensls 0.2 0.01 0.2 0.09
Zyen 5.8 0,31
HABSB123 [
{2210 (2300 g} (2320 i
Orzan W, wt. i i wt.q:: Mean
lang n,% 1.8 {286 1.07 128.6 1.23] 1.27
Kidney 16,5 0.7% |17.5 0.76 {16.9 0.%¢} 0.37
Idver 76.6 3. 90.0 3.92 | 37.8 3.78} 3.36
Inmtinﬂ 10 o9 0 [ 00- Bh
Stomach 2.8 0.99 0.8
Spleen 0.7 9.03 1.0 0.%3] 0.13
Brain 8.0 0.35 | 8.7 0.38| 4.5 0.39| 0.37
Tongue 2.7 0.12 0.1%

- | Trachen 2.1 0,09 0.09
Thyroid 0.6 0.02| 0.02
Feart 12.6 0.5 0.4
Pancreas | 0.6 0.03 0.09
Adrenals | 0.3 0.02 0.0%
Xyes 5.0 0.2 0.27




B ok g s

Pable ¥ - contimed

W

CATS
1985 2325

Organ at. Heoan
Lang 0.92 |24.0 1.03 | 0.98

Xidney 1.24 1.2%

Liver & h.15 h.15

Stomach 0.39 0.39

Splaen . 0.18 0.1%

Brain- 5.6 1.2%8 1.28 )
Trachea [ 2.5 0.13 1} 1.3 0.0% | 0.09
Thyrold | 1.2 0.06 0.06
Haars 8.7 0.0 |- 0.3%

Pancreas| 6.6 0.33| 5.2 0.22 | 0.28

Adrenals! 0.6 0.03 ] 0.8 0.03 | 0.03

Tyen 3.3 0.21] 9.8 0.k | 0.32

Corad 1.6 0.08} 9.8 o.42 | 0.25

DOGS
(=m0 2y (7210 =)
Orzan Je. 2 W%, 3 deani

Lang 107.0 1.97 0.78 11.38
Eldney 30.3 0.56 0.51 10.5%
Liver 215.0 4.00 ' 3.20 |3.90
Spleen 1.3 o.2 0.1% {0.19
Brain- 67.0 1.2% 0.88 {1.06
Thyrol 0.5 0.01 2.01 10.0)
Jeazs 63.0 1.17 0.33% 1 1.00)
Pancreas 1k,0 0.26 0.21 |0.24
Adrenals 1.8 0.03 0.02 |0.03
l’u : k.1 0.08 0.08
Sonad - :

Subrazillary Gland| 5.5 0.10 0.12 | 0,14
Prostrate 0.08 | 0.05
e

* Origiral ¥elght - 6200 g.
"+ Original Welght - 8750 &.

e
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Subjec-fi ¥aximm Allowable Concentration of Insoluble '1'
: 7. Compounds in Factory Alr, X %

(Attm Lts Cs E. Coring}

1, This office 18 in receipt ol & specisl report SRS 5 H
zmaximum allowable comoentrstion of certain T compounds iIn
feotory alr, submitted by Dr. Carl Voegtlin and Ir, Harold . L
Bodge on 21 February 1945, This report recommends that thae: oo
meminum allowable concantration for chronle sxposuwrs to high- -
grade oreo, and TP4 bs ralsed from 150 micrograms

per cuble m%er to EOO micrograma per cuble mater.

5. This recaz-endstlion 1a based on the vesults of exp"-'
sure of animels to these substances, and carciul observation

of a large group of persona working in industry with these
materials during the past two yearn.

nllomble concsntration for exposure to high-grade ore, 7. 08,

T0o, and TPy, should be Incressed Lo 500 miecrograms per cubic
meter, In view of the extrems difficulty in maintaining con- :
centrations of 150 microgrezs per cnblic meter fn industry, (¢t
iz foll that sueck a change rill bes of deﬁ.nita henafit in ex. . .

“3s. Therefore, in the opinion of this office, the meximm q

. It ia recoomendsed that thias changs in the waximum
nllovable concentration be tranamitted to the contrsctors undar TOE
your aupervision. o o . -

1—‘% -
s, It is requostod that this office bs notified hy 1n
dorumnt of tha aotion taken upon this recomandation., =

SPECIAL REREVIEWS * R
_ ?or “tha District ﬁ‘ngineeri | FINAL DETERMLNA]]&

Distribution' o " }F h

SO & CC#H2 = Addresses i B f

coffS & #4 - Classifled Flled (d/

a;-&

cc#S - Medical Section /D - STQPP%&FS- Jm .

Zni8lso go to following: ‘ Colonelnvﬁ-co -“ e
Madlson Squre Area—F 037 : Chj.er{uedigal Sadfinn

: St. Louls Afeaw. 23026 . SR “*‘:‘1‘%’ e
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No. 2 =i {9 cooicd, Serics A
LE - 4

P, 0. Box 42, Statien P

Hew Yorkx 19, New York

April 28, 1845 oot
36042

i

S?%C‘ALH{% i M"LO_
meap DETERN S5t

'Ihl Biltriot Engineer l‘ﬁ‘*’u’ CL _;E,S:xbfl;p
U. 3. Bngineer Offlioe ;
Manhatan Distriot i
P. O, Dox B By ot i

Oak Hidge, Tsnnessese oe sty
Attention: Lt. Col. H, L. Friedell M 8‘ l go
Dear Colonel ¥riedell:s

During a recent conversatlon, you irndiceted that you wished
to have a statement of the stepas by which we arrived at the oplnion
that 500 miorogrens of ¥ metal pesr cuble meter of factory air should
be the maximum allowahle concentratlon for Tx0g, TOp, TF4 and high
crade ore, We will attempt to present these stieps in mors or lesa
orderly fashion,

1, The Zeftinition of Acute T Poimonming. .- We have now
acomulated sulficient evidence to praaent a ploture of
soute T poleoning. Using scluble and toxic 7 comvounds
adninistered In a variaty of wnys the mame patiarn of
toxio responses has inevitably emsrged. The outstanding
feature is the ohareaoteriatioc cyole of patholagical
changes in the kidney. These charscteristic changes
taken &8 & group provide ua with a uaseful index by
which we oan measure the degrse of toxicity of a given - .
T compowmd.

2., Classifioation of T Compounds on the Basile of

Toxloity. - Jaing a varisty ol techuiques, we aave «x: SN

ed a number of T ocompounds. For example, they

have been feod to dogs and to rats; they have been
applied to the skin and to the eyws of rabbits; they
have been inhaled by dogs, oats, rabblis, zuinea pigs,
rats and mice. Using s number of oriteria (mortality,
weight lose, histopathnlogical chanpges, chemical changss)
wo have reveatsdly been able to arrange the T coapounda
in groups based on their relative abilitles to produce
acute T poisoning. These groups may be briefly indicated
as follows:

Highly toxiot= TOsP2, T nitrate and

TC14

Yoderatsly toxie:~ 103

Slightly toxlssr~ T30g, 02, TFP4 and ore.
It should be smphasigzed that in certain tests, particulerly
the feeding and skin testa, the toxicity difference betwesn ..
the highly and slizhtly toxlo gzroupa ia very lerge (lltl-l;iﬂ.'.”ryﬂ
to 1)s Thus, {rom reoding studies we hawe gained the

Tiis dactmaent consisia ofj_ Podes

0l ali

b e

e e mer———ts i



Tor

Lt., Col. H. L. Friedell aril 235, 13245

impression that T30, 103, and TF4 are praoctioally
innocuous, wheresas & few millizrams of TCpF2 ingeated
d&il)f nay b. fﬂm.

3. Iahalation of High Dust Comcentrationa. -
Rebbits, guinea pizs, rats and mice have haen exposed to
atzosvasres containing about twently mg./hﬁof Ta0g, I0z, TFg
and ore. This concentration of dust represents a high
lavel - 30 times the recommended maximum allowable concen-
tration. Deatha ocoourred frem each exposurs so that at
first glance thie level may seem to be dangerous, however
a oloser sxmination of the deta will serve to extenuate
this coneluaion.

Data on guinea »iga:

“Ta0g - 1/12
0, - 1/20
TPy =~ 018
Ore - 2/20

Four of seveniy gulnea plzs expossd to the four compounds
diﬂdo

Tata on rats

Taﬁa - 0712
™ -~ 0/15
TPy - 217
Ore ~ 1/20

Three of alxty-four rats exposad to the four coapounds
disd.
Data on mices

T Ba -~ 0712

'rgg - 5/40

™ws -~ 0/20

: ore - 2/40 :

Ssven mice died of 112 mice expossd to the four compoumds.

Grouping all of the guinea nigs, rats and mioe together
we find that 14 animals died of 24€ exposed to the four
compounds. This comstitutes a mortality of about 6%.
The interpretation of small mortality parcentazes isa
potoriously diffisult. 1In fact, it is alzost iapossible
to attach a mesaningful degree of significanece to the
figurs of 6% in this instence. It would reguire tests
involving mmdreds of animalx of each specles to be sure
that the deaths reoccrdsd wers dus to T polsoning.

Data on rabbltss

8 -~ O
02 -~ 8/1C .l
™y -~ 0/3 i ;
ors - l/iC
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Tor Lt. Col. H. L. Friedell 26 April 1543

One rabdbit died of the 22 exposed to the thres compounds
Ta0g, TP4 mnd ore; this 6% mortallty im subject to the
sans degree of woertainty referred to above. 7TO0z how-
ever, cannct be placed in the same category: six of tem
rabblta sxposed to TO0z died. 710z appears to have a
speoisl lmg toxloity for rabbits. The histopathologlocal
observations confirm this assumption; eonsideradbls lumg

- decaage was observed in thess rabbits, The mortslity data
from the inhalation experiments pose a question as to

the “practically irmmocuous” nature of these four ocompounds,
however, thess data can not be taken ax olear ocut ewidence
©f a marksd degrees of toxiolty upon inhalatiom.

4. Histopathological Findings. -~ Although the
nortality observed in the several sxperiments asy be
conaidered to be of no great significance, the histo-~
patholegiocal studies should not be slighted. Kidney
injuries of variable degree of severity were observed
in somé animals as a reesult of sxposure to each of the
four ¢ompounds. The pathelozical ploture was not olear
ocut, howsver, a summary may be presented as follews:

Fldney Patholoyy

Compomnd Do rs Rabhie Cats 0O.Pigs Rate Hice

T30s » * * W14 & In- Sone  Nome
frequent

T0p » uild to s » ¥one .

woderately

savare,
7, None Scatieresd lione Soattered Boatter- »

oiid mild ad mild
Ore * Hoderats * id Incon- *

- to modere stant
ately mild to
- SevYers, . moderate.  &:- s
Ffr[,‘: L T L

* - o Datx ' : t;l UAe. 727 = aef h

These ocompowunds Iailed to produce severs Xidney injury ...
regularly; neverthsless some injury was obeerved from
each sompound. It must be remmbered that thess injuries
were produced by relatively high levsle of T dust oon-~
contration, ¥We do not have uny information about sxposures
of the order of G.5 mz/a3, It is impossible to say that
such a level would produce no injuries. 205F]
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5. Tentative Nature of Resommended Naximum
Allowadble Concentration. = Ubviously more data
ares needed on the inhalation toxlcity of thees
four compounds) sapecially are data needed on
animals exposed tc dust concentrations nearer
+tha® of the meximum sllowable concentrations -
0,5 mg. /2%, Te expect to conduct such studise
within 2 yesar, but our atiention has been direct-~
»d so far to the compounds with higher prioritiss.

€, Bo Fuman Acute Y Polsoning. - Hereaay may
have no place in a sclentirio disoussion, but we
have based our recommendations of a maximims allow-
able poncentratica in mo small part usen the word
of mouth reports that wnder the conditions of
industrial practisce ne cases of human T polson-
ing have been disocovered,

7. T3 the !iaximm Allowabls Concentration
Iniuricus? - From the oloas relatienship which
we aaTe obmerved hetween oxposure of animals
to T oompounds aid injury eaveclally to the
iddney, we fsel that it i3 antirely nossidle that
s8lirznt Injury may scour i1a laduiirial worgers exe
posed to T dusts., We wiszh to point out the dif-
forsnce batwaen "a safe lsvel™ =and the “marimim

allowabla gnrnesntrazion®. Ths axfe level iz a

physiological entity, an exposure involving no ;o ETSR:

injury, The maximua allowable conocentration is an
enginesring bench mark. In industrial praotios it

nay beccme necessary to strike a compromise betwsen R
the air oconcentration whioch can bs maintained during

naximea production and the chance of injury to plant
parsonnel,

The dusi concentration may be so great durlag maximwm
production that it is prohlbitively dangzarous; the dust
concentration of o safe levsl may be 20 low az to maks
volume production almnst Ilmposeible. TUnder such ciroume
stsnoes it would bs reasonabls to aest a maximum alloweble
concentration at such a level thati production may proceed;
1f at this level the chance of injury ia amall,

8. Chojoe of Hexiwmum Allowable @8#oentration. - It
is our wnderstanding that the neximum allowabla oconcentration
should be sat as high as we can Jusrtify. We are aware that the
setting of this maximum allowabls concentration does not
do awsy with the madical survelllarce, use of reapirators,
personal hyziens and other heslih ocontrel measures, Con-
ssquently, evidence of any 11l offeocts of a hizhaer level

will be promptly discoversd and the permisaable dust iy E
concentration rupon.id'rgd, Y

=l e, T e S

e e
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»

9. War keasure, - Une of the reascus why we
have recoxsesnded o900 microzraas psr cublc meter as
+he maximou allowable concentration i1s that we viaw
this as an smergency war measurs to expedite In-
dustrisl productlon.

It would be hard to give an estimate as io how much
weight we placed on each of these itsms. All taken together, they
zave us a sufficlent baais for our descislon. We hope that thia
recapitulation hes giver you the information that jou dasired,

Consul tant,

TTHAACID €. s0CH,

Chief Toxioolozist,

T CARL VOBSTLIH,
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Subiects Toxicity of (=615, C=-212 and C-215

MIMORANDUM o Files,

1. Cwbi01~ All raboiis and mice died in cne Uaa]..'
tine when exposed to 3,000 microgruns per cublo mobar, ‘he
raperinemits uBing 003G miorograms per cunic moter ia con=

wermiated and preliminary results will be ready in thrae
weeks. Dr. Srozinger is convinced that altnough uniukls
prouably will not die, they will s ow delinite toxicity with
1ol parta ser nililon,

2. C-212%~ 1 p.pems killud alli anicalas {rais and
-—r‘c'e) 1/10 DaDeft, cansend no Juaths o rats, uines i,
L1720 A TabolTH )l

3., C-218t« 25 p.p.n. killed 311 anizals i rive
to aix days. 3 pupeme xdiied 125 o0 vhe aniasis bub
only head exposurs wus used in tnis experinont, and this
technique could account or dewtha. 3 pepen. caused no
deatha but in r. Stokinger's opinion, could posaibly
bs toxlc.

B, J. MEARS,
C ain, edival Corpse.

Cor Hajor J. L. Ferry

SPECIAL REREVIEW ST T
FINAL DETERMINATION | JCIEER Y

b
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Dear Captain Ferry:

The work of the dental research group bas resulted in

several interesting and isportant fiadings. Among these shounld be
listed:

1. Industrial personnel exposed chronically to relatively
large concentrations of HF in the alr have an astonishing freedom from
carios.

2. The teeth of our experimeantal animals, notably the con-
tinuously erupting incisors (for example, of the rat) show notadly large
depoaits of T and may turn out to bPe one of our best indices of ihe
relation of T £9 mineral natabolism., Thua, by studying the teath ws zay
find an exaggerated picture of what bapvens when T 1s deposited in bones.

I am sending along herewlth guite a little volume of reports
which have been submitted by Li, Dale and, in aome casss, by Dr. MecCaunley
as a Tesult of their various studles in refersace to teeth. I wish to
obtaln from Colonel Warren authorization for whichaver features of the
study he thinks it well to contlnue. May I call your attention especially
to the liat of recommendations which inelude the followlng:

Ce (1) A survey of the occurrence of lactobacilll. At the T
present time this seems to me academjcally interesting tut not required.

. {(2) Urinalysis for fluorides. These arrangsments have
been made snd this work will be done. -

C. (3) Photogravhs of the lesions. Since this peculiar

condition has not been previously described I belleve that such photegraphs — e e
would be useful and serve as a basis for observing effects which may '“L;_M
develop in the teeth of ,é;eruons exposed to other fluorides, for example, et
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Captata J. L. Ferry 2

C. {4) Asmlysis of the "gunk" on the teeth of fluorid2 workers, . _
This would be in my opinion and that of Dr. Voegtlin'e a useful study, It - = 7~
would involve scraping off some of the deposits, analyzing them for fluoride st
and in the case of PG workers for fluoride znd T. o '

C. (5) Gross and Microscopic Studies of extracted testh from fj:ifhe:
PG workers. This should be carried far enough to find wnether there are =~ 7%y -
any evidences of abnormalities.

C. {6) The study of the effects of HP on teeth, This is a Wez
rather simple short-term experiment and might well yleld interesting remults.

I. (1) The analyses of ocur experimental animals for the T REE
content of testh and alveolar bone is being dome. I think this work should '
be continued on a limited basls,

I. {2) Examinatlon of workmen exposed to T should be a regular *' - -
part of the health program wherever possible.

I. (3) Extracted teeth from T workers should ba studled wherswsr fiﬁ--
possible. )

I. (4) When theses workers also are exposed to F 1t would be 2
desirable to obtain F analyses on extracted teeth.

I enclose coples of eleven renmorts as followa:

A. YPreliminary Report of Oral Examinations of Twenty Government Employed
Chemigta¥. July 26-28, 13u3.

B, B84 Study of Oral Conditions in Laboratory Fluoride Vorkers' {at a University
Site). August 30-31 and September 1-4, 1943. Prelimlnary Report.

C. "A Study of Dental Conditions in Workers EZxposed to Iilula and Andydrous
Hydrofluoric Acid in Production™. Preliminary Beport. October 13-15, 1943,

D. %A Study of Dental Conditlons in Workers Exposed to Dllute and Anhydrous
Hydrofluoric Acld in Production®. BRadiographic Findings. December 31, 19u3,

B, "A Study of Oral Conditions in Laboratory Fluoride Workers * (at a

University Site). PFindings from Oral Examlnations. July 26-28, August 30-31
and September l-4, 1943, _
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¥A Study of Dental Conditions in Workers Exposed to Dilute and
Anhydrous Hydrofluoric Acid in Production.® January 6, 194%.

#y Study of Oral Conditions in Laboratory Pluoride Workers."

Second Serles of Examinationa. January 24-25, February 28-29 and
March 1-3, 1944,

84 Study of Dental Conditions in Workers Exposed to Dilute and Adydrous
Hydrofluoric Acid in Productlsn. Statistical Report. 1 April 1544,

"Proposed determinations of T in extracted teeth and alveolar boae of
T-employees as a possible index of bodily storage®. Jume 29, 1344,

"Preliminary Dental Report on the Distribution of T and F in the Teeth
of Animals Exposed to T-cozpounds.® June 27, 19u4l,

WDanial Histology Heport of Animals Subjected to TFy and (=212 by
Iphalation®.  May 25, 134k,

- R

L s |
Yours very truly, e
/*ﬁa,a¢24k;4%,, ekt
- Harold C. Ecdge
;f { ™ Chief Pharmacologiat
A



