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Memorandum $o0: Dr. Dowdy

Trom: H., B. Stokinger

Re? Organ Weights of Laboratory Animals

NOWD3TI00

AHOLISOd3Y

The accompanying $adles are in response to a requsst from
L3, Howland and include all the data we have available on
the organ veights in their relation %o Nody weights of
% lsdoradory animals. It is to be noted that all these

animals have undergona sxposures %o T-dusts ad approximately
20 ng/n>, most of them for a period up %o 30 days. Accordingly,
the welghts of Shs organs, exprsssed as percent of the bdody

" welght, will tend to be slightly greater than those of normal

onimals owing %o the tendency for carcass weight, but nod orgsn
welght, losses $o oecur as a reeult of exposure.

AN

=575 7

S Taclnded also ls a summarizinz 3abls of all this data exprossing
the mean percentage of the body welghts of the organs.

v O
. ' Signed Mg
H., 5. Stokinger
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Weizht of Organs and thelr Percentage of Body Velght of Animals
Exposed to !0222 for 30 Days
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Padle ¥ - continued

RABBIZ®S

(18ho (1870 ) (18%0 (2070 5‘1 ,
Organ W, e, é Wt . %
Lang 19.0 - 1.03 {21.5 1.15 {340 1.8 j15.2 0.73
Kidney 12.0 0.65 {18.8 1.00 i26.5 1.40 |15.7 0.8
Liver 76.0 1,13 }78.% N.17 |8B.0 NB.B5 |6L.9 3.1k
Intestine 3.7 0.13
Stomach 11.9 o.gg 16.9 0.82
Splea O.T Q. 007 0-03
Brain 6.9 0.57 7.2 0.3%
Pongus 3.5 0.16
Trachea 2.9 0.1} 2.8 90.13
Thyroid 0.% 0.02
Heart 8.6 0.4 7.0 0.3%
Pancreas 1.5 0.08 3.5 0.17
Adranals 0.2 0.01 0.2 0.09
Zyes 5.8 0,31
RABSBI1ZS
(aaloi) (2300 g) (220

Orzan Yt. ; Mean
lang h,5 1.86 |24.6 1.07 [28.6 1.23| 1.27
Kidney 16.5 0.75 |17.5 0.76 {16.0 0.%¢| 0.87
Liver 76.6 3.46 |90.0 3.92 |37.8 3.78| 3.86
Intestine| 10.9 0.49 0.3%
Stomach | 21.8 0.99 0.8
Spleen 0.7 0.03 1.0 0.%3] 0.13
Brain 8.0 0.361 8.7 0.38| 4.5 0.39| 0.37
Tongue 2.7 0.12 0.1%

. | Traches 2.1 0.09 0.09
Thyroid 0.6 0.02] 0.02
Heart 12,6 0.5 0.h%
Pancreas 0.6 0.03 0.09
Adrenals | 0.3 0.02 0.0%
Zyes 5.0 0.22 0.27

gy
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Pable ¥ - contlmed

WER

Gaiz

CATS
198% 2325

Organ . at. Hear
Lung 18.3 0.92 |24.0 1.03 | 0.98
Xidney | 28.7 1l.24 1.2h4

Liver t | 2.1 1.15 k.15

Stomach | 7.8 0.39 0.39

Spleen 3.7 0.18 0.18
Brain- 5.6 1.2% » 1.28
Trachea | 2.5 0.13} 1.3 0.0% | 0.09 G
Thyrold | 1.2 0.06 0.06
Heart 8.7 0.3 | 0.8h

Panersas| 6.6 0.33| 5.2 0.22 | 0.28
Adrenals; 0.6 0.03 | 0.8 0.03 | 0.03
Syes 3,3 0.21] 9.8 0.k | 0.32

Conad 1.6 0.0%8} 9.8 0.2 | 0.25

‘ D0OGS
i (5u00 %) (7210 %)
Orgn ME o . Hdean

Iang 107.0 1.97 1,38
Kldney 30.3 0.5 0.5%
Liver 215.0 4.00 | 3.90
Splesen 1.3 o.2d 0.19
Brain- 67.0 1.2% 1.06
Thyroil 0.5 o.M 0.01
Heart Sg.o 1.17 1.00|
Pancreas 1.0 0.26 0.24
Adrenals 1.8 0.03 0.03
Ryes - 4.1 0.08 0.08
Gonad . :

Submaxillary Gland] 5.5 0.10 014
Ll:z:otnto : 0.05

% Origizel Velght - 63200 g.
** Original Weight - 750 g.
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 _pediting the war effort. - dgdbs VR

cpys of
same

- Tos : . The. Area Engineer, Rochester Area, Rochester.7,. Iow York?

é Madison Squre Areg— 037 . COlODGl, ¥.Co .
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RII%4-2a |
A P. 0, Box B .
Mp-700 2~ o 4 June 1945 ,

>' - JLF/ah

SubJBC'f‘t ¥aexirmm Allowable COncentration of Insoluble T o
3 " Compounds in Factory Alr, Sy

(Attnt Lt. Cs E. Coring)

1. This office is in receipt ol a snecial report on B g
maximum allowabls concentrstlon of certain T compounds in
factory alr, submitted by Ir. Carl Voegtlin and I, Harold . L
Hodge on 21 FPebruary 1845, This report recommends that the:; R
meximum allowable concentration for chronie exposure to high-
grade ors, 03, T0o, &nd TP4 be ralsed from 150 micrograms
per cublce m%er to 500 microgramas per cublc meter.

2. Tis recom=andatlior 1a based an ths results of exp
sure of animels to these substances, and carsiul observatioa

of a large group of persons working in industry with these
materisls during the past two yearn,

allowadble concentration for exposure to high-grade ore, T =08,
TOo2, and TFy, should be Ilncreased to 500 micrograms per eubic
meter, In view of the extreme difficulty in maintaining con-
centrations of 150 microgrems per cublc meter in industry, (t
iz felt that such & change will be of deﬁ.nitc benoi‘it in ex-

-3+, Therefore, in the opinion of this office, tha Gexixum !1

RS

. It 1a recomnended that this change in the maximum e
lllovable concentration be tranamitted to the contractora under 7
your aupervinion. L ] & Oy

5. It is requested that this office be notified. by in
doraement of the act‘.ion taken upon this racomndation. : S

. SPECIALRE VIE
Por tha District Y~‘ng.izxeert FINAL DETERMINATI

Disﬁibution' . %}F
(274 {

SO & CC#2 =~ Addressee
L.»Mﬁl&wﬂ .

ce#S & #4 =~ Classified File i
cc#S - Medical Section W/D . STAPFORD
zuoalso go to following' '

Chief, Hedical Ssdtion

» 3t¢ Louis eab 2303 é ‘ " ’; , v; ; V'—“ibe . Q. Nd”’;'*
"  Tonawanda Area-—a 3037
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No. g »of [, cooies, Serizs p

P, 0. Box 42, Statien ¥
Bew Yorx 19, Hew York

April 28, 1945 .
3042

N N
yiEV
YN <peCIAL RERE A TioN
The Distriot Engineer ﬂN"l{)‘;\?CL Ass_k,:lf—g_?
U. S. Bngineer Offlioce ' ;
Manhattan Disiriot TR
P. O, Box B BY: . ._:_‘_"1,;::';;‘:?’9‘
Oak Ridge, Tennessaes I e

Attentions Lt. Col. H. L. Friedell M o 1 30
Dear Colonel Friedell:s

During a recent conversation, you indiosted that you wished
to have a statement of the steps by which we arrived at ths opinion
that 500 micrograns of ¥ metal per oublc meter of factory air should
be the maximum allowable concentration for T10g, TO0p, TF4 and high
crade ore, We will attempt to present these steps in mors or less
orderly fashion.

1. The Jelinition of Acute T Poisoning. .- Vie have now
acoumulated surficient evidence to present a pioture of
aocute T nolsoning. Using soluble and toxio T compounds
adninistered in a variaty of ways the same paittern of
toxio respouses has inevitably emsrged. The outatanding
feature is the oharaoteristic cycle of pathological
changes in the kidney. These characteristic changes
taken as & group provide us with a useful index by
which we can measure the degree of toxicity of a given
T compound.

2. Classification of T Compounds on the Basleg of .
Toxioity. - Jsing a varisty of techniques, we nave L
studled a number of T compounds. For exanmple, they
have been fed to dogs and to rats; they have been
applied to the skin and to the eyes of rabbits; they
have been inhaled by dogs, cats, rabbits, zuinea plgzs,
rats and mice. Using a number of oriteria (mortality,
weight loss, histopathologioal changes, chemical changes)
we have repeatedly been able to arrange the T compounds
in groups based on their relative abilities to produce

acute T poisoning. These groups may be briefly indioated
as followas

19
"
1

Highly toxioi- TOsP2, T nitrate and
TCly

Yoderately toxici~- T0s

Sfigtlz toxict~ Tx0g, T02, TF4 and ore.
It should be emphasized that in certain tests, particularly
the feeding and skin tests, the toxiocity difference between, ..

| thel})xighly and slizhtly toxic gzroups ia very large (10-10'043'ﬂ

to . OB

TLs coonuent consisia of\( podes

'

N ondiasses

R

“'Qol.qQll
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Toer Lt. Col., H. L. Priedell oril 28, 1945

impression that T30, 102, and TF4 are practioally
innocuous, whereas a few millizrams of TOsFP2 ingeated
daily may be fatal,

3. Iahalatlon of High Dust Concentrations. -
Rabbits, guinea pigzs, rats and mice have been exposed to
atzospasres containing about twenty mg./mSof T30g, 102, TP4
and ore, This concentration of dust represents a high . »
lavel - 30 times the recommended maximum allowable concen-
tration. Deaths ocoourred from each exposure so that at
first glance this level may seem to be dangerous, however
a oloser exmmination of the data will serve to extenuate
this conelusion.

Data on guinea »iga:

“T30g - 1/12
0, - 1/20
TPy = 0/18

ore - 2/20
Four of seventy gulnea pizs exposed to the four compounds

diled,
Data on ratss
Tz08 = 0/12
702 - 0/15
TRy - 2/17

ore - 1/20
Three of sixty-four rats expossd to the four coapounds
died.
Data on mices
Ts08 - 0/12
™2 - 35/40
s - 0/20
: ore = 2/40 .
Saven mice dled of 112 mice exposed to the four compounds.

Grouping all of the guinea nigs, rats and alce together
we {ind that 14 animals dled of 248 exposed to the Iour
compounds., This constitutes a mortality of about 6%.
The interpretation of small mortsliiy percentages is
notoriously diffisult. In fact, it 1s alzost impossible
teo attach a meaningful degree of significanes to the
Tizure of 6% in this instance. It would reguire tests
involving hundreds of animala of each species to be sure
that the deaths reccrded wers dus to T polsoning.

Data on rabbitss

R U Y.
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Lt. Col. H. L. Friedell

26 April 1343

One radbit died of the 22 exposed to the thres compounds
T10g, TP4 and ore; this 5X mortality is subject to the
sane degree of wncertainty referred to above. T0a how-
ever, cannot be placed in the same category: six of tem
rabbita exposed to T02 died. T02 appears to have a
special lmng toxloity for rabbits. The histopatholegical
observations confirm this assumption; ¢onsideradbls lumg

" damage was observed in thess rabbits., The mortality data

from the inhalation experiments pose a gquesticn as to

the “practically irmocuous” nature of these four compounds,
however, thess data can not be taken as clear ocut exidence
of a marksd degree of toxiocity upon inhalation.

4. Histopathological Findings. -~ Although the
rortality observed in the several sxperiments asy be
considered to be of no great significance, the histo-
pathologiocal studies should not be slighted. Kidney
injuries of variable degree of severity were observed
in soms animals as a result of exposure to each of the
four eompounds. The pathologlical pioture was not clear
cut, howsver, a summary may be presented as follows:

¥idney Patholoxy

Compound Dors Rabbit Cats O.Pigs Rats Mioce

Pusind el
T50g * » *  Mld & In- Sone  None
frequant
0, » 112 to » e None -
moderately
sovere,
b4 7Y N¥one Scattered lione Soatteresd Boatter- »
nild mild ed mild
Ore * Hoderats » * Incon- *
- o moder~ stant
stely mild o
- severs. moderate, S::i-
* - No Data : LT

These compounds falled to produce severe kidney injury D;-—:;"'

regularly) nevertheless some 1njury was observed from
each sompound. It must be remmbered that these injuries
wers produced by relatively high levels of T dust con-
contration. We do not have any information adout sxposures
of the order of 0.5 mg/z3. It is impossible to say that
such a level would produce no injuries. 205F)
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Col. H. L. Friadell 29 April 1545

5, Tentative Nature of Recoumendsd Maximum
Allowable Concentration. = Obviously more data

nre needed on the inhalation toxloity of these
four compounds; especially are data needed on
eanimals exposed to dust concentrations nearer
+hat of the meximum ellowsbls concentrations -

-0,5 mg./aS, Ve expect to conduct such studies

within a ysar, but our atiention has been direct-
o3 sc far to the compounds with higher priorities.

€. Yo Human Aoute T Polsoning. - Heresay may
have no place in a acientiric disoussion, but we
have based ocur recomnendations of a maximm allow-
able concentration in no small part upon the word
of mouth reports that wmder the oonditions of
industrial practice no cases of huoan T polson-
ing have bean discovered.

7. T3 the Maximum Allowabls Concentration
Injurious? - From the oloss relationship wnich
we havTe obmerved between exvosure of animals
to T oompounds aid injury esvecially to the
idney, we fsel that it is antirely nossidle that
8lizht Injury may occur ia laausirial workers exe
posad to T dusts. We wish to point out the dif-
ference beatwsen "a safe lovel” 2nd the “maximum
allowadla cnorzcsnrazion™. Ths szafe lsvel iz a
physiological entity, an exposure inwvolving no ]
injury. The maximuwm allowable concentration is an 5
enginesring bench mark. In industrial practice it .
nmay beccme necessary to strike a ocompromise betwsen IR
the air oonosntration whioh can be maintained during
naximm production and the chance of injury to plant
personnel,

The dust concentration may be so great during maximun
production that 1t 1s prohibitively dangzerous; the dust
concentration of a safs level may be sc low as to make
volume production almost impossible. Under such ociroum-
stances it would be reasonabls to set a maximum allowable
conocsntration at such a level that production may proceed;
1f at this level the chance of injury is small.

8. Chojge of Meximum Allowable G8Moentration. - I%
is ocur inderstanding that the meximum allowabls concentration
should be set a3 high as we can justify. #e are aware that the
setting of this maximum allowable concentration doss not
do away with the medical survelllance, use of respirators,
personal hyziene and other heslih control memsures. Con-
sequently, evidence of any 111 effeots of a higher level

will be promptly discovered and the permissable dust s
conocentration reponudorod. saeFt
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Tos L. Col. E. L. Friedell 28 April 1943

»

9. War leasure, - One of the reasons why we
have recoxzaeanded 5900 nicrozraus per cubic meler as
138 maximum allowable concentratlon is that we view
this as an emergency war measurs to expesdite in-
dustrial production.

It would be hard to zive an estimnte as o how much
weight we placed on each of these items, All taken together, they
Zave us a sufficient basis for our deoision. Ws hope that this
recapitulation hes given you the information that jou desired.

CARL VOBGTLIM,
Consul tant,

m Cc nﬁmg,
Chief Toxicologzist.
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Subiects Toxicity or (=615, C=-212 and C-215

MDORANDUY to Files.

1. C~6i63« All raboiis and mice died in cne veel.'l
tine when exposed to 3,000 microgruns per cubioc metsr. -<he
oxperinents using 500 miorograms per cuvic meter is con-
tcrmiated and preliminary results will be ready in three
weeks. Dr. Stokinger is oonvinced that altiaough uniuals
proably will not die, they will s-ow delinite toxicity with
Y50 narts oner nillilon,

2o C=-2122~ 1 niDea .c*.uau all anizals {rats and
nice). 1/10 n.o.m, cansed no lea Lrats, cuisea oiocs,
Sic3 and rabolta).

3. C-2181= 25 p.v.n. :11 ed all animals in Pive
o six days. S pepeme killed 135 04 Uhe animsls but
only head exposure wus used in this experiment, and this
teshnique ocould account for dewths. 3 DeDents caused no
deatna but in Dr. Stoklnger's opinion, could possibly
bs toxic.

B, J. UEARS,
C ain, Hedival Corpas,.

Cer Hajor J. L, Ferry
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QOak Bidge, Tenneasee , - <.

Dear Captaln Ferry:

The work »f the dental research group bas resalted in

several interesting and izportant fiadings. Among these should be
liasted:

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

2. The teeth of our experimental anlmals, notably the con-
tinuously erupting incisors (for example, of the rat) show notably large
depoaits of T and may turn out to be one of our best indices of the
relation of T to mineral matabolism. Thus, by studying the tesath ws zay
find an exaggerated picture of what happens when T is deposited in Dbones.

I am sending along herewlth quite a 1ittle volume of reports
which have been submitted by Li. Dale and, in some casas, by Dr. McCauley
as a result of their various studies in reference to teeth. I wish to
obtain from Colonel Warren authorization for whichever features of the
study he thinks it well to contlinue. May I call your attention especially
to the list of recommendations which include the following:

C. (1) A survey of the occurrence of lactobaclilli. At the i~
present time this seems to me academically interesting but not required.

Co (2) Urinalysis for fluorides. These arrangameats have y o
been made and this work will be done. - ¢

C. (3) Photozravhs of the lesions. Since this peculiar
condition has not been previously described I belleve that such photographs — Lind e
would be useful and serve as a basis for observing effects which may "f”{j '
develop in the teeth of ‘?ersona exposed to other fluorides, for example, AP~
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Captala J. L. Ferry 2

C. (4) Analysis of the “gunk® on the teeth of fluorids workers.
This would be in my ovinion and that of Dr. Voegtlints a useful study. It - o
would involve scraping off some of the deposits, analyzing them for fluoride T
" and in the case of PG workers for fluoride and T. o ‘

C. (5) Gross and Microscopic Studies of extracted teeth from o7, "5”{':
PG workers. This should be carried far enough to find wnether there are =~ 5\ -
any evidences of abnormalities.

C. (6) The study of the effects of HF on teeth., This is a Yz
rather simple short-term experiment and might well yield interesting results.

I. (1) The analyses of our experimental animals for the T us
content of teeth and alveolar bone is belng done. I think this work should
be continued on a limited basls.

I. {2) Examination of workmen exposed to T should be a regular xf
part of the health program wherever possible.

I. (3) Extracted teeth from T workers should be studied wherewer .’ A
possible. o

I. (4) When these workers also are exposed to F it would be i
desirable to obtain F analyses on extracted teeth.

I enclose coples of eleven reports as follows:

A. reliminary Report of Oral Examinations of Twenty Government Zmployed
Chemists¥., July 26-23, 1343,

B, BA Szudy of Oral Conditions in Laboratory Fluoride Torkers® (at a University
Site). August 30-31 and September 1-4, 1943. Preliminary Report.

C. MA Study of Dental Conditions in Forkers Zxposed to Iilute and Aanryirous
Hydrofluoric Acid in Production®. Preliminary Report. October 13-15, 193,

D. %A Study of Dental Conditions in Workers Exposed to Dilute and Anhydrous
Hydrofluoric Acid in Production”. Radiographic Findings. December 31, 19u3,

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

University Site). Findings from Oral Examinations. July 26-28, August 30-31
and September 1l-4, 1943, _
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Captain J. L. Ferry 3

F. YA Study of Dental Conditions in Workers Exposed to Dilute and
Anhydrous Hydrofluoric Acid in Production.® January 6, 194l.

C. %A Study of Oral Conditions in Laboratory Pluoride Workers."
Second Series of Examinations., January 24-25, Fedbruary 28-29 and
March 1-3, 1g9lh,

H. "A Study of Dental Conditions in Workers Exposed to Dilute and Adydrous
Hydrofluoric 4cid in Production. Statistical Report. 1 April 194,

I. '"Proposed determinations of T in extracted teeth and alveolar bone of
T-employees as a possible index of bodily storage®. June 29, 1944,

J. "Preliminary Dental Report on the Distribution of T and F in the Teeth
of Animals Exposed to T-compounds.” June 27, 1944,

K. "Dental Histology Report of Animals Subjected to TFy and C-212 by
Inhalation®. May 25, 1944,
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Yours very truly, i \‘
< 74T Chief Pharmacologist
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