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Abstract:
Both the experimental data for the testing of the methods of analysis and the actual results when these
methods were applied have been included in this problem.

1. The "sliming", the nitric and perchloric acids, and the ashing methods of removing the organic
matter have all been tried and the ashing method used because of its applicability to the problem.
Occasionally the nitric and perchloric acids method was used to check the silica content as procured
when the ash was dehydrated with HCI.

2. It was found that the phosphate had to be removed in order to make accurate analysis. Both the
ammonium molybdate and the tin methods of removing the phosphate were tried, and the latter found
the more applicable as well as giving the better results.

3. The tin method of removing phosphate has for the first time been shown satisfactory for quantitative
work. Table VI shows its reliability in presence of relatively large amounts of phosphate and small

amounts of Al, Ca, Mg and Fe. The molybdate method does not seem to be satisfactory (see Table IV)
for the material in question where small amounts of Al, Ca, Mg and Fe must be determined accurately.

4. One of the most outstanding differences observed between normal and "lunger" lungs is that of the
heavier weight of the latter's dried material. Although the percentage moisture is about the same in both
cases, the "lunger" dry weight is 3.7 times heavier than that of the normal.

5. In the "lunger" lungs the calcium is about 2 times, magnesium about 1 1/2 times, and iron about 2
times as much as in normal lungs of the same size dry sample, while the silica and aluminum content
seem to be about the same in both cases. When the weights of the mineral content of the entire dried
lungs were calculated they were much greater in the diseased than in the normal lungs. The average of
the mineral content of the total dried "lunger" lungs contains approximately the following over that in
the normal lungs: silica 4 times, iron 5 times, aluminum 3 times, calcium 6 times, and magnesium 5
times.

6. Since blood contains considerable iron and calcium, the quantity of these two found in the analysis
of the lungs would vary with the amount of blood present. The excess blood in the lungs was kept very
low by observing precautions when removing the lungs from the sheep so as to keep its content as low
as possible, 7. It is beyond the scope of the present problem to make any conclusions as to whether or
not the increase in mineral content of the "lunger" over normal lungs could be the cause of the "lunger
disease of sheep, To determine whether the increased mineral content is due to inhaled dusts or
pathological deposits is also excluded from the present investigation.
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THE DETERMINATION OF MOISTURE, SILICA, IRON
ALUMINUM, CALCIUM, AND MAGNESIUM IN THE

LUNGS OF NORMAL AND "LUNGER" SHEEP

i. INTRODUCTION

"Iunger" disease of sheep, which has been described as chronic pro-
gressive pne.uménia, is well known to sheep men of the I\Tor'l:hw‘nres-l: and ‘o
~ them the affected sheep are.lom as "lungers" or- "heavey" sheepo As the
‘name 1nd:.ca‘bes ’che disease is one affecting 'bhe lungs, producmg a rapid,
Jjerky, panting type of respiration which results in loss of condition,
emaciation, exhaustion, and finally the death of the animal.

This is a-disease of range shee;p and so far as is‘ known at present
does not occur in sheep raised and maintained in small flocks on irrigated
pastures. It is observed més‘c commonly in ewes over four yéars of age,
but it ocours in two, three, and four-year‘-old‘shéep, and in bucks and
weathers as well as in ewés. Occasionally the symptoms are seen in year=-

~lings.

Observations show that the disease occurs in U’cah Wyom::.ng, W’ashlng;- ‘

h'ton, Oregon, Idaho, and North Dako*ba., as well as in Montena. Tn Montanm
the loss from the disease in the average infected band rums about two per
cent ammually. Al‘bho.ug;h there are some sheep outfits thet are not kmown
to have any‘ "lungers" among their sheep, the disease is quite generally
distributed and the total loss each year reaéhes a high figure.

Dr. Hadleigh Marsh and Dr. Howard Welch of the Montana Veterinary
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Research Laboratory have carried out studies in connection With.tﬁe
"iunger":disease for fifteen years.-'They worked on the probleﬁ.largsly
from the paﬁhqlogicél and bacteriological standpoints and isolated from
the lungs of "iunger“ sheep three species of bacteria whiph‘were‘a Pas-

teurella, a diphtheroid bacillus, and Micrococcus catarrhalis (Pfeiffer).

" They succeeded in recoveriﬁg in pure culture the diphtheroid bacillus

and Hicrococcus catarrhalis (Pfeiffer).

On inoculating normal sheep with the bacteria obtained in éure cul-
ture from ﬁﬁe lungs of "lunger" sheep, the disease could not épparently
be reproduced; »

Dr. Marsh and Dr. Welch found from their observations that the
normal sheep lung immediately after death is bright pink in color, tends
to collapse in the chest cavity, is soft and elastic, and is easily com~
pressed in the heand. The whole lung is even in texture and contains no
lumps or variaﬁions in:structure. The lung of a "lunger™ sheep is gray
in appearance, firm, heavy, and filis the chest cévity."it does not
tend to collapse and is hot elaético In the smaller anterior lobes and
along the lowef,margins of the main 105es, aﬁd occasionally. in other
parts of the lung, are solid d;rker areass The gradual enlargement of
these solid areaé in the lungs anq the graduéi thickening éf the walls
of the air sacs throughout the lungs determine the course of the dis-
ease. As the consolidation progresses, the available air space decreases
until finally there is not enough air-cqntaining‘tissue to supply the
necessary amount of oxygen to the blood and the sheep dies.

The whole pa%hological picture.is that of a long continued irrita-
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'bic;n, e:i:'ther bacterial or mechanical. Microscopical examination of the
lung tissue shows that there are present in the various parfs of the
diseased orgen certain particles which give a greenish yellow refraction.
It is Thought that these particles may be foreign material, pr:i.ncj.pé.l'ly~
dusts of inorganic nabure, and by either mechanical or chemical irrita-
tion of the lung tissue so react as to cause the "lunger" disease.

Because of the fé.c’cs that the "lunger" disease of sheep could nob <
be reproduced in nomal a’.nimals‘ by inocula’é:‘mg ‘them with the bacterial
spec;ies isolated from "lunger" sheep, and that histological observation
showed the presence of pa;x“tic les of greenish yellow refraction in
Ylunger" lung tissue, the present study was undertaken with the object
of determining the content of cdrtain minerals in lungs of "lunger"

sheep as compared: with those in normal lungs.
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II. REVIEW OF THE LITERATURE

The work of previous investigators which applies to the present pro-
blem may be divided into- four groups; first, previous work done on
"lunger" diseasey second, foreign minerals that are iikely to occur in
the lungs of "lunger" sheep; third, the method of destroying organic mat-
ter preseﬁt; and fourth, the method of analysise.

A, Previous Work Done on "Lunger" Disease

Previéus work on the "Lunger" disease of sheep has been along the
bacteriological and pathological lines. Welch and Marsh (42) have worked
for a number of years on the bacterial infection in the lungs of diseas=-
ed sheep and found no definite cause. Marsh (31 and 32) has described
the disease as a progressive pneumonia of sheep. He isolated two species
of bacteria which he believes to be factors in the.etiology of the dis-
ease but could not refrodnce thg disease by inoculating normal sheep with
the isolated organismse.

"B Féreign Mineréls That Afe Likely To Occur
| In Lungs of "Lunger" Sheep -

Very little work has been done on the mineral analysis of sheep tis-
sue, especially of the lungs. Laws and Gilbert (29) have made an inorganic
chemical analysis of the entire body of thin, half-fat, fat and very fat

sheep, and recorded them in percentage of live wéight. For thin sheep
they found 1.118 ﬁer ceﬁE.H3P04, 1,321 per centAbao; 0,056 per cent MgO,
0.173 pef cént K50, 00120 per cent Neo0, 0.037 per cent Feplz, and 0,021
per cent SiOZ; for fat sheep 1,040 per cent H3P04, 1.184 per cent Cal,

0,048 per cent MgO, 0.148 per cent K50, 0.097 per cent Nazd, 0.034 per
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cent Feg0z, and 0.026 per cent Si0s. The results for half-fat and very
fat'sheep were véry close to thoée already given asbove.

Weiske (43) has analyzed the blood 6f Jambs in connection with a
study of the effects of ingestion of acids. He found the following in
per cent dry weight: 0.150 per cent P,“15.255 per cent N, 0.415 per cent
K50, 2.220 per cent Najs0, 0,066 per cent Ca, and 0,029 per éent Mgl

Any differences in the lungs of "lunger" and normal sheep other than
pathological deposits might be the reéult of foreign material. With this
fact in mind, as well as knowing something of the metabolism of the ani-
mal, %he composition of the possible inorganic dust brea%hed by the sheep
should be a determining factor in the cause of the "lunger® disease.

In the analyses of the soils of Montana, aluminum and magnesium sili-
cates pldy an importent part.. Also volcanic ash is present‘in a consider-
. able area in Montana soilé. This ash according to Emerson (12) is largely
composed of angular bits of glass and has abrasive propertles which clays
do not possess. Emerson (12) in an example of the composition of lava
states that in solution it includes quartz, feldspar, mica, and horn-
biende. This would give lava soils the ingredients quartz, aluminum,
potassium, sodium, and calcium silicates,

Hilgard (17) gives the following table for the oxides in the earthfs

crust:
$i09 57.78 Mg0 3081 P205 ' 0637
Ales 15.67 Cal 5.18 Jijisl@) Oe 22
. o FeSy 1,03
Fezo3 3631 Nas0. 3.88

, HoO (acid) 0,36
FeO 3084 . K50 3013 Hy0 (base) 1o42




. important. Fowweather (13) states that the silica content of normal humen
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From tfhis composition of the soil and from the metabolic ability of ‘ani-
mals to throw off various mineral ma:tter‘,‘ the most 1ikely'i'or‘eign miner-
al elements that one would expeect ‘cé find in larg;ef guantities ":'Ln the
“1unéer" lungs th;an present in normsl luné;s are silica, aluminum, iron,
magnesium, and calcium.
This problem seems very closely related to certain mineral diseases

in the lungs of human beings. Of these, silicosis is one of the most

1lungs varied from 0.12 per cent to 0.20 per cent (average 0.163 per cent)

and in lungs of a railway man with marked anthrocosis .'bhere was 0.17 per

cent silica. He said there is no relationship between the amou-n'b of

siliea present and the amount of pulmonary fibrosis and gives two pos-

sible answers to the question of silicosiss first, silicosis is deter- ’ (
mined not by the amount of silica present but by its nature and second,

silicosis is determined not solely by the emount of silica but by certain

conditions present in the body of the person.

Jones (22) in his analyses of silicotic lungs fournd that the silica
was not there in a free state but there as potassium and aluminum sili-
cates. IHis analysés of silico‘bic 1u.nés are 9059 per cent Als0z, 48.02
per cent 5i0p, 8.43 per cent Feg0z, and 2016. per cent Cal, 1l.64 per cent
Mg, 6.42 per cemt Nap0, 16.47 per cent Py0g, and 6,07 per cemt Kp0.

Stewart, Leeds, and Faulds (39) found in their analyses of Haemabite
Miners Lung that the average per cent of silica is 1.66 per. cent and in
normal lungs 0.16 ';;er cent of the dry weight. They found quartz and

sericite particles up to the size of ten microns and believe silica to
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be the real cause‘of fibrosis. It is also stated in this article that
haematite is a comparatively harﬁless dust which stimulates phagocyto~
sis, and is rapidly removed from the lungs. This evidence should iﬁ-
dicate that iron would probably not be an important factor in the cause
of the "lunger" disease in sheep. .

The difference in the silica content of the lungs of silicon workers
and that iﬁ,normal lungs has been shown also by Lieb and Schadendo;ff
(30). They found the 8i0y conbent of pathological lungs to be 4.6 per
cent to 22.8 per cemt of theAash tissue while the values for normal tissue
were 0,08 per cen# to 4.0 per cemt. | |

MoNally (34) in an article on the silicon dioxide conbent of lungs
in health and in disease asserts that the silica content of lungs in-
creaéés‘with age even in nofmal persons; He pointé out that 12.8 per
cent.of the sarth's crust is free silica and in the combined form it is
present to the extent of 42.5 per cente. He‘found the silica content of
normal lungs to be 1l.13 mge per gram of‘dried lung and in lungs of .eight
persons wofking in dusty abtmosphere the milligrams'of_silica per gram |
tissue ranged from 2.4 to 26.0 mg., depending upon the occupation.

Cummins ana Sladden (5) in an article on coal miners lung found
2036 per cent silice in lung$ of coal miners who died of pulmonery dis-
ease éfter ldng disablemént; and in coal miners not dying of pulmonary
disease and not knowﬁ to have any pulmonary disability;-1°24 pér cent.

In non-coal miners tﬁéy found 013 per cent silica. It is also stated
in this article that an excess of iron is partially attributed to the

excess of actual tissue material in the fibrotic lungs. They state that
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iron in the lungs is due to three causes: first, "normal® tissue iron
(including iron of the blood); second, iron in pigment of endogenous
origin; and third, iron of external origin from inhaled dust. They
found that the coaly material increased all out of proportion with the
iron and therefore the latter has very little significant value in the
cause of the disease.
Silicosis has been produced experimentally by Gardmer (14) by
exposing guinea pigs and rabbits to an atmosphere containing quartz
dust eight hours a day for six days a week and over a period of ome year
or more. He produced lesions characteristic of silicosis in man by
using a dust con’l:ainiﬁg 90,75 per cent Si0s and whose particlessize ran
from 1 to 10 microns.
To quote from Gardner (14) in regard to inhalation of various dusts:
"4 comparison of the reaction to quartz dust with that
of other types of dust, like carborundum, soft oval,
asbestos, and granite, has indicated that there are
definite differences in the respomse to different
types of dust.
In the case of quartz the activity of the phagocytes
is responsible for the concentration of adequate quan-
tities of an irritating chemical in direct contact
with the connective tissues. Granite: also conbains
free silica, but the elements in its composition ap-
pear to modify the effect of the silice upon the
phagocytes and perhaps upon the comnective tissue as
well." '
It is Gardner!s opinion that the difference in the reaction to
guartz and granite’is not entirely due to the lower concentrations of
silica in granite dust, but that the non~siliceous compnnents of this

dust modify the behavior of the phagocytes so that they do not concens

trate the irritating silica with the same rapidity that they do in the
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case of quartz.

Iszard (21) in regard +to the influence of an inspired dust on
specific infection of the lungs found that calcium hydrate dusts are
ot hermful to lungs of humens. This article states that the eilica
content of an inorganic dust bears direct relationship to its harmful-
ness and that nonabsorbable dusts are the most injurious.

To quote from Collis and Greenmwood (3) in regard to inhalation of
inorganiec particles:

"Only particles which are insoluble in the fluids of
the body when carried into the air passages remain
as foreign bodies either bto stimulate the ciliated
epethelium to overaction for their expulsion, or,.
if they gain access to the lymph chammels, it gives
rise to a proliferation of connective tissues. Thus
dusts of ivory, horm, bone, and other animal struc-
tures, and -of calcium sulphate, of limestone, and of
oxide of iron, are not associated with pneumonoconiosis
in the way dusts of vegetable husks, emery, glass,
sandstone, and flint are.”

Lendis (27) with reference o inorganic dusts states that inorganic
dust from any source produces definite changes in the lungs. They differ
only in the severity of the lesioms which depend upon the hardmess, sharp-
ness, and chemical composition.

Iszard (21) found that calcium is partially removed by the blood
stream and that the dlssolved calcium is in the blood stream always as
bicarbonate and phosphate, the excess, introduced by calecium dust being
deposited in those organs normally characterized by high calelum.content
such as bones, kidneys, and lungs.

Landis (27) states that organie dusts produce no lesions, but where

lesions are encountered in the luags of those who have been exposed to
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organic dust, the lesions are to be ascribed to inorganic materials-~
in other words, a mixed dust. He states that the symptoms of inorganic
dust are sneezing, coughing, tickling sensation ip the throat, and
vomlting. ' |
In a paper in regard to relétion of organic duéts to pnéumonoconiosis,
Lendis (28) states that orgenic dusts do not have the power  to establish
the condition known as pneﬁmonoconioSis. Quoting from landis (28):
"Disregérding the predisposing influence it may have
on-the development of tuberculosis, it should be
clearly recognized that inorganic dust of itself ean
and does cause serious and disabling damage to the lungs."
C. Methods of Destroying Organic Matber
There has been a great deal of work done on the various ways of des-
troying orgemic matter in plant and animal matfer. From the survey-of
the literature there seem: to be six methods which are usea to a consider-
able extent at the present. As Koch (24)'pointé out, the method used
depends upon the mineral matber that is to be determined. He suggésts
sulphuric acid plus a cabalyst for nitrogen determinations; sulphuric
acid and nitric acid for phosphorus, bubt not safe for nitrogen determina-
tions; simple incineration of organic material in a muffle which is not
safe for sulphur, phésphorus, chlorine, or nitrogen, but is useful. for
most metals} fusion with sodium carbomate and sodium hydyéxide with or
without dxidizing agents as potassium nitrate or sodium peroxide for sul-
bhur detefminations.
Nitric and perchioric acids were'ﬁsed by Gieseking, Snider and Getz
(15)'aslwell as Smith (37). They claim less loss of mineral matter by

this method than by incineration. They also state that the silica is com~

pletely dehydrated without taking the solution to dryness and that the
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perchlorate of the metals are much more soluble than the chlorides or
oxides in ashed material. A "sliming" method which consisted of treat-

ing the wet or d.fy animal tissue with concentrated nitric acid for a

:period of seven to ten days was used by Jomes (22). The insoluble material

is filtered and the original cyrsbal structure of the siliceous matter
may be exa:nﬁned under a microscops since the n.itric acld is believed to
have no effect on the residue material.

King (23) and many other authors advise the use of élatinum cruci-
bles for the ‘as'hing process and usually used a sample of ai)ou'l: 2 grams.
A nickel crucible was used by Kroese and Nieuwenhuyzen (25) and they
found that the nickel is not appfec;iably oxidized on heating and that it
is only véry slightly attacked by the charring of the 6rga.nic matter.
They put the dried ground organiec ;naterial in a closed nickél crucible
and incinerated in an electric oven at 300° to 350° C. while a stream
of oxygen was passed into the nickel vessel. They obtained a chalk
white ash in 3 to 4 hours. |

D.l Methods of Analysis

There is much literature on the méthods of analysis for animal and
plant.ma.’cerials as well as for certain inorganic elements. Meny workers
have given the method of analysis for certain of the elements sought in
the present study, ‘bv‘.’c few have given a method for the complete analysis.

Cumins and Sladden (5) in an arbicle oﬁ Coal Miners Iumg selected
300 to 400 g‘ra.ms‘. of ‘Wet lung,. i;;ut the nia‘beria} into small pieces with -
scissqrs,- and placed ﬁle tissve in a procelain dishe Thié was dried

over a water bath until the weight was constant and then the dried pro-
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duct was ground in a coffee mill. The analyst determined ash, silica,
"eoaly" material, and iron om the sé.mple.
| Kroese and Nieuwenhuyzen (25) in their estimation of small amounts
_of siiiéa and calcium in the ltmgs of humans ashed the tissue in a nickel
crucible. The ash was transferred to a platinum cricﬁble and fused with
a NaOH-KOH mixture. This was then évapora.ted three times with concen-
trated HCl, dried at 110° and finally ignited. The residue was treabted
with dilute HCI1, the sil:;.ca. filtered off, washed with hot wa'bér, and
finally ignited in a platinum crucible to constant weight. The purity of
8105 was checked by eva‘pbr‘a'bion with sulphuric -aﬁd‘hydrofluoric acids
and once more ignited to a constant weight. In the filtrate from the
silica, the phosphorus was precipitated by addition of nitric acid, am=-
monivm nitrate, and an excess of annﬁoniu..m molybdate. The phospho-molyb-
é.a‘be was removed by filtration and the excess molybden{m removed from
the filtrate by saturabion wifh HsS, after first boiling off the nitric
acide The nickel was precipitated with smmonium s'ulphide after pre-e"
' lmmary neutralization. The calcium was then precipitated as the oxa-
late and weighed as Cals.
- Morgan and King (35) have given a method for micro determination of
silica. They ashed the sample and used perchloric acid to dehydrate the
silica in place of HC1 They filtered off the silica, ignited in a
platinum dish‘,‘ and weighed.
Kuzirian (26) est:hnated't.he calhcium in the ash of plant and animal
carcassess He removed the phosphorus with smmonium molybdate, precipitat-

od the calcium as the oxalate, and weighed the latter as Ca0. The calcium
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oxidé was then dissolved in dilut'e HC1l, filtered, énunonium chloride and
ammonium hydroxide added, boiled until odor of ammonia is. faint, and
iron and aluminwn hydrokides removed. The calcium is then precipitated
as the oxalate. He recommended not rembving the excess molybdenum since
it did not interfere with the precipitation of the calecium.

Stanfield (38) in his method for determining the molybdenum in
plants and soils advises the precripita'bion of‘ the molybdenum as the sul-
phide. This 1S accompiished'by sa‘bura‘l:ing‘ a 'stijong ammoniacal solubion
with hydi'ogen éuliah‘ide and pouring the solution into an excess of 6 .

. sulphuric or hydrochloric acid, boiling to coagulate the precipitate,
and filtering off the LoSgz.

MeCrudden (33) has given experimental data for determination of
calcium and magnesium in the presence of phosphorus and iron. His re-
sults with the method for caleium agree with those given by Official
Methods of Agricultural Chemists (I, XII, 9)*, Halverson and Bergeim
(16), Corley and Demis (4), Hillebrand and Iundell (19), and Breazeale
(2). The calcium is precipitated as the oxalate in a slightly acid solu~-
tion and then brought to slight alkalinity with sodium acetate. The
magnesivm is debermined in 'bile Piltrate from calcium by evaporating to
dryness, taking up with HC1l and finally precipitating it as the am-
monium phosphate. ii’ iron is present 0.5 to 1.0 cc. of a 5 per cent
sodium citrate solution is added before the magnesium is precipitated.
The use of the éi‘bx;ic acid to form complex ioné with the iron and
‘aluminum has also been verified by Curtman (7) end St. John (40) as

well as Curtmen and Dubin (8).

% Denotes the division and determination number.

Ly A
Gk V
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Dienes (9) has used the samé essential me-bhodé for calcium and
magnesium as did McCrudden (33), but the formerts work was with micro-
chemical anelysis which :’mvolveci some minor changes.
Elvehjem and H_ar'b (11) confirmed the method for iﬁ_on given in Offi-~
cial Methods of Agricultural Chemists (I, XII, 7) and Hillebrand and Luﬁ-

dell (18). Treadwell and Hall (41) give a method for the determination

~of iron and aluminum when they are procured as combined oxides. Winter

and Patten (44) precipitated the iron and aluminum as phosphates and
later determined the iroﬁ separabely by adjusting ths hydroxyl comceunbra-
tion by means of ammonium ace;‘ba’ce. Myers, Mull, and Morrison (36) fol-
lowed a siﬁilér scheme bub used a colorimebric method fof aluminune

Edwards- (10)‘ found the a.mouné of iron az‘ad aluminum in f)hqsphateé by .
removing the phosﬁha.te with citro magnesia and precipitaeting the iron
and aluminum in a basic solution with hydrogen sulphide. The ferrous
sulphide was washed, dissolved in dilute sulphuric acid, béiled, cooled,
and titrated with standard permanganate. The aluminum is calculated ..
by the difference.

Curtman (6) has given a method for i‘emoving the phosphate by use
of J&;,in in quali’catﬁ'.ve analysis and found it quite sa*cisfactoi‘ya The
method is simply adding tin to a concentrated nitric acid solution free
from chlorides and removing the phosphate by filtering.

From Ithe literature pertinent to the problen.l, it appears that con-
siderable work has been done in analyzing Jc‘he various inorganic materials
pfesen‘c in humen lvngs and that fhe method used varies with the parti-

cular determinations sought. There is no literabure on the determination
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of the mineral content of lungs of "lunger" sheep.

III. CONDITIONS UﬁDER WHICH THE SHEEP WERE RAISED

All of the sheep whose lungs were énalyzed‘in this.experiment'were
raised under the supervision of ‘the Montana Experiment Station. The
sheep whose lungs were considered normel were raised either under flock
conditions, on the range, or partly under both. The "lunger" lungs
came from sheep who usually had been on the range for some period of
time.

IV. FPREPARATION OF SAMPLES |

The'procedure‘of éampling‘falls into ﬁﬁree groups and will be con-

sidered in tﬁis‘manner. | | |
A. Method of Removing Lungs

Dre Marsh of the Veterinary Research Laboratory procured all of the
lungs which were analyzed in this problem. In all but one case, in
" which the sheep died, they were killed by bleeding from the jugular
vein and both lungs upon removal from the animal placed in a porcelain
dish. The trachea as well as all other tissue other then that of lung
was cut awaye.

B. Drying and Grinding

The drying was done in an electfically heated dryer provided with

a fan for circulating the air. The temperatqre of the dryer ranged

from 55° to 65° C.. After from five to seven days in this dryer, de-
pending upon the time necessary for the material to come to constant

weight, the sample was removed and ground in a Wiley mill.
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C. Sampling and Preserving

The ground lung was then "tabled" by placing on a piece of paper
about two feet square and pulling each corner of the paper in suc-
cessioﬁ over the diagonal corner, thus causing the pieces to roll over
one another. This was continued until each cormer had been pulled
across for ten.tiﬁes. The total dried material was tﬁen bottled up in
an elght ounce bottle or quart canning jar depending upon the size of
the lungs. Slnce the size of the lungs of some of the sheep was. small
it necessitated the keeping of the complete.lungs. This practice was
carried out with all the lungs. ‘

V. METHODS OF ANATYSES
A. Quelitstive Analysis

The generél methods as ‘given in Curtman's Qualitative_Analysis

were used-tohidentify the varioﬁs ions presentQ
B°‘ Quantitative'Analysis

The methods of aﬁakyse; were modified to suit the determinations
desired in a few cases, but in general the procedures of the Association
of the Official Agricultural Chemists (1) were followed. This refer-
ence will be referred to as "Official Methods" in further citations.
Usually a 12 gram sample of the -dried lung mabterial was taken aﬁd car-
ried through the entire anal ys1s, althouoh in some cases other sizes
'were used. In all cases the determinationsgwererrun in dupligate; A
large sample had to be ashed in order to recelve sufflclently large

amounts of inorganic materials in +the ashe.
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Moisture in the Lungs

The lungs as received in:a porcelain evaporating dish were weighed
and the weight of the dish subtracted so:as to obtain the weight of the
wet lungs. After fhe lungs had been dried at a temperature of 56 to
65° . to constant weigh%, the weight of the diéh wa.s again subtracted
from thg total weight in order to arrive at the dry weight'of the lungs.
Tﬁe percentage of moistiire was found on the wet basise

‘Total Ash

Total ash for computatlons was carrled out in four separate
samples, two of which were normal and two of vwhich were "1unger" lung
samples. A 6 gram sample was welghed 1nto o silica dish end then placed
in an electrlc muffle. The temperature of the muffle was quite low at
the start of the ashing proceés in order to prevent loss of material by
fleming and also loss due to "puffing up" of charred meterial. The
ashing was then continued at a tempgraturg of 393° to 488° ¢. for 48

to 96 hours while a stream of air passed through the muffle. This bem~

. perature was the lowest at which ashing would take placercomplétely.

At a higher temperature the ash had a tendency to fuse.
Silica dishes were used in place of plabinum dishes since a large
semple had to be ashed in order to procure a sufficiently large ash and

that such large samples when ashed may have destructive action on the

platinum. Targe platinum disﬁss were not available.

The ashing as carried out for the inorgenic amalysis was done in a

~nickel erucible as suggésted by Kroese and Nieuwenhuyzen (25) by placing

thé vessel with the organic tissues in an electric muffle whose tempera-
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ture was just high enough to char the organic matter amnd low enough to
prevent the "puffing up" of the material as much as possible. After
the ﬁaterial‘had stopped smoking the temperature of the muffle was raiéed
to 393° to 4880 C. for the remainder of the ashing p?oqess. Total ash

could not be determined by this method since a certain amount of mickel

oxide and salts were formed by the ignition of the ash in the nickel

crucible. Silica dishes could not be used for ashing the sample for in-~
organic analysis because some silica may be removed from the dish and
give false results in the silica determination.
Silica Determination

The siliceouslmatter we.s determined in the ashed material accord-
ing to Hillebrand (20) and Official Methods (I, XII, 5), the ashed
matefial being put into a beaker and evapora%eé ‘three timeslwith con-
centrated HCi an@ finaily‘%akiﬁg up the residue with dilute HCOl. After
fiitering, the filtrate was evaporated to dryness bubt rarely ever .gave
any silica. The siliceous matter was filbered through a Whabtman 42
filter paper and ignited in a platinum.cfuéible‘to'constant weight.
The silica content was précured by evaporating the siliceous matter
with sulphuric and hydrofluoric acids until constant weight was reached.
The difference of weight of the siliceous matter before and after this
treatment gave the weight of the Si0O, present. |

Iron Determination

Thé fi;traté'feceived after éll‘the siliceous mabter had been re-

moved was made up to a volume of 100 cc.. A 90 cc. portion was placed

in a beaker for the determination of aluminum, calcium, and magnesium.




-2
The remaining 10 cc. were used for the iron determination according to
thé microcolorimetric procedure of the Official Methods (I, XII, 7)
with %he precaution taken of addiﬁg the same amount of nitric acid to
both unknoﬁﬁ and known solutions of iron.
Phosphate Removal
Since calcium as well as magnesium phosphate would predipitate
when a solution combaining the ingredients is made alkaline, the phos-
phate has %o be removed. Thelmethod of removing the phosphate by am~
monium molybdate according to Kroese and Nieuwenhuyzen (25) and 0ffi~
cial Methods (I, II, 7) was fried, but difficulty was found in removing
both the phosphate and excess molybdenum. According to 0fficial Me-
 thods (I, II, 7) 70 cc. of molybdate solufiqn has to be added for every
decigram of PyOg presemt in an HC1l free solution. This would necessi;
tate the adding of about 300 to 400 cc. of molybdate solution in order
to precipitate all of the éhosphaﬁe present. This dilution seemed to
interfére with the precipitation of the phosph&te. Also much diffi-
culty was encountered on trying to rid the’solution of the excess mo-
lybdenum by the method suggested by Stanfield (38). |
In an effort,to remove the phosphate the qualitative method of

Curtmen (6) was tried and found to give good results. This method con-
sisted of evaporafing the aliquot to drymess after the iron sample
fhgd been removed and taking it up with lO.cc. of conéentrated.nitric
écid. This was taken to.dryness and 10 cc. of nitric acid again added.
Afber taking this to dryness ths residue was taken up with concen-

trated nitric acid, heated until all material had gone inbto solution,
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and about 2 grams of tin in the form of CP foil was added. This was
boiled énd evaporated to about 0.5 of é cc., 25 cc. of water were
added, the solution stirred, allowed to stand, and finally filtered.
The precipitate was washed from the filter paper into a beaker and 10
ccs of hot water a&dedc This‘was again filtered, washed with water,
added to the original filtrate, and the total volume evaporated to
about 25 cc. Since some of fhe original precipitate tends to go
through the paper,‘the solution is again filtered. The filtrate, al-
though free from phosphate, usually contains small qpantiﬁies of lead
and copper originally present as impurities in the tin foil. To get
rid of these and any tin that might be present, the solubion is made
alkaline with ammonium hydroxide, made slightly acid with HC1, 5 grams)
of ammonium‘chlo;ide‘added,‘and finally §athratéd with hydrogen sul-
phide. The precipitaée‘is’filtéred, washed with ammonium nitrate,
and filtrate made strongly acid with HCl. This is boiled to get rid
of excess hydrogen sulphide and the free suifurvwhich forms is‘filter—‘
ed off and.washeﬁ with hot water., The filtrate is evaporafed to about
75 cce
Determination of Aluminum

The concéﬂtrated filtrate obtained from above after the phosphate
removal is treated for Feg0z and AlgOz according to Official Methods
(I, XXXVII, 56). The iron content in the combined oxides is found by
using thg proceduré in Official Methods (I, XXXVII, 57). The amount

of FegOz is calculated from the amount of iron found. The quantity of

Alp03 is found by subbracting the amount of FegOz from the weight of
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the combined oxides. The amount of ‘the alumimm is found by use of

chemical factors.

Determination of Calcium

The ammoniacal filtrate from the R203 determination is saturated

with hydrogen sulphide to remove the mickel. This is filtered off and

washed with é 1 per cent ammonium nifrate'solufionj The filtrate is
a;:idified with HC1 and boiled. The free sulphur is filtered off, wash-
ed with hot water, and the re#ul‘bing filtrate concentrated to about
200 cc. The calcium was debermined accordlno to 0fficial Methods
(I, XII, 9) except that the calcium oxalate was preclpltated in a cold
solution Whlch.was very slightly acid in reactlon.to methyl oraunge.

| Determination of Magnesium

Magnesium was determined in a single precipitabion according to

Official Methods (I, XXI, 37).
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VI. TABUIATION AND DISCUSSION OF DATA
_An important factor in getting good results in this problem is
that of obtaining a method which will accurately and liniformly apply
to all of the ashed samples of the lung material. With this fact in
mind the various methods were tried in ordér bo determine ﬁhich ‘would
give the most accurg:be resultss |
| B. Qualitetive Analysis

A qualitative analysis was run on two normal and two "lunger"
lung samples which were ashed in silice dishes. The methods given in
Curtman's Qualitative ‘Chemic:al Analysis were used and indicatéd the
preseﬁcé of Sibg, aluninum, pilospha;be s irori; calcium, and magnesiuvm in
both normal and"‘lu:ager" Jungs. No other gualitative tests could be.
gotten uéing these methods. Much time was spent trying to get the
only available spectroscop% in proper working condition in order to
obtain the spectrum photograph of 16017151 the normal and "lunger" lung
samples. It was finaliy decided thet the instrument could nof: give
fine eﬁough lines for use.in spectrum studies, and therefore could
not be used in the present problém.

B. Quantitative Ash Determination

Table I shows the results obltained in ashing a 6 gram sample of
two normal snd two "lunger" ewes. The " lunger" average' ashed weight
was 0.1156 grams heé.vier oz-' 41.8 pef cent higher than the average
weight of the normal lung ash. This de’ce‘minat‘ion.shows that there
. is'nearly 1f times as much mineral matter in "Alunger" a:s there is in

normal lung samples.
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Table I.

Weight of Total Ash in "ILunger" and in Normal Lungs

 Sheep ‘ -8ize of Weight~
number samples of ash
gms i gns

Lunger Lungs

617D 6 . 0.3731
5578 : ‘ 6 . 0.4124
Average 6 | 0.3928

‘Normal Lungs .
430 6 | 0.2618
314 6 i 0.2926

Average | 6 . " 062772
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C. Methods of Destroying Organic Matter

Three methods were tried for destroying the organic mabter present
and are namely the ash method according to Kroese and Nieuwenhuyzen
(25); second, digestion of lung with nitric and perchloric acids accord-
ing to Smith (37); and %hird,‘"sliming" method of digestion by means of
nitric acid. Since the latlter applied more to microscopical studies
of the siliceous matter present than to chemical analysis, it was not
used after preliminary experiment. The nitric and perchloric acids
offered a quick and easy method of destroying organic matter as well
as accurate results for silice since the penéhloric écid dehydrates
the silica without having to evaporate the solution to drydess. How-
ever, since the perchlofates formed by this tréatment interfered with
the tin method of removing the phosphate the method was used only tg
check the fesults‘on siiica as obtained by the ash and HC1l dghydration.

D. MNethods of Removing Phosphafe

Tn order o establish approximately the amounts of silica, alumi-
num, iron, calcium, and magnesium in sheep lungs the entire material
of a normal ewe was ashed in a nickel crucible at 393° to 488° and
the resulting ash analyzed. The Si0s was removed by dehydration with
HC1 and 5 equal aliquots taken from the filtrate for determinations
on comparison of methods. Two of the aliquots‘were run on -each method
so as To act as checks on ope'another. In the first two the phosphate
was left in solution and in the remaining two it was removed by use of
ammonium molybdate solution. Table II tabulates the grams of each

element found while Table III represents the percentages found. Table
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Table IT.

Weights of Aluminum, Iron, Caleium and Maguesium as

Determined in a Normal Sheep!'s Lungs,

and Without Removal of Phosphate

With

Number of Phosphate _ o
determinations* removed Phosphate Aluminum Iron Calcium NMagpnasium
) - grams grams grams grams grams

1 1o — 0.1089 0.012 0.0037  0.0008

2 no - 0,0736 0,011 0.0034 0,0008

3 yes . .0.0141‘ 0,0507 0,010 0.0069 0.0008

4 yes 0.0134 00,0507 0.,011 0.0084 040008

¥Fagh sample was an aliquot cohtaining 20.9 grams of maberial and
represented one~fifth of the total dry weight of the lungs.
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Table IIT.
Percentage of Aluminum, Iron, Calcium, and Magnesium as .|
Debermined in a Normal Sheep's Lungs, With

and Without Removal of Phosphate

Number  of FPhosphate e
determinations* removed Aluninum Iron - . Calcium Magnesiun
per cent  percent  per cent per cent
1 ‘ no ' 0,104 0,011 0@6055 ‘ 0,0007
2 no 0.071 0,010 0.,0032 0.,0007
3 yes 0,048 0.009 0,0061 00007

4 yes - 0,048 0,010 = 0,0061 0.0008

*Faeh semple was an aliquot conbaining 20.9 grams of material
and represented one-fifth of the total dry weight of the lungs.
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I1T is calculated from the data in Table II. It is obvious ~’cha‘c in
the cases where the phosphafe was not removed the aluminum content is
higher and the calcium content lower than in those where the phosphate
was removed. These differences indicate that calcium phospha"ce’ must
precipitate when the solution is ipade alkaline and therefore is weighed
as AlpOz thus dncreasing the amogn’c" of aluminum and decreasing ‘the
amount of calecium. | .

In order to test the accuracy of the various methods of é:aal:}ses,
a. known éolu‘cion was made up which contained the approximate gquanti-
ties of the elements foﬁnd in the normal sheep's lungs as tabulated in
Table II. The stock solution of the known was made by dissolving ten
times the mmount represented below, making up to 100 cc. and taking 10
cc. aliquots.

Quantities Present in K;nowﬁ 10 cc. Portion

0,005 gm. iron in form of C.P. wire

0.0500 gm. aluminum or .3975 gm. AlClz.6Hs0
0.0100 gm. calcium or .3065 gm. CaCly.2Ns0
0.0100 gn. magnesium or .0846 gm. MgCl,.6H,0

0.3000 gm. mnickel or 6640 gm. NiCl,
0.0199 gm. phosphorus or .1324 gn. NalNH,HPO, .4H,0
In the first determination of this known the phosphate was removed
by ammonium molybdate solubion and the excess of the latter as well as |
nickel not removed during the course of 'bhe entire analysis. Thé re-
sults are tabulated in Table IV under sa;mples Nos. 1 and 2. -
Another'de‘oexr'minabion wa.s carriéd out on the same known solution

without removing the phosphate and the results obtained tabulated in
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'Table IV..‘ .

Contents of a Kunown Solubion and Results Obtﬁined

by Various Methods

Calcium Magnesium

Sample number Phosphate  Aluminum Iron -
‘ grams grams grams grams grams
Kncwn. | © 0.0199 0.6500 0.0050 0.0100 ' 0.0100
M A 'Resulté'Obtained
1 | 0,097 0.0511  0.0050 0.0107 0.0120
2 0.0208 0.0500 - 0.0109 0.0109
3 | _—- 001316 === 0.0018  0.0051
4 . 0.0202 . 0.0514 —_—— 0.0127 0.0089
‘ 0.0137 0.0114

5 0.0199 0.0445 ———
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Table IV under sample Noe. 3.

A me'_thod. whi.ch consisted of removing‘, ‘the phosp;ﬂa‘ce wn.th ain;n;oni'.tun
molybdate and removing the excess of the latter as well as the nicicel
by precipitating with hydrogen sulphi‘de in an axmmoniacal solution
brought back nearly to acidity with HC1 was run on a known solution

containing the same amount of all elements except no irom was present.

The results obtained are tebulated in Table IV under samples Nos. 4

and 5. The best results seemed to be obtained when the phosphate was
removed but the excess molybdate solution not taken out in the entire
course of the analysis. This method was. then used on the samples of
the seme lambs' lungs proéured at a meet market - Various wa;.;rs of

destroying the orgenic matter were tried and the results of the amaly-

'sés tebulated in Table V. Since the determinations were all run in

duplicate and the weights of the various elements did nob seem o
check, other methods .of removing the phosphg.’ce were sougilt.
Ano‘cher‘lcnown, solution was made for testing the accurac;;r of the
tin me’choé. ‘of removing the phosphate. The _lnibi’m contained in each 10
.c-c;, portion the foiiowing weights of Uea.ch“.‘ eiemeﬁt weilghed from the
material as indirca‘bed.. | |

Quantities Present in Knowm 10 cc. Portion

0.01" gm. Irom from.C.P. wiré

0,05 . gm. Aluminum or .3975 gm. AlClz.6H50

0.01 gm. Calcium or .0365 gm. CaCls«2Hs0

0.01 gm. Megnesium or .0846 gme MgCl,o6H,0

0.2169 gm. FPhosphorus or 1.440 gu. NalNH,HPO,.4Hg0 =

It was found that the iron was partially removed in some cases and




Table V.

Grams of Silieca, Iron, Aluminum, Calcium, Magnesium and Phosphorus

Pentoxide Found in Samples of Lamb* Lungs When Different

Methods of Destroying Organic Matter Were Used

Semple  Weight

of Method of destroying

nunber __ sample organic matter .3192 Fe ,A% Ca ‘ Mg, Po05
grams : grams grams grams grans grams grams
3 10,00 ash S 0.0020  0.0053  0.0030 0,6057 0.0063 0.2087
2 10,35 HNOg and HC10g 0.0027 0.0040 0,0089 0.0100 0.0066 0.2411
3 10435 sliming ~ 0,0040 0.0036 0.0024 nome  0.0100 0.2161
4 10,00 ash 0.0024 0.0072  0.0288 0.0108 0.0180 0.2175

#Three sets of lungs obbained from the meat market,; history unknown.
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entirely in others by the tin. Table VI shows the results when the
known contained the guantity of ingredients as indicated above as well
as when it con’bainedl twice as much aluminum with the other ingredients

remaining the same. The values obtained seem to indicate the aceuracy

of this method.

Table VII shows the fésults when determinations were run on the
same lungs using ammonium molybdate and tin methods of femoﬁing the
phosphate. As can be seen much better results were obtained by use of
the tin method. Great difficulty was encouﬁteréd-in the armonium
molybdate method in getting samples to check. The tin method is very
easily and quickly applied as well as giving good results.

E. Résults of lLung Analyses

Table VIII shows the percentage of each ingredient as_dbﬁained‘in
analyses of normal an& "lunger“ lungs. Tﬁe percentage is an average -
of two checks run on separate samples whose size is desigrated in the
table. In most cases the analysis of each set of“ 1ung§ was run three
or more times and the figures reached most freqpeﬁtly uéed in Table
VIII.

Tables IX and X tabulate the grams of éach ingredient used to ob~
tain the percentages iﬁ'Table-VIIIQ The size sgmple for iron and
silica wés the origiﬁal weight of the sample since these determinafions
were run before any aliquots were taken.‘Thé sizé sample for aluminum,
calcium, and magnesium was smaller because a 90 cc. aliguot of 100 ce.
was used. for their analysis.

Table XI represents the amounts of the varlous minerals in the
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Table VI.
Determination of Known Solution When Fhosphate

is Removed by Tin# -

Sample ﬁumbers Aluminum Calecium Magnesium
grams grams grams \,
1 0.0443 0.0100 0.0113
o 0.0494 0.0100  .0.0115 -
3 . 00405 = 00100 0,0111
2 - 0.0440 ©  0.0110 0.0113
5 .‘ " 0.0492 ' 0.0107 0.0097
6  0.0420  0.0104 00098
7 0.0940 0.0100 0.0112
8 © 0.0988- ° 0,010% o.012;:

xAnalyses of known solution used on Samples 1 to 6; inclu-
sives Al 0.05 grams, Ca 0.01 grams; Mg 0.0l grams. For
Samples 7 and 8: Al 0.10 grams and Ca and Mg same as above.
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Table VII.

Comparison of Tin 'and Ammonium Molybdate Methods for

Removal of Phosphéte in the Same Lungs

Sheep © Sample . g
number number Method used Aluminum Calcium  Magnesium
per cent per cent per cent
796N 1 Am. molybdate 0,010 0,482 0,073
2 Am. molybdate 0.016 * *#
3 in 0.017 . 0.063. . 0,062
4 tin 0,020 0,082 0,069
40F and 1 Am. molybdate 0,020 . 06560 0,070
1378 ‘
: 2 Am, molybdate 0.020 04160 0,100
3 tin 0,025 0,053 0,058
0002'5 ‘ 00058

4 tin

0,064

#¥Determination ruined because molybenhm.oxide formed

when caleium precipitated.




Table VIII.

Percentage of Moisture, Iron, Silica, Aluminum, Caleium end Magnesium
Contained in Iungs from Normal and "Lunger" Sheep

Size  Dry “Hethod of

Sheep of weight removing  destroying ‘
nurber sample lungs Moisture* phosphate orgenic matter Iron Silica Aluminum Calcium Magnesium
TR T A ' 7 7 7 % 7
o Normsl Lungs
444N 10 64 . 76,11 tin ashing 0,079 0,038 0,019 0,050 0,070
795N 12 78 7611 " " . 0,083 0,027 0,019 0.062 0,065
40F and - o ’ )
1575 12 65 72026 " " 0.075 0,018 0,025 0,053 04058
P-48 12 70 79.14 - L " 0,083 0,005 - 0.024 0,050 0,082 -
430 12 107 80,73 . " " 0,083 0,021 0,026 0,070 0,068
516 12 86 84,59 " " 0,063 0.011 0.017 0,054 0,072 !
D=-83 12 91 8137 " - 0,094 0,015 0,011 0,061 0.059 &
Average 78.2 79.62 - : 0,080 0,019 . 0,020 0,059 5.065
_ : : "Lunger” Lungs ) :
257C 12 231 82,75 b b 0,250 0.028 0,021 0,070 0,077
2578R 12 201 81.08 M " 0,170 0,037 0,020 0.0686 0,078
617D#xx 12 341 82,93 " " " 0.146 0.024 0,022 0.125 0,092
5578 12 315 81,96 " " 0.084 0,032 0,019 0,095 0,089
96D 12 230 80,78 w b 0,049 0,010 0.021 00044 0.080
A-60 12 360 82443 " " 0,083 0,004 0,013 00,184 0,092
Average ~ 280 81.99 00127 0,023 0,015 0,097 0.086

*A1] percentages expréssed on basis of dry weight, except moisture, which was wet basis.
*¥Total dry weight of lungs divided by 2.
#x*Sheep died and much blood in lungs.
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Table IX.

Weights of Aluminum, Calcium and Magnesium Found in .

Semples of Normal and "Lunger" Iumgs .

Shéep Size of Dry weight
number sample* of lungs Aluminum Caleium Magnesium
gms grms s gms gm;
Normal Luﬁgs ‘
444N 9.72 84 6.Q017 10,0045 © - 0.0062
795N | 10.8 78 0.0021 .0.006? " 0.0071
¢oﬁ & 137F%* 10,8 129 00,0030 0.0064 0,0070
F-48 10.8 70 00,0027 0.0053 0.0087
430 10.8 107 0.0027- 0.0076 0.0074
516 10.8 86 0;0018 0.0058 0.0077
D-83 10.8 91 0.0011  0.0068  0.0064
Average 7842 00,0020 0.0062 00,0069
"Iunger" Lungs
257C 10,8 231 0.0023 0.0076 0.9085
2579R 10,8 201 0.0023  0.0071  0,0082
617D 10.8 341 0.0024 = " 0.0134 0.0100
5578 108 315 600020 0.,0103 OoOOQé
96D 10.8 230 0.0023 0.,0047 0.0097
A=60 10.8 360 OaOOiG 0,0198 0.0100
Average 280 ‘0e0621 0,0105 0;0095

#fleights of aluminum, caleium and magnesium calculated on

same basis of size of sample.

**Considered as two sets of lungs in compubing average.
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Table X.

Weights of Silica and Iron Found in Samples of Normal

and "Iunger" Lungs

Dry weight

Sheep Size of .
number sample* of lungs Silica Iron
gms gms mgs gms
Normal Lungs
444N 10 64 0.0039 0.0079
7958 12 78 00052 0.0100
" 40F & 13T 12 129 - 0.0021 0.0090
F-48 " 12 70 0.0005 0.0100
430 12 107 0.0025 0.0100
516 12 86 0.0013 0.0075
D-83 12 91 00019  0.0113
 Average | 7802 0.0021 0.0093
"Lunger" Lungs
257C 12 231 00034 0.0300.
2579R 12 201 0.0045 00200
617D 12 341 0.0029 0.0170 -
5578 12 515 00039 0,0100
96D 12 230 0,0012 040052
A-=80 12 360 0,0005 0.,0075
Average 280 0,0027 0.0150

iWeights of silice and iron calculated to same basis of

**¥Considered as two sets of lungs

size of sample.

#¥%Sheep died and much blood in lungs.

in computing average.
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total dried lungs of normal and "lunger" sheep. These results were
caleulated from the data in Tables IX and X.

The grams of SiOz and aiuminum are represented in Figure 1 while
Figure 2 represents the grams of calcium, iron, and magnesium in nor-
mal and "lunger" lungs. The curves were made on the basis of the in-
creasing silica corfbent, in order ’c.o determine if the aluminum, iron,
Ica.lcium, or magnesium increased correspondingly. It is obvious that
these minerals do not follow fche shape of the silica curve. Therefore
these results indicate that the aluminum, calecium, iro:ri, and megnesium
are not present in the form of silicates. The order inm which the

lungs appear and the number used to designa‘i:e them in Pigures 1 and 2

are:
Lunger | ) Normal

No. 1 A-60 | No. 7 F-48

No. 2 960" : u No. 8 516

No. 3 257-C No. ¢ 40-F and 137-F
No. 4 2579-R © No. 10 D-83

No. 5 617-D Noe. 11 795-N -

No. 6 557-B No, 12 430

No. 13 444-N

Figure 2 showé that there is a general relationship between the
iron, magnesium and calcium content in normal sheep, while in "lunger"
lungs 'there seems to be only relatiénship between the magnesium and
calc_iu.m.

Pigures 3 and 4 based on the lungs as 'bi’ley increase in calcium
content also show the relationship of calcium, magnesium, and iron in
the normals, and magnesium and calcium in the "1unge-rs" o« The aluminum,

silica, and "lunger" iron do not seem to resemble any of the other

Y I T P —— 2
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Table XI.

Total Weight of Silica, Iron, Aluminum, Calcium and

Magnesium Found in Dried Lungs

Sheep Dry weight
number of lungs Silica Iron Aluminum Calcium Magnesium -
gms gms gms gms gms gus
_ Normal Lungs _
444N 564 0.0250 0.,0506 0.0112 OoOSOé ‘0.0408‘
795N - 78 0,0208 0.0850 0.0152 0.0484 0.0513
40F & 137F* 64.5 0,0113 0,0483 0.0179 00382 O»Oélé‘
Fe48 70 0.0029 . 0.0583 0.0175  0.034  0,0434
430 107 ' 0.0225V O;OQOO . -0.0268 0.0753 0.0733
516 86 0.0093 0.0538 '0.0143 0.0462 0.0613
D-83 _gl Q.Ol&é 00,0857 0.0095 0.0556 - 0,0540
Average 7862 0.0147 090625‘v 0.0163 0.0459 0.0510
"Tunger" ILungs o o

257C 231 0.0635 0.5775 0.0491 0.1623 0.1816
2579R 201 0.0754 003350 0.0428 0.1321 001526
617Dk 341 000825 9?4850 - 0.,0758 094230 0.3157
557B 315 0.1024 00,2625 0.0583 - 0.3005 0.2800
96D 230 0.0230  0,0997 00,0490 0.1001 0.2066
A~-60 360 0.0150 0.,2250 00,0533 0.6599 © 063333
Average w280 .- 0.0603 0,3304 ,Oo0547  ‘ 0.2963 002449

*Divided combined dry weight by 2 to get awerage dry weight of
each sheep's lungs, considered value as two separate sets in

determining averages. .

*¥Sheep died and much blood in lungs .
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curves. The significant factor resulting from all of these figures is

that the mineral combent is much larger in "lunger" than in normal

lungs. J

The lungs were arrangéd in Figures 3 and 4 according to their in-

crease in caleivm and are represented as follows:

Tunger : ‘ Normal
1) 96-D 7) 444-N
2) 2579-R ' : : 8) F-48
3)  257-C 9)  40~F and 137-F
4)  557-C 10). 516 '
5) 617-D 11)  795-N
6) A-60 : 12) D-83

T 13) 430

F. General Dj.scussion

A large part of the work dpne on the present problem was confined
to experimental work on methods of aria.lysis. Of the ‘variou's. methods
of destroying the organic matter which were tried £he ashing;lmethod
was the one epplied in the analysis of the. lung sampies. The nitric
and perchloric acids method of Smith (37) gave good results as well
as a rapid method of I"idding the material of the organic matter present‘..
This method is advanbtageous in that for ‘a silica determination the
solution does not have to be taken to dryness in order to dehydra'be the
silica. The silica contemt by this method uéua’lly checlked wi'l;,h that
obtained by ashing @d dehydrating.three times 'W.'!.th‘HCle The reason
that the nitric and perchloric acids method was not used in"bhe analysis
of all the minerals sought in this problem is that thé perchlorates
formed interfered with the tin method of removinig the pho.spha’ce. .Smi‘ch

(37) claims that for such determination as sulfur, phosphorus, etc.,
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the nitric and perchloric acids method is ﬁxo;'e accﬁra‘ce 'bhan ashing
since in the latter,.if proper precautions -are not taken, thesé ele~-
ments are volatilized a:nd loste.

The experimental work done on thé methods 51’ removing the phos-

phate tends to .fa.vor the tin method over the ammonium ‘molybdate me-

- thod. The tin method of removing a large gquantiby of phosphate in

presence of small quantit'ies of é.lumﬁ.num, calciwﬁ, and magnesium gives
accurate results as Table VI shows. Two grams of tin were sufficient
to remove all of the phosphate in a 12 gram- sample of the dried lung
ma’cerial. The phosphate precipitate must be washed well so as not to
lose any of the aluminum, caléium, or magnesium that meay v‘;end to adher
4o the precipitate. TUsually 1o tin was present in the filtrate, but,
if such were present, it can easily and c‘omple‘bely be removed by
saturating the filtered solution with ﬁzs.

One of the most importént factors that dé‘s‘,erves much attention in
removing the phosphate by the tin method is that of having no free
chloride ion or HCl lﬁresento ‘T,hése seem to hydrolyze Tthe precipita‘bé‘
formed and thus not render -‘che' separation of phosphate complete. The
phosphate precipitate may be con;slider‘ed either as a stannic phosphate
or as a metastannic acid with the phosphate adsorbed wi’chin’ it. Ex-
perimental evidence seems to favor the last named because the amount
of phosphate removed by a ;:er'bain number of gramé of ¥in is not con-
sbant. If it were consbant the evidence would point to a definite
compound, but since it varies it appears "bo‘ be an adsorptioﬁ reaction.

Iron in small gquantities as has been found in the lungs analyzed seems
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to be largely removed by the tin. A test for the iron content before
and after the removal of the phosphate‘showed that in the former case
there was sufficient irom to be measured, while many times in the lat- T !
ter case there were only tracgs.‘ The alumiﬁum.did‘not seem to be af- 
Pected in the same way as the iron. The various results on a known solu-
tion show this to be true.

The general method for the iron determination was according to
Official Methods (I, XII, 7). This determination was made in the pre=-
sence of phogphate and no diffiéulty wa.s éngountered_with‘the‘color
fading which Elvehjem and Hart (11) noticed. These investigators used
KinOy instead of HNOz to kéep the iron in a ferric state, but bebbter
results were obtained in the present problem by usiﬁg HNOz« In the
iron determination're§orded in connection with this problem 0.5 cc.
of concentrated nitric acid #nd 1 cc. of KCNS were added to both the
known and unknown iron determinations. The color of the ferric thio-
cyanate formed did not fade and the accuracy of the méthod was proven
by a known determination. |

The applications of‘the methods were kept as uwniform as possible
throughout the analysis of both "lunger" and normal lung samples. The
total average percentage of aluminum and éilica recorded in Table VIII
seem to be sbout the same, while the average percentages of iron, cal-
cium and megnesium seem to be higher in the "lunger" than in the mnor-
mals. The largest difference seems to be in the percentage of caicium.

One of the most significant differences between "lunger" and nor-

mal lungs is the larger size and welght of -the former. The percentage
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of moisture in 'l:he'tvro Ms about the same, but the weight of the dried
"lunger" lungs. is between three end four 'bimes larger than the normal.

When the weights of the wvarious minerals.‘found in the samples are
calculated per weight of total lungé as Table X shows, the. content of
the various minerals in the "lunger" lungs were hiéher than in the nor-
mal lungs. The silica approximstely 4 times, the iron about 5 times,
the aluminum 3,~ calcium 6, and the maénesium 5 times their corre.spond-
ing value in the total normal lungs. These ‘all seem to increase 111 a
higher proportion than does the dry weight.

From these results it can definitely be seen that there is an in-
crease in the mineral content of "lunger® over that of normel lungs.
The difficulty exists in distinguj;shing whether the higher mineral con--
tent is due to inhaled dusts or p.athblog;ical .depositse A furthsr patho-
logica;l. study which is beyond the scope of the present investigation |

may decide this problem.
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VII. SUMMARY

Both the experimental date for the testing of the methods of anal-
ysis and the actual results when these methods were a.pflied have been
included in this problem.

l. The "sliming", the nitric and perchloric acids, and the ashing
methods of remo%ring the organic matter have all been tried and the ash-
ing method uéed because 6f its applicability to the problem. Qccasional-
ly the nitric and perchloric acids method was used to check the silica
conbent as procured when the ash was dehydra'i:ea with HC1.

2+ It was found that the phosphéte had to be removed in order to
make accurate analysis. Both ,tiﬂ'e ammonium mqu‘lf)date and the tin methods
of removﬁ'.ng the phosphate: were “cr:i:ed, a.nd: v"c'he lebter found the more ap-¥
plicable as Wéll as giving the bet‘tervresul"cs.

3. The tin method of removing phosphate has for the first time been
shown sa‘bisfactory for quantitative work. Table VI éhows its reliability |
in presence of relatively large amounts of phosphate a.nd. small amounts
of Al, Ca, Mg and Fe. The molybdate method ‘does not seem to be satis-
factory (see Table IV) for the material in quéstion where smell amounts
of Al, Ca, Mg‘ and Fe must be determined ‘accura;te‘lyo

4. One of the most oubstanding. differénc:es vobs.e,rved between nor-
mel and "lunger" lungs is that of the heavier weight of the latter's
dried ma'berigl: Although the percentage moisture is about the same in
both cases, the "lunger" dry weight is 3.7 times heavier than that of
the normal.

5. In the "lunger" lungs the calcium is gbout 2 times, magnesium
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about 1% times, and iron dbout 2 times as much as in normal lungs of the
same size .dry sample, while the silica and aluminum coirl:eqat seem to be

about the same in both cases. When the weights of the mineral content of
the entire dried lungs were caleulated they were much greater in the dis-
eased than in the normea.l lungs. The average of the mineral content of the
total dried "lunger" lungs contains approximately the following over that’
in the normal lungs: silica 4 times, iron 5 times, aluminum 3 times, calcium
6 times, and magnesium 5 times.

‘6. Sinece blood c‘ontaizhls considerable iron and calcium, the quantity
of these two found in the -analysis of the lungs would vary with ’che‘
amount of blood present. The excess blocsd in the lungs was kept very low
by observing precautions when ‘removing the lungs from the sheep so as to
keep ibs content as low as possible.

7. It is beyor;d; the sc‘o'pe of the pfesen‘t‘problem' to make any conclu-
sions as to whether or nof the inc‘rease in mineral content of the "lunger"
over normal lungs could be the cause of the "lunger" disease of sheeps To
determine Wilether‘ 'i;he inereased mineral content is due to inhaled du's.‘cs or

pathological deposits is also excluded from the present investigations
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