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The quaniitative determinatica of the nitrogen cuntent of orgenie

subetanest Des been one of the most extsnsively studisd subjecis in

i

wodern anslyticel chamistry. The Dumss &eﬁh@ua sven though it is

wi

outetanding for its seocurssy snd genersl aprliesbility, hes btean found
to be too time consunming and diffienli to be extensively sﬁpiiaé to the
many nitrogen anslyses that are necessary in biologies] work, ¥4 has
herafore In more receanl years besn used rrimerily Ffor shecking
procedures of nitrogen enmlysis and for ﬁigﬁa gen analysis oo gubstancesn
that are not swendsbls to the more simple procsdures
ﬁgaldahia wae the first worker 3o devise & method of guantitative

spalyeis for nitrogen in biologiesl substences that was univerasslily

seeapiable and yot ressonsbly simple. This sethod consiste of two well

= - " % - . WY P -~ Al N
dolined progedures. The [irsed consiste in the digestion of the substance

to free nitrogen from itz bondes with other atous and form ampsnivm
sulfste. The sseond prosedurs involves tue an&nti%&tiv% deterninetion
of the smmonium sglfste nitrogen contained in the dipestion mixturs,
There have bpesn meny modificetions of both of these ztepe to mest
apagisl analytioal needs, %o mveld complex manipulations, to save tims,
and $o edapt the method €0 the determination of miero Q:antiﬁias of

4 w8 5 B IYs i s k. e o ey sate Tt RS - o o v & - R & -
nitrogen. ith respeed to the digesticn process (hs modificetions are

“ i oy s BT x e i o TR 2 o vy e~ . & wren B o
for the most part limited tc various types of resgents and catalyeds
used %o enhunes the digection process. It is pot $he purposze of this



since there avre slresdy zany escelient disguasions of the sublsct. I%
doss seen worthwiile to mention nome of the Limitaiions of the Tjeldahl
method bhst may be snoountered in biglogicel anslysis. Iudlsy and
Qﬁki&s have nolintaed oubt thet compounds of the pyridise, pipersdine,
quinoline, pyremole, and pipearazine typss are sll resisteant 3o the
ordinary Ejeldenl suifuric meld process, Accordiang to thess muthors,
these somnounds routinely give low results unlsss spscial precsutlions
sre taten Yo inoure somplete digention.

The determinstion of the nitrogen thet is contsinsd in the digestion
mizture as smmonius sulfate may be sceonplished by four different
procaduras, The nitrogen may be determined by making the digestion
mixture alkaline asnd Cietilling the libsrated smmonis into & receiving
vessel conteining stsndard sgif. The nitrozen iz then estimeted by
$itrating the excess of standard mcid or by ﬂ&galariziag the eeid
solntion. A socond mathod iz to rewove the szmuonie from the slkalinized
¢igestion mixturs by asretlion. In thls methe? the smmonis iz csrried
inko an aeld receiving solutlion by & streanm of air bubbling $hrousd
the two solutione thue gliminsting the boiling rrocese of distillation.
The nitrogen in this inslence iz deterninsd either by titrating or by
nssslericing the stsndard meid splution. Thevnitragaa contained in
the digestion mizture mey be deternined by directly nesslerizing the
digestion mizture, end im %this wey eliminate the procedurs of removing
the smnonia from the digestion mixbture. The nitrogse content of the
dipestion mizture may alss %8 deterainsd by freeling the mizture with
godium hypobrozite snd volumetrically detsrminipg the nitrogen gas
formed.,

The original Tjeldshl procsdure cirested that smronia be removed
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Prom the digestion mixture by making alkslire snd then distilling irte
standerd meid solution, 7he nitrogen wus then determined by $itrsting
the wmeutrelised neid with slkell, This methoé hus proven itself, with
ouly slight modifiestion in apparatus, to be emtirely relisble end
asourate. Willer® demonstroted that this distillation procedure gave
2 negative error of as much 28 1,26 per sent on ssmples cemteining 36
mg. of nitrogen. No claimed thet the errer is due te loss of ammonia
et the start of distillation due to dilutien of the mmmonia gas with
air end ineffieient sbserption by the reseliviny ssid, He proposed a
delivery tubs with 8-1C perforetions in the tip to glve betfter dlffusion
of the arwonis in the seid rzeeiving solution and thus gliminsie the
error., In gener=l it iz accepted thet the distillation technigue will
give rogults with less than 0,25 per cent erver on sameles containing
as little 2s 1 mg. of nitregen.

The distilletion procedure does lave the Pollowine disadvenitages.
1t is wery tire consuring. It requires cuwbersome eppsretus. It is
prone to sxplosive type boiling with loss @f’%he.ésﬁerminaﬁiaum Tolin

nd wrighﬁﬁ modified the apraratus to aveld these difflculties. These
workers used & simple glass "0 tube es dietilling head to distill the
grmonia into the seld solutien. This prosedure requires enly 30 winutes
Pfor the determinstion of macro awocunts of nitrogen in urine and gives
results thet sre sufficlently sceurste for clinical purpescs.

Polln aud ?mfmarﬁ and Tan Slyke and ﬁmiian?

agdapted the serstion
method o the removal of emmonia from the digestion mixture. In this
method the smmonis is cnrried by s surrent of air from the digestien

flask into the asid reseiving sclution and the nitrogen deternined by

aither titratior or nseslerization. Van Elyke and %alleﬁa later pointed

out that much of the ammeonie 1s leat 1 the air currsut ig toe rapid



at Pirst or if the delivery tubs 1z not placed deep into the aeld
golution. Tith thesse precsutions the authers nowpered the serstion
and digtillation prosedurss and found wo sipnificant Aifferenss in
the ageuracy of the twe mothods., This meratien method 4id eliminate
tha §ifficulitiss of manipulation ensoumtered In the distillation method
but 1f snvthing, lengthened the time required and wae not any belber
adapted for the use on miero quantities of nitragen.

in genernl strong acids such as hydreehloric and sulfuric heve
been recormanded for the shsorption of ammonia in both the distillstion
and seration mwethods, Stever and Sﬁndmg vropoged the use of borie
acid for the absorption of ammonie im modified Kjeldshl wethods, ¥Na
and Zﬂﬁﬁgﬁle arain suggested the use of boric meid for the sbeorption
agent in nitrogen determinations, Thess authors alse rangrmended tha
uze of & mixture of browaresol green and methyl red ss the indiester
for the %itm%im of boric acid solutions einee it gives & move digtinet
and point, The method eliminetes the use o™ # standard sodium hyd roxide
solution and requires only two minutes for the abeorption of amwmonis.
Results showed an asgumasy involving less than Tive per eent error on
samples sontaining only 0.5 mg. of nitrogen. Sobel, Yuska, end {Eﬂh@nﬁ“
proposed the use of boric aeid as the receiving solubion for emsemie
in the seration method, These workers rsccmmended a wmixbure of methyl
rod snd methylene blue &‘a indiestor for the scid ‘titretion and obtained
nitrogen recovery with less than two per cent error on smmonium sulfate
golutions sontaining 1 mg. of nitrogen.

The f4rst widely used colorimetrie procedure Tor the determinatiom
of nitrogen was proposed by liesﬁerl‘?‘, In this methed an sllkeline
aquecus solution of mercurie chloride and potessium iodide is used

whiech in the presemee of nwmonium fons forms o compler mereury mrmoniwe



iodide derivative. This mercury-amwonis complex gives & reddisb-yellow
solor $o the scluticn the Intspelity of wuiich iz proportionsl to ine
emount of amnonie present, This first method nad msny dissdvantages.
The solutions becams turbid, a@mgr nitrng@ﬁ samponnds gave felse colors,
the mercury smmonium iodide complezes wers nol sisble and frequently
precipitated, 'inklar" modified tno resgent by using mercurie lodide
instead of mercuric ccloride in an effort to make Hessler's soludion

14 falt that ezees: of sulfete ion in the

more stable. Tolin and Denis
digestion solution eceuses furbidity wien dirsct nesslerizstion is
attenpted. They suggested using s digestion mixfure of three psris

phosphoric seid to one pars Lluric acid to avold this in urine analysis.

Lo

These workers also found ithst incressing the ratio of poteseiuw jodide
to mereuric iodide, and wdjusting the pi of tue digestion miziure to
approzimate neutrelity befors nesslerizing gives elearer and nore
steble solutions, Vith these modificstions Folin ané Denis cbtuined
results which sgreed clodely with those by tL- Kieldaal distillation
methods in the ecsaples range of 0.7 to 1.5 mg. of nitrogen.

Folin and ?&rm@ré found that if the Nessler-iinkler sclution is
Giluted five timae with wetsr it gives less turbid results wahen sdded
$o the scid receiving solution of the aerstion or distillalion pro-
safures. TFolln zud ﬁ@nislﬁ recommended that this same typs of indireet
nesalerizetion be applied to the determination of ths nitrogen constit-
sents of blood,

iin end Denis procedure, obtsinsd resulis on

e
Q

18 . .
Tgtears , using ik
sgmples containing 0.1 =g. nitroges thel showed less than 5§ per cent

i ’ v
GTrOre Hotk snd Beneéigtl

campered the Yolin sud Fermer necslerizstion
mathod with Fjleldahl distillation snd found an sversse wsrietion of 1D

or cent. These men felt that part of this discrepency wes due o o
P ¢



1-2 por cent unevoldeble error ia colorimeiry.

Roee and Iﬂahm suggested ths use of caleium phosphate g2 an
agent to prevent turbldity in neselerized solutions. L@amym naad
gum shettl as a protective colloid to stedbilize nesslerized solutions,
This sgent had been previcusly sngseated by ?@}_mg{} for stabilizing
the colloide in sugar determinetions, However, gum ghatti gsve srr-
cneous resulte sincs it chenped the color of the resuliing Solution.
’?fmggl proposed the uge of persulfate for &igestion in direet nesslevs
jzetion methods sinee he foumd that it prevented turbidity esused by
the dissolved silice formed by the usual phosphoric meid digesticn
mizture. Sinee the directly messlerized solutions of Folin were usually

tinted gresn Kltrrﬂ'

usad & stenderd somparison sclutlion eontaining
iron, nickel and cobalt salts. This standard solution hes 3 gresnish
tint corresponding to the nesslsrized solutions and iz read sgainst
the sampie in & visual eclorimetar,

Eooh end ﬁ@ﬁukiﬁ% ehenged the lodide-iodine ratio and alkelinity
of the Nessler-Folin reezent, and found that this solution is slightly
sore sensitive and lses likely to ceuves turbid sclutions then the
original Wessler-Felin selution. These suthors also suggested the
use of T0 per cent hvdrogen peroxide in the &digestion process. They
eleimed thet it slse helps prevent turbid solutions. mxzangs@f%‘%
recommended 3 per cent in place of 30 per cent peroxide for the digest-
ion process, This euihor also indiosted the importance of correecting
the nitrogen values %o allom for the nitrogen contained in ihe aceten-
31114 ussd to preserve iie poroxide.

“ﬂia&s% found that the ¥Yoeh aand Melleekin Hessler reagent could be

made from wercuric oxide instesd ef merouric iodide with & considerable

docreasy in soak,

P



&

7
26
Barpratt felt that %

¢ turbidity of nesalerized solutions is dus to
sence of reducing substanses im the
an oxidizing sgent, %o the ¥eseler
gjv

slso fa

the p

mizturs, and added hypochlorite,

soeiution o counterant this effect.
Genteiow 1% that turbidity ie

rE

dus $o reducing subustences and

17ate a2 an oxidiging og

tum gluconste ov tartrais as reducing egent to pe
the eflect of persuliate.

suggesstad using potessivy pex
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snt and elthay

réielly sountsract
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This suthor also demonsivated thet the solor

intonsity of nmesslerized zoiutions is proportionsl 1o the smuonie conesn-
tration only mhep & light of anmﬁiﬁnyklava lengith is used,
= 28
Hoffman and Osgood |

found that the color inteusity of pssslerized
polutions wvories with fthe time that 4

they are &

s

1lomed to stend, and ®ith
the amouat of MNesslar® solution used. These suthors slso suggested
filtrates mde with % 1lercsestie soid whon nitrogen is
deterwined by direci messlsrization
22

ion with the “peh end MNeleekin rsscent.
Dshn pointed out th

mschanicel end optical errore of viewal ecolor-
imetry and showed thet unless care is taken to eliminste these sn

acenmulated error of 10 per ceand might occeur.

. 50
&Allon and Devisson
compered the Folin nesslerizetion procsdurs witl

method

i

the titrametrie

Iy ‘
and seme to the following conclupionsz,

o

(i guantities of nitrogen
$ 0.6 titrametric asthod

gives results with less

e OF o¥er the
D4

per sent error.

than
The nessisrizetlion procedurs gives at lesst Z per
eant error on 0,0 myp. samples end %

$his srror incrssoses & the size of
ample incresces,

g

For semples conlaining less then Q.

:a rf'*-:e
gives more asccurale resulis thsa $ilratiocn.
Bven though {he resetion

of sodium hypobronite with awumonis to
glve nitrogon zus has Hnown

unti

fact

for over Cifty yesrn, it =nes not
- o, 5 31& 5 '3 «
1620 that Stenle irat tils reaction Yo gsoomedric
nitrogen snalysis. In bhis wmethod

d he rescied tho ficesiion mizture with



sodiam hypobropite and measured the mmmunt of uitrogsn gos in the

Yan Slyke eerbon diczide apparstus., Yith this wmethod he obialned
resulte on 28 mg. samples with less thon 0.2 per cent errer. n e
leser publieation S%-nlaﬁ statad thet coppsr suifzte in the digestlion
mizture snd sn exssss of bromine in the sodium hypobromite solution

S . , : 33
iiberste oxygen whish gives hizh results. VYen Elyhe  demounstreted

jit

that this methed could be used for mlerc anelysis of nitrogsn end
ohisinad nitrsg&n TRCOVaYy ?iﬁhylﬁﬂ& then one par cent arYor o ammoh~
tum sulfste samples ecoutaining 1 mg. of nitrogen. ﬁ&uwénhy@:am%‘
applied the hypobromite resction to the deterination of blood awmoanlie.
In this method he trested 1 c¢. of blocé with borex, seratad the
amonia into an acid recsiving sclulion, and detsrnined the amucnis
nitrogen in this solution by the hypobromite metnod.

The ganscmstrie method is one of the most aceurate prosedures
for dstermining botk macrs sad miero smounte of nitrogen; however it hes

not bean of wide elinieal spplicstion sinee the skill required to gper-

ats the spparatus canmol be resdily msstersd by the ordinary techunisian.

THE DETEAMINATION OF UREA
e 4] . e - .
Bunsen  first showed thet ures docomposes into smmonis and sarbon
- N
diozids when it is hemtled. Eeae@ict”ﬁ mede use of this Tect for deilsr-
mining the ures concentration in vrine when he sutocleved the urine with
megnesiun enloride at temperstures of 180-170 degress centigrele, distilied
the ammonia into ap meld rsceiving solution, and determined the ammonie
g % B4t 4 1] -hgi? <

by titrating the excess scid. BDenedicl snd Uephart  showed thet magnes-
ipm ehloride 13 not s good resgent Tor this method vecsuse it does not

complately liberats the evmpnia from the urins sul usuelly contains

E,

Grnid

- & s e Do " L . 3 5 o
amsonie 85 8 contaminant. These suthors used hydroshlorie acid



of magnssiun ehleride Lo aveld these difficultiss and obiuined results
with less thoen 1 par ecent srror on sumples contsining 50 mu. of urea.
Fober  sleo demomstrstod thet it Is extremsiy diffieult to complolely
distill smuonile frow solutious conteluing esleiuw und mmpmesius dus to
the formmtion of sumonium complexos with sslls of thess nstsls,

-M'w.rsg 2 =Y . = o = =

Folin  ussé potassiue soeiote for hydyolyzing the wren Iin urins in
an effort to aveid dscosposing nitrogenous substsnces othsr thun urss,
In this method the litereted amsonis iz sorsted into an acid receiving
scluticn, end ihe nitrogen estimated by either fHitrsiion or nesslerization.

» e 15 - & . g .
Tolin end lennis™ used this method on blood flltrstes for dsteraining
blood ures comesntreiicn, Folim and Iu ryecommended hydérochlorie seid
for the sutoclave procedure but fell that it geve high results due to
" " " r . L e -
the decomposition of other nitrogsncus asteriasl. Olark snd Celilp A
later showed that the hydrochloric s2id met o of Folin end Yu does not
eeuse hydrolysis of pon urss substanges in blood filirstes. Lieboff
€ 48 Ay x4 4 1 & = g o e s -

end Eshn  used sulfurie seld tec decounpose ures in blood filirstes and
deterained the nitrogen in the vesulting sclution by direct nessler-
ization with the Yooh and MeMeskin modiffestion of the Nessler solubion.
Those suthore obiuined reculis that were sbout B per cent nigher then
those obteined by other methods,

%&r&halléﬁ

used uresse in fthe upentitutive deterninstion of uros
by petimating the smpount of smeonie formed by lie enzymatic hydrolysis
of yres. In this maiiod the smwonis 16 determined from the fiffsrense
obtzined by seld titration of the samplss hefere end ufter hydrolysis.
¥arshell cteted thet this method gives less them 2 per ecsnt error on

- - - " » E ! &8 | = 2 .
both known ures solutions and urine. Marahsll™ later used Y¥olin's

gzration procedure for removing exmonis forsed by the sctlon of ursucze

snd deternined It by titrating tas aold recaiving solutiop. Cn B mg.
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samples this method gives 2 mlximum error of five per sent, ¥Folin and
F*ﬁ"-s-ri‘-mfgfﬁ suggestod using =n tnti-toaping rod and an coti-foam agent
in ths asration method to avald fosming,

Van Slyke and ﬁail-més gemoustrated thet both temporature und pH
affect the rate of ursasze action and recommendsd the use of s phosphate
buffer in the ursase proscedars. %‘iahmn found thet whole blood gives
hizher urea m:’;ms than blood Piltratse when the uresse wethod is used.
He attribubed these high wnluves on whels Rlood to the ursass hydrolysis
sf non area subztences sontainad in the rad blood eells and conzliuded
that blood filtrates should be used fov Dicod wrea determinations.

A3d12™ found that blood spocimsnz thet are heated befors sneymedbie

L3

hydrolysie give lowsr ures sitrozen levels then non heated zpseinens
He attridutes this discrepansy %o ths suzywe, arginsse, wvhich bacomes
fnuctivetiod by heabing. ﬁm:z:ll‘g degoustrated the presense of two
evmonie forsing enzyrmes other then uwrease in jack bean meal, One of
thees eusymes iz present only in fresh uresasze preparation, while the
second can be demonstroted only afier the preparmtion hos become 48
hours old. This sothor fesls “het these twe evusymes account for the
factors discussed by Dehrs and Addia. Bince ursase preparations centain
theze two enzymes, Howsll sugpeste using oresse solutions that are not
less than five and not over 20 hours old for guan -‘;S.mi:im urge estimations.
8% . i

Folin and Youngburg propossd a method for determining ures of
urine in which the ureosse is purified by sdsorptisn with perrutit and
then the sample is hydrolysed with this purified ursase and the ammonia
is deterrined by direct nesslerization. Felin and Enm found that the
direst sseslerisation of blood filtrates following enzyvies hydrolyeis
gives srronsous colors due ic the presenmce of amlne aclde end oreetinine.

@ A
garr " daterrined the ures nitrogen of bloed by uresszs astion on Follm



[
ford

and Yy filtrades followed by nesslerisstion. Iao this procedure ke
uzed & comparison standerd mmde with eobelt, iren, and nickel selis
since this soluition move nsarly mstched the color of the nesslerized
blosd {ilirates,

o gevoid turbhid soluiicus @ruﬁkinﬁl sugvaetienlly hydrolyzed the
uras of whole bdlood snd then divestly nesslerized s tungstic scid
filtrete preperad from this blood. Taylor and 3zuir§3 ragomsenied
Polin and Younghburg's purified ursass in the Gruskin procedure.

Taylor, Hayes, and ﬁaiﬁlﬁﬁ made bungstie soid filirates of urine
following omzyme hydrolysis snd obtained clsarsr nesslerized solutlous.
Hoffmen 2nd ﬁsgpméﬁi folt that Folin-Fu tungetic scid Tiltretse glve
turbid sclutions when nesslerized end resomuendsd Tilirates prepared
with zine sulfate snd sodium hydroxide. Theme suibors obialned less
then £ per cent srror when urea determinetions wers made on 0.2 0.

of whole blood. Vsing tungsiis secid filtretes of blood, ureass, snd
the Foch-MoMeekin resgent for dirset messlervization, Sure and Hiidurﬁﬁ
abiained resuits with less thas § per ceni error inm bleod urea estiam-
ations. Hindmsrsh and Priuﬁtleyﬁé sombined the sevation mothod wish
peselsrizetion of the recsiving sclution end obtsined lese than O per
gent arror on D.1 o¢. blood samples. Fiﬁnhlattg? an 8 large seriss of
deterninetions eompaving the eeration-peselerization meothed wiih direct
nssslorization and concluded thet there is no significant 4Aiffersnce

in the acouraey of the two methods,

Hirkiaﬁg wes the Tiret to make urea nitrogen estimstions by
measuring serhon dloxids lidberated %y tha action of uresss, Using

thip wethod he wss shle to obfein results that deviated no more than

=

: C X : - o -
2 par sent from thoss obtsined by nesslerimetion. Van Zlyke adaphed

this method %o his special earbon diowide apparsius and obtained results



with less than 1 per cent error on 0.2 es. samples of bloed.

In the presenes of sodium hydroxide urese resets with sodium hypo=
bromite te glve nitrogen gas, sodium brovide, sodium carbomate, and
waber. s':ah:m“ made guentitetive ures determinations orn urine by
msuriﬁg the nitregen gas formed by this resction. The results with
this method were Jei por aent hirsher then those obtained by the seretion
mothod, Mensul®® elaimed that this reaction 1s not guentitative due to
the formation of oxides eof mitrogen. E’t@iﬁ;gﬁ lzter stated that he
gould not verify Memaults iax‘".t and that nitrogen oxides are neot formed.

Van ﬂymﬁﬁ

sdapted the hWypobromite~uren resstion to bloaed ures detere
minatlons and sbisined results with less than 4 par cent srror on § ee.
of tungstic anid filtrete. Oud-Andresen®™™ wsed sodlum hypobromite to
1iberats nitrogen from the sceid receiving soluticam in the digestiome
asration preeeduma. Using this method on blood ssaples of 0.06-0.1 se.
he obbrined results that were not over 1 per sent in érr«:-h

Yieah and ‘Luﬁ‘x“

ostimeted the ures concentmtiion of blologleal
materials by precipitating the wrea from tungstie aeid filtrmtes with
xauthydrol. This precipitate of dixanthydrel urea is dried and weighed
on an aaelviical Talanse, ?hg method 1z lesz than 1 per sent in arror
on samples containing 4-12 mg. of ures, IMB?.‘“ jater pregipitated urea
in the same meaner but determined the amownt of dimanihydrel mrea by
titrating with standard potassiusm permngenete selutlon. He used this
wothod on sawples sontsining 0.1 mgs of urea and ebtalned better then
95 per cent recuvery, Mtieg? progipitated dimenthydrel uren from
tangstic aeid Filtrates, then redissolved the presipitate snd estimated
the ursa concentiration of the yellow solution by comparing it in a

visual eplorimeter with & ures standard trested in & similer fashion.

Using this method sumples sontelning 0.02 mg. of uren wers ansiveed



with an srror of less than 3 per cent.

Brmsb§ﬂa troated wres with 43acetyl monoxi-e in hydrochloris seld
golution, Intersifisd the orsnge color that wos prodused by adding
potassium persulfats, and estimated the urea concentration of the
solution solorizeterieally. Using this methed on I ca; of tungatic
geid filtrats he ebiained results that devisted less than 2 per cent
from thoss done according te the seration procedures of Van Elyke and
Cullen. Bven though this color reaetion is not spesific for ures he
Pound that the other sclor predueing substences such ae methyl ures
and sitrulline give red eslore and therefore do uot Interfers when a
photoslectriec coiorimeter is used. Berior®® modified the method by

uelng sulfurie rather then hydrweehloric asid end by adding potessivm

prersulfete to the hot selutlen In erder to develep the color wore
rapidly. With those modifications he wes able to get good resulie
using only 1 se. of filtrote.

THE DETERMINAYION OF AMMOEIS

The deter=ination of smmonis as well as ures and tofal nitrogen
of urine has wmdergome muny modilisutions.

Sahlaaaﬁg?ﬁ detersined urinary msmonie bs placing the urine whieh
had been made alksline with ealciﬁmAhyérnxidG under & sentainer of
hydrochloric aeid in & sealed bell jar. After about twelve hours
ameonis nitrogen was estimated by titrating the exeess hydrochiorie
aeid. Folin'l setimated urine szmenis by adding magnesium hydroxide
to the urins and 4istilling the libernted ammonia into an escid receive
ing solution and titrmting. shaf?er?E pointed out the insecuracy of
both these methods and 1ﬁtar’zﬁ%arﬂﬁ deronstrated the inmdvieablliity

of distilling emmonia ia the presence of esleium and magnesium ioms,

p = =
?ﬁiiﬁ?‘ jater desceribed & method in whioh the urine is made
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alkaline with sodius blosrbonete, the libersted amnonis serated inte

e

F - - o — . add s 4 o i e e ¥ sum %, e
atandard anid, wod the nitrogen ealimmted Ly titration., Shelfer

w

74 ,
wadiTied the Boussingsuld = waswes Jdistilletlicon procedure for devern]

ing urine smmonis and obbalned exesllent resultis. S‘imel“ ghowed that
*he Fellin mtﬂan uging sedivm bliesrbonate did not coempletely iiberuie
arxwonie fren wemesine eansoniee phosphate present in the urins. Inm
the place of biearbomate he rocovwended sediun hydroxide in saturated
sodlun elloride, ?&im " later ﬁmm‘w out that the saturstsd sodium
ghloride solution supgested by Steel did aobt completely prevent de-
somposition of other nitrogevous snbetencee by sodive hvdrexide, Thiz
mathod herefore guve erronecously high results and he suggestsd adding
noteenive guelales to the sodluw abhiovide reapent. Folin and Mal aelfum?gf
Lhen propesed & wmixture ¢ pobuszium oxzlate and potassiua varbonate
for liberating urine sweonle, Pelin and ‘:ﬁmzm lat; rasosrended
potsssium oxelate and potassium enrbonate mixture for blood asmonia
delarninetions. Tee and im.vigﬁ dezipned a spocial mcuum seration
apparalug snd regommended an slooholie selution of godiws hydroxide
for 1llberating urine aseonis.

Randewar nad St:haibla?g deterzined the nmmonis in bislogiesal
materieles by pleoing hydroehlorie asid in a sontainegr surroundsd by
the sawple alkelinized with poinssium carbonate. The dish is then
soversd, pilnced in 2n ineubator at 38YC, fer 1.6 hours, and the ammon=
in dotersined by titrating the aeld. These authors sbialuned betber
than 95 per cent recovery on samples soniy izxzng' 0.02 25, o azmonia
nitrogen. Emmga propased & simple methed for sstimmiing urine
ammonie, ITn this wethed ihe urine is mmde neutral to phenolphihalein
with sodiunm hydroxide, neutral formmldebyde is added snd the wvrine

titrated baok to the end point with sodiun hydroxide. Ths swmonia
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nitrogen is ssiimated fyom the codiwn hydroxide usad in the sscond
titration. The suthor suggosts this mothod only for cliniesl use
since 1% is not e® azsurete, but is more repid then other methods.

Gr?ﬁi proposed 8 colorimetirie procedurs for determinieng the ammon-
is concentration of urire. In thia method phenel is added to urine in
the presense of sodium hyrochlorits and the resulting blue solution is
compared with an smmonium sulfete standard trseied similarly.

The colorimstriec method of direst nesanlerizetion has alsc been
spplied to the dateraination of emmonis $n vrine., Jolin snd Be&ialﬁ
need ahéreaﬁl to adsorh g wmonia from urine and then libersied it froam
the gharsoel with sofinn hydroxids and estimsted fhe omusnis nitrogen
by direct nosclsrizstion. Folin und B&llaz found that persmtii, &
grude slominom sfllcste, was bhetier sdepted than sharcosl to the sdsorh-
tion of ammonls.  Using this spent they mede urine ssmonis dstermia-

< B3
ations with lese then 1 por cont errer. Sumper estimsted the
smronis nitrogen of wurine by precipiteting the non samonia intep-
fering substanses in wrine with slksline copper &ﬂifﬁtﬁ; and direotly
nesslerizing the remsining solution.

From the preseding discussion it is apparent thet s rapid and
acsurate method for determining totel nitrogon, ures, and amsonia in
biclogiesl materiales ie important in hoth eliniesl and ressarech work.
The difficulties that sre encountsrad in the methods ussd st prosent

o of considersble siznificence. The Tollowing method eliminstes
mpet of these problems snd in onr laborstory hms proven superiar to
pther methoeds. Thiz proesdure is based upon & modificetion and adapis-
tion of the spraretus described by Ven SBlyke, Uselfedyen, and Hamiltangﬁ

for the datarnimmtion of ssrbon dioxide liberated from free amino seids

by the reasction of sinhyirisn.



18

REPERIMENTAL®

Apparatus

The apparatus is pletured in Fig. 1. Two sizes will be desoribed,
the dimensions given haviang proven gulte setisfactory for our type of
gork, It i2 to he undsrsiood thet thess dimenslions mey be varied te
suit {ndividusl nesds, Howsver 1t shounld bse remembered that & vertieal
pilecs which is too short ¥ill permdd the sofdium hydroxide solution to
bubble over into the receiving vesael and ruin the determinamiion.

The larger apparatus is coastructed from 1" pyrex tubling (discarded
test tubss are guite satisfaciory). The length of the rTecsiving var#iéal
seoticn is 97, of the eide disbilling vertiesl ssction 5%, and the
eonnecting arm 5%. 4 2" lemgith of 5/6" pyrex tubing 1s stteched %o
the short arnm for insertion of the dropping funnel. The distilling
vessel is 8 reguletion 100 ml. Kjeldahl flask. The regsiving vesssl
iz & narrow mouth 125 ml. Erlenmeyer flask with the flange removed.

The dropping fumnnel is congtructed from & two-way osplllery stopeosk,
the lower end being attecghed o & 12" length of eapilisry tubing sand

the upper ent to & eup designed te hold 10-10 mi. Ths use of eaplililary
tubing et this point hes the advantage of permiiting the 1liguid to

flow siowly and helpe to prevent loss of ths vesuwum. However, it is
very proneé to bocoms obsiructed and in this smnner it provenis adequate
evacuation and low veluss reapld. I sare i used in havdling ithe anp-
aratus an ordipsry glass tube may be used. The émwim_‘; fnnnel assembly

is astteched to the apparaius by uss of & one-icle rubdber stopper.

: B4
*Rinekart, Gromdall, sad West



FICUTE X
Ammonie Distillation Apparstus
{Deseription in text)
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The reesiving and déisiilling vessels are attached by means of 2% jlenazihe

ihber tubing of 5/4 to 7/8" intermsl diameter. It is import-

L
s ]
[+
&
=
b
~
je.]

ant that the glass to gless eeds Le smeoth and 2juarse.

The smaller spparsbus ia comstrustsd in the some wanney wiih

L)

1ightly difforvent proportions, using i* pyrex tubimg. The leugih of
she reesiving secticn is 21¥, of the distilling section 27, and tie
connesting srm §%. The short arm is contimued upmards lov 1 to pro=-
vide an opening for the {ropping funhsl. Tna latber 15 the sume 48
Asmeribsd ghove except that the stom is only 687 in lengih,. Tor
gistilletion a regulation 30 =), Tjeldahl fleck is used, & neyrow
mouth 50 ml. Erlﬁﬁméyer fissk with the flenge reudved SOrves 8o re=
seiving veszel, or it is replaced by & graduated Eleti-Summsrson color-
imeter tubs ®when fhe Aistiliste is o be nesslerized. Comneclicns ere
made with 13" lengthe of &” rubber tubing. |
Eot and cold enter baths are nesessary for the distillation and
zhould be so placed thet the Gistillisg and reseliving vossals may be
{mmersed simulianecusly and Lelc in plece by & clamp. The hol watlsy
hath shouid he boiling.
i Tlett-Surmerson photosleatrie colorimster is used for the nessler-

ized #istilletss,

REAGEY

spifurie ecid X/70, 2/3N and 2,55,

L

. Sodiuw bydroxide H/70, and concentrated (40 per contl.
Satnreted potsssium sarbonsts, about 90 per ecent.
Phosphate muffer, 2.5 per cent potessium dinydrogen phosphete,

Ureare, any good commereisl preparation.
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Indicstors, Hethyl red, C.04 por cent fa 95 psr cont alschol.
Mathylane blue, 0.02 per cent in waler.
Cspryilic aloohol.
Selenium digestion mizture, Craduslly stir 2050 =ml. coneentrated
eulfuris scid into 23 egual wolume of weler, (CAUTION?) Cool the miz-

turs gnd ssiurste it with aitrsgen~fres 32564 using shout 40 g 144
B

alenimws oxyehlorids sad mix,

Eﬁ)'

o

1.0 mi. of
Weselarts reagent (Wicks Diseclive 51 g. of ¢.P. EI in 100~
56 ml. of anmonia~free weter, Hest tuis solution e 00-100%¢, and add
16,2 2. gf G.7. red msreuris oxide in smmll portions with siirring.
Dilute 180 ml., of 5O per cent sodium hydroxide Yo sbout 000 nl., =€ the
1021de solution, and dilute to ome liter., One velume of golution is

o

dilutad with § volumes of water before uvwes, The |

p )

fluted sclution keeps

well but should be checked witk standard {E§§}2394 vt weekly intarvals.
Surbonste-oxslste reapent. Dissclve 100 g. of pure ¥00s in 80 ml.
of distilled weter and beil for & miputes, Cool, add 10 ml, of selure

sted nsutral potassium oxalets solutiom (30 per gent) ené @ilute to
140 i,

Stepderd emmonium sulfete sclution. Diesolve 0.4Y8 g. of (W, )p804
in €letilled water srd dilute tov 1000 ml. This contains 0,10 wg. of
asmonie nitroresn per ml. Verying smounte end dilutione of $his ave peed

for prepering ctundarde for use with the colorimeter,

GENERAT PROCIIURE
The Yieldaehl digeeticn Tlask zomleining the preformed ammonis is

attached to the short svm of the apparatus, end the receiving Tlassk

o

eontainins the sboorbing seid is stiached to the longer arm, The

dropninn funnel is siteched o the spparstus ené iis open end attached
P by
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o the water euétisms The entire apperatus iu ewscusted fo & pressure
of 20«30 mm. of Hg (3 %o § minutes), sud the stopcock of the dronping
funnel c¢losed. The weter pump iz disconnected snd the vequisite smount
wf airall plaecsd in the dropping funnel. The sikali is gautiously m™mn

into the distilling flask, care belng talen to exclude air. Ths vesssls

f the apparsius are lfummersed in $he hot snd cold water baths end the

%)

c@istillstion ellowed to procees for three to five minutes, Observ:tion
of this upper 1imit of time ie not sssential In easer where po substances
sre presenl that may be converisd to sumonie by prolonged seating with
elkali,

Then the distillstion is complets air i allowecd o enter thse
apperatus by opening ihe stopsosk. The receivinz flssk is then dise
connastas gn& Yoo smmonie determined vy bseketitrstion or nesslerization.

The following precautions should be teken o insurs accurste rasults
with tafe distillation procedurs. Be surs that the system is sdeguately
svecuated hefore the alkell is sdded. The eorwon ceussr of e&rar st
thig point sza & water puwo that does not vroduce adequats vacuum end
&2 occlusion of the caplllery tube. I the vacuum ie sufficient to
csuse the ¥/70 aeid colution %o boil it will de secitisfuctory, The dis-
tillation upparatus should alweys be rinsed with distilisd water between
deterninations %o eveld introducing slleli luto the reeeiviae flssk. To
prevent the elkeli from bumping over into ths roceivi ng Tlsel enti~
bump rods or beilisg stones shoulld alweys be used., In sdditlon the

volune of sciutions soould be held $to 2 oinisus,

RESULT. TITH AMMONTIUM SULFATS SOLUTIONS

The results of a serise of snalyses ®mith the msoerospparetus are

&

& ssriss of smelyses using sumonim

-
%

giver in Table I. The resultas

@



ﬁalfate solutions of %néwﬁ pitrogen content are zivem. The smmonis

vas libernted in these determinstions by the addition of 10 ml; of 40
per esnt sofium hydroxide. The velues glven ave unsslected, Varistions
of ¥ 1 per cent may be encountered, The amount of H/70 sulfuric acid

mey be varisd to suit ithe expected recsovery of smmonis. 25,00 ml.

was used in these detorminations. GSamples contsining s8 much as 20 mg.
of nitrogen have besn satislfectorily distilled in tuis appareius as
shown in Table . O.l¥ seid was placed in the absorbing vessel and

U. 17 base wae used for back titration in th@a@‘gnnlgsesa

Tgble II gives the resulis of a serioce of snalyses with the micro-
apparstus. 5.00 ml. of N/70 sulfuric scid wes used ic absord the
amsonis and back titration was gerried cut wmith ¥/70 so@ium hydrexide
from 8 5,00 ml., microburette, © ml. of 40 per gent sodium hydroxide
ves uead %o liberate the emmonis, Varistions of 5 per cent may be
expected when the smount of mitrogen determined is less than D.1 mg.
larger amounts should give an sccuvsey of 2 per csnt.

Tabla'IiI gives results of & series of direct nesslerizationu of
varying amounts of sﬁaaﬁaré smoniun sulfete solution. In these ansle
yees the required volume of solution was pipetted into the solorimster
tubs, diluted to the 5 ml. mark with weter, end 2.0 ml. of Hessler's
resgent added, After stending for fifteen mimutes the tubes wers read
in the eolorimeter, Blankse on waler read smero., The factor, f, is
obteined by dividing the aversge resding of several determimetions by
the milligrams of emmonis nitrogen ia the sample divided by G.0L. ¢
{%ﬁé concentration of smmonis nitrogen im 0.01 myg. vnite] caz be csle
enlated from the equaition:

o =¥

in whiech H is the colorimeter reading.



Eacrnanslyals of
{3y ) 2S04
(10 =B
¥ per ml.
mls

1040

T 0

470

{4 ) 2504

1.00 mg.

¥ per ml.
mle

10,0

20,0

Armmontwm Sulfats Solubions

el Bt

Found

10.05
10.00
10,08

20.21
20.21
20,27

Amignis ¥
Par cent
of theory

1‘31& ‘:}
100.0
102.C
10040

100.7
10040
100,0

98,0
00,0

% e
AR AN

100,90
100,90
100.&

PR

L0035
100.0
1480.0

99,8
100.2

1004

100,86
100,56
100.8

101.0
101.0
1013

a1



TABLE I1

Hercanalysis of Armonivm Sulfate Sclutions

{8Es )080,
ﬁ:éﬁgméi
§ per Ble

23
1.0

2.0
3.0

4.0

[

Ba0

Poumsd

"B

0048
0,048
0,082

0,090
0,100
05.106
0,102

0.148
0.154
D.182
D150

0.188
G186
0,200
D200

0,250
0.248
0,248

3.29¢
0,258
0,302
0,300

5.39¢
0.398
04402

mnonia ¥

Per sent
of theory

96,0
TE.0
104.0

98,0
160,0
1000
1020

2,8
16?& 'UB
101.4
100.0

§8.0
88,0
100.0

100,0

100,0
99.2
8.8

100,0

98,7
98,8
100,7
100,0

98,7
29,8
100,58

22



Table IV gives the results of & series of annlyses in which the
distillate wes nesslerized., In these detorminstions the wmicroapparatus
was used snd ammonis was sbsorbed in L drop of 2,850 enlfurie scid, The
eolorimeter tube served ms reaeiving vessel. The ammonis wes liberated
with 5 ml. of 40 per eemnd sodium hydroxmide snd distilled for not less
them five minutes. After admidting sir %o the apparatus the distillate
wae diluted to 5.0 ml., 2,0 ml. of FWessler‘*s reagent sdded, the tube
stopperved, ard the solutions mized by iaversion. Readings wers made

after Tifteen minvtes.

ETELDARL DIGESTS

The macro and miero procedures havs been applied to the deteruinstion
of total nitrogen of blood, blood filtretes, spinsl fluid aend filtraies,
feces, wood, blood fertilizer, urine, cesein glues, purified blacd
proteins, aseitiec fluid, and lemther. Excellent resulis have been
obtained with a1l these substences when the selenium digestion mixiture
daseribed ahove wes used, Uadoubtedly other digesiion mixbtures would be
satisfactory. There sre many cases where more rapld digestion could be
sceomplished, as in the onse of fertilizer and leather, by ueing other
digsstion mixtures; but we lound this to be an excsllsat all purpose

reagent.

URINE TOTAL BITHOCEH
To 8 ssmpls of urins condaining 2-4 mg., of aiiragen ine 100 mi.
¥ieldenl flask add 3 ml. of the selenium digestion mixture. Boil until
the coneontrated mixture hee begome solorless ané continue the heating
for 10 minutes longer. CGool the flask, add 10 ml. of water and sttach

to ths apperatus. Attach the reesiving flask, containing 85,00 ml. of
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TaALE III

Direct Nessierizetion of Stenderd immonium Julfste Solutions

per ml. Golorimeter Average of re_. i
ml. readings realings Bg. N/G.0%
1.0 83,688,863 63 31.5
43,064,635
2.0 126,126,185 12 1.5
187,126,128
253,853,282

TABLE IV

Racovery of Asmmonia Hitrogen from Fnown Lolutions

(i, )80,
@131 Hife Amponial 0
per ml. Salorinstor Found Per cent
readings of theory
tile s
1.0 51, 30, 30 0,009 $9
29, 31, 31
2,0 63, 88, 83 0.028 100
64, 03, 63
4.0 125, 126, 128 Ga.04 100
12%, 127, 128
.0 188, 157, 187 0.08 100
158, 188, 157
10.0 e, 318, 315 0. 10 100

314, W15, 516



fabd
LA

/70 sulfurie ecid and thres drops sesh of methyl red snd methylene
blue, %0 the spperetus. Evacuste st the pump, detach the suetion, udd
10 ml. of 40 per cent sodive hydroxids, and disiill Tor 3-5 minutss,
4dmit air to the spparstus, detech the recsiving flssk, snd titrets

the exesss sulfuric seld with /70 sodius hydroxide. Typical resulis

on alicuota of urine sre gziven in Table V.

TABLE YV

Totel Witrogean of Urine by Kjeldahl Dlgestion

Tacuwan 4istillstion Hegular distillation
grame per 100 ml. grams per 100 ml.
1.081 1,030
1,081 1.038
1,080 1.U54

The sdvantege of thie proesdure over the standsrd type of Xjsl-
dahl pxuagﬁnrﬁ iz thet it requires only 3«3 minutes to accoouplish the
distilletion while in the previous methods as much gs 15 minubtee may
be reguired, and in cur experience this methed has gilven slightly more

consistent resulte than the ordimary ¥jeldahl distillastion procedure.

| URINE A000UIs
Excellient results have been cbtained with this determinstion. The
short time required to complets an snalyeis is8 the mein sdventage of the
modificntion.
Deternination of Urine Ameonia. Into & ¢lean 100 ml, Tjeldahl flask
measyre exactly B.0 wl. of urine, which must be meid to eongo red. It is
racommended thet & few drops of 2,50 sulfuric be introduced i{nto the

uring sawple as & routine procodurs aines this eliminstes eny possibility
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of smmonis escaping during the evecuating process, Ths Tlask is con-
nected $o the apparetus snd the ramainder of the determination sarried
out sxsetlv as dsseribed for the amslysis of Wleldahl digess, excepd
thet 10 mi. of potsssium carbopets resgemt ic used in place of sodium
- hydrozide. Both sodium hydroxide snd potassium oxalate-cazrbonate
reagent were Tound to zive high velues for emmonis nitrogen fagarélaaa
of how the time of distillstion wes controlled. Potassiun gerbonate
pives very satisfectory checks against the ssration proeafure. Dis-
¢1liation muet not proceed for more then five mirutes if the formation
of ammonis from other nitrogenons substauces is to be avoided. Teble
vi showe $the agreoment betwess thls method snd the geration proesdure.
Table VII shows the importsnce of limiting the dietillstion Sime %Yo
23 minubas, @iéﬁa this time is sdeguate for complete distillation yet
doss not ceuse errors cue to silkeline decomposition of mon-emmonis

nitrogenous coupoundis.

URBs HITROGIE

Recovery from Urea Solutions. About 50 g. of Mallinkrod: A.%.
ures was recrysteliized from 200 mi. of hot slechol, The sir dried
eryetals were further dried in s vecuum desiccator over @éna@aﬁrataé
sulfurie asid for 24 hoursz., Kjeldehl anslysie of these purified erys-
tals, using vacuua distillstion, gave %i;g gar cent nitrogen; theorgt-
jeal 48.8. ©0.2140 g. of thls ures was nade up So 1000 ml. (1.0 mg. O
in 10 ml.)s 25,00 ml, samples were ussd for snalyeis, BHesulie ars
given {n Table VIII. The procedure was the same as deseribed for blood
ursg.

Blood Ures Nitrogen, Maerc. Inte s elesn 100 ml. Kjeldaehl flask

plage 4.0 ml. of whole dlood, 1.5 ml, of phosphate buffer, and & pinch
® b
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TARLS V1

Teteminstion of Urine Aswmenis

“

vaouem dlstvillation Asmition
my. per 120 ml. mae por 100 mi.

3:%2 ::??t 3’
2.4 36.8
7.6

7.8

84,2 63,4
5«:’).1) 64’2
BELG 85,5

TABLE VII

Effact of Prolosged Distillation on Rsecovary of Urlnmary lLwmmonis

Tima hmmonia H
in minutes Wge per 1002 ml.

f’.'; 3‘%&&5, 3‘;.5

4 4.8, #B.2

8 5,8, 3648

TaBLE VIII

Tetsrsinution of Ures Hitrogen

Selutiorn centelining

010 mg. urea H Trea nitrogen
per ml. Found Par pen
of theory
sl BEw
28.00 2.51 100.4
250 0.0

2.51 100.4

] A A
;3'5 :‘L ‘Jﬂ.‘it
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{10-20 mg.) of uresss powder, Incubsis st 80-587C. for thirty sinutes.
Fises moethrylens blue ead methyl red in the receliviny flask, :ittach the
flasks to the apperotus and evacuate zt the pump. IDisconaset the appe-
aratus from the suetion snd plece § ml. of servomste-ozalats resgent in
the Tunnsl, Allow thie $o suter the distilling flsak apd follow with
about 0.5 ml. of caprylie sloohol, cares beingz tuken to close the stope
cook befors pir is sdmitted to the system. [ietill for 25 minntes and
dateraine the smmonis liberated by beek titrationm with N/70 sodium
hydroxids., Distilletion time must be limited to § minutes ss s maxismm
to avold decomposition of othev nifrogen contsining subsitsnses,

Blood Urea Witrogen, Viern. This method may be gsed vhen only
3s1 to 1.0 mle of blood iz avellable. The sseurscy depends slmost
sntirsly on the gseourzey of sessvreament end 4llution of the semnisz.
Several dsterninations may be done om the larger sampls. The nroced-
ure iz besed on the setlen of uresss on #iluted whole blood with pube
saquent daproteinization as described by &antaknwz?. The ammonis is
then distilied from the glbelinized Tiltreie ané deternined by nsaslore
ization. Tolin and Svgéb@rﬁég fieserived 4 method for the direct it
tillstion of hydrolyzed Tiltraiss to which the uresse has desn added
aftar deprofteinization, & Hoshanique thet may glve »ise 1o szcsssive
foaming.

One voluma of bleod (0.1 %0 1.0 ml.) 1s mized with seven volumes
of water in g 15 ml. esntrifuge tube end 510 mg. of uyresse powder are
edded with sheking, The tube is stoppsred end incubsted for thirdy
winutes at 50-55°C, im & weter bath., One volume of 10 per cent sodinm
tungstate solution i2 next added and mized, followad by one volume of
2/3R sulfurie acid. The tube is stoppered, shaken well, allowed to

stend for 10 wminutes in water &t room temperaturas, ané them centri-



foged for 30 winutss.

2
Op B8, 0 ml. of the supsreatont fluid is trente
forred to & 30 ml. Kileldshl flask which is then connected to the a&ppar-
atus.

¥or the nesslerizaticn procedurs it is

o
L
o

T B

dvg
T

L8 bed poes 8 volume of
filtrete containing D.01 to 0.10 mg. of nitrogen. Xor the titrstion
progedure the 2smple chould contain 0.10 to 0,850 mg, of nitrogsu.

Tor pvesaslerizatiocn the
side of the appsratus snd &
tube

¥ieldahl flssk is conngeted %o the distilling
apid

Flett-Summerson photoeleciris colorimeter
gradoated at 5.0 mi. and contoining one drop of 2.5 ¥ sulfaeric
is attachad to th

e roaceiviang sids,

The dropping funnel I1s stfeched
and the apparsius evecnated sz dascribed gbove.

Two ml. of carbonstiew
oxalate resgent are added through the dropping funnel sné the appurstus

ismersed in the weier basths for from 3-8 minubes, &uring which time

-1

i

distillation is complete, The colorimeier tube i dstached from the

apperatys and its contents diluted to 5.0 ml. 2.0 ml. of Nessler's
resent are then ad

ad and the contents of the tube nized by luverting.
The color is sllowed to develon for 15 wminutesn, sfter whieh i% i& qulte
stable Por at lesst fwe hours,

It pond sbeals

2 on aliguot seaplas are
desirad it i{& eaventisl to use cslidreted pipettss and colorimeter
tubes throughoul.

The srogedurs fgr‘tiﬁﬂa%icn is sxaotly ac dascribed edbove sxcspd
that & ssmple esontaining G.10 to 0.50 mg., of nitrogen is used and the
distillate & soliected in a 50 nl. Urlemmeyer flask condsininy 5.00

ml. of H/70 sulfurie acid.

The ammonis is deterained by baek titrstion
wita ¥/70 sadium hydroxide from a 5,00 ml. burstte,
e sesme as deseribed sbove,

The Indicntor is
The rasulte are zummerized in Yeble IX.



TARLE IX

B8lood Tres Hitrogen, mi. per 100 mi.

wiere~ Hitrogem
acro=- uiero- Hessleri- deternined
Semple Fo. horation titration titrstion =zalion B
;! 2R3 25.4 1.0
85,0 28,1
g -~ 5‘
B 2’6»: % 0’:'52
0.6
£l.2
3 7.0 8.8 ' G0V
8.9 8.9
£.8
4 20.5 20.5 ‘ Q1
20.4 20.1
2 Egt 3
B 2%.6 2.4 0,029
29.3 28,1
£8.6
& 83.4 §. 063
6T.0 ED. 2
€3
Ghad
i 2.8 e 9 0,018
8.1 P00

8,0
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4 new method for determining tetal nitrepen, urea, and amﬁni& ‘
in biclogieal flvids heg heen described, This method sonsiste in
1iberating armonis from amonius sulfate by edding 2lkall and distille
ing it wdsr reduced pressure into an aeld recelivin: sclution. In our
laboretory this procedure has piven vesulds thet are ss sccurete as
thoge obiained by either the serstion or Kieldahl distillstion wmethods,
This ‘pmmdurﬁ doss not prasent any of the spparntus 318Pienltlas that
are freguently sunountered In the Ejeldahl 41stillation method and
eliminates the poseible souree of error due to awsonism lose that may
gogur when the savation method Is used. The waovum distillation method
iz & wore rapld weans for quantitatively determining amonia sinece it
requires onlv § mirutes per determinetion cowpured to the 15 to 50
winutes necossayry for seration or distillation methods,

By nsésl%e?ﬁﬁng the Meceliving solutien, samples condaining 0,02
mg. of nitroger ean be muslysed. This misre modifisetion meles the
method aduntable to nitrogen snalysiz on the small guentitiass of Lloed

that are nvailebls when labwrtory animels are used for rosonrch work,
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