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2‘1

URINE VOLWIE DETERMINATION STUDY

INTRODUCTION

This study wos initicted to further investigate the fecasibility,
functicnality and overall accuracy of the use of lithium as a chemical
tracer in urine, thercby providing a means -for indirect determination
of total urine volumc by ztomic ebsorption spectrophotometry method.
Fxperimenta were conducted to investigate the parameters of instru-
mentaticn, tracer concentrstion, mixing times, and mathods for incor-
pﬁrcting the tracer material in the urine collection bag, &nd to
refine and optimize the urine tracer teghnigue to comply with Skylcb
echece cad cporational poramsters of + 2% of volume error and * 1%
accuracy of cuount of trdeer added to each contuiner. In addition,

e bock-up pathod for urire collectinn end sampling svatem vas devealaned
and evaluated. This back-up mgthod ;ncorporacca the tracer technique
for volume determination in event of failure of the primary urine
collection and presarvation dystem. One chcmicél preservative was
selected and evaluated as contingency chemical preservative for the

storsge of urine in event of failurec of urine cooling system.
FHASE I

2NIPO3E6S

Thie phase‘evnluated techniques for the improvement of the afccurscy
of the trocey rz2thed. This phese sleo determined optimum tyacer
concentratien ond minzing time. Counsideration was given to possible

usa ¢f multf{ tiacers, solvonts as diluente for analysis end techniques

fecr reduvcing instrumont scotter and errer.



2.2

2.2.1.

2.2.2

Task a

Dancrinticn of Tarck

Datermine spectrophotometer scatter &nd error with concentrztion of

1ithium trecer in urine of 1, 2, 5, 10, 20, 30 and 50 ppa.

Methed

- Tracer analyses were conducted with Perkin Elmer Model 403 Atomic

Abeorﬁtion Spectrcphotometer with air-sccetylene fuel mixture system.
The instrument was prepared and pecked for optimum element detection
in the some manner cach time to maintain best performance end rzduce
scatter and error. The dgteétion limit of the gpectrophotomster is
0.5 to 5 4gg/ml. Instrument sensitivity is considered at 0.03 «g/ul
lithium and linear up to concentrations of zpproximately 2.«g/m1 in
aquecus golutich. Aqueous lithium trecer was delivered volumetricelly
in all cases and dilutions were prepared in volumetric glassware with
deionized water. All scmples withdrawn for analysis were done wiih
volumetric pipettes. Although there Arq several vzriables that may
introduce errors in analysis, most of the potential varisbles were
checked in’the laberatory against suitable stendards. Trecer calt purity

was checked ageinst standard analytical solutions of lithiuvm from Harleco

Company used to calibrate the spectrophotometer.

Experiments were conducted with urine diluted (1:10) with water and
urine containing tracer at various concentrations to investigate instru-
ment scatter and error and to improve accurscy of lithium trecer deter-
mination by atonic absorption. The ‘test samplcs were acpirsted at
several diffcrent rates to evaluate the stability of the ncbulizer and
efficiency of the sample tubz to doliver a constant flow of solution

to the burner and remain free from clogging. It was noted that



2,2.2

2.2.3

2.3

2.3.1

(continued)

tube clogging cculd be climinsted by using diluted urinz. Inctrument
response was imprpved and scatter was wveduced by maintaining a censtant
rate of acpiration. An aspiration rate éf 6 to 8 ml per minute was
found satisfactovy and used.fbr all subsequent enalysis. Lithium
concentrations of 1 to 2 ppm in urine diluted (1:10) showed the least
instrument scatter, and percent error was reduced., Precision of instru-

ment was also greatly improved by the use of dilute ~2queous test sample.

Recults

The emount of tracer is primarily dctarmined by the accuracy and detcction
limits of the in:tfument. The highest level of accuracy wos ceen of ‘
lithium corccntration in 1 to 2 ppm range preparcd for atemic absoxrptica
analysis. UVhen zepiration rate of diluted urine is meintained constant,

inztruent scatter end level of erxror was definitely improved.

Cenclusion

.

The conclusion is that lithium concentration in diluted urine should be

in 1 to 2 ppm range to maintain high level accuracy and precision.

The findings clso suggest that the tyzcexr concentration in the urine
collection beg ehcould be at leact 30 mg lithium when maximum Qrine
volume' of 3,000 ml is considered, or an.average of 10 mg lithium per
liter of urine. .Thercfore, one ml avazilable for cnelysis, diluted 1:10,

will contain 1 ppm Li.

Task b

Dascription of Trsk

Determine effect Qf mixing time of 1, 2, 5, 10 end 30 minutes c¢m snalytical
geatter and error, at lithiuvm ox othey tracer cencer“ratious of 1, 2, 5, 10,

30 and 50 ppn. A standcrdized method of mixing ghail! be develeped and



2.3.2

{continuad)

‘utilized for these experitants. The effects of a urine tempersture at

36° T in mixing will be determined.

Lithium chloride-stcck solution (1,000 ppm Li) was prepared in the
laboratory with deionfzed water. Lithium stendard froa Harleco was
used to calibrate the spectyophotemeter. The experiments were pre-
pared by delivering 5 ml of 1,000 ppa Li and adding 495 ml of pooled
chilled urine (36° to 40° I) in voluzetric flasks. The chilled
contents were mixed fer 1, 2, 5, 10 and 30 minutes, withdrawing an
aliquot of urine for enalysis after each mixing time. Mixing was

accomplished by invefting the vessel epproximately 30 Eimes.par minute.

Ten mla of the urine-lithium contents were diluted with deionized
water znd 10 ml of potesciunm chloride solution (10,000 ppm KCL) in
100 mi volumetric fiaehs. This placed the lithiua concentration of

dilute urine (1:10) at 1 to 2 ppm.

The potassium chloride solution was used as a buffer agent to help

reduce scatter aud interference.

The tests were cenducted by inserting the sample tube from the spectro-
photometer directly into 'the contents of the flack and aspirated at

a constant rate of approximately € to 8 ml per minute. The concentra-
tiens.  shovn in all experiments in this report wecre the averzpe of

100 samplings, obtainabie with this model spectrcphotometer., Standard
solutions were prepared by diluting lithium nitrate (1,000 ppm Li)
spbqtrographic‘ standard vith vater and potassium chloride solution,

the same as in all test ca=ples.: This offered 2 direct comparison of,

the' test ezmples with a celisable standaxd,



2.3.3

2.3.4

Resul t:2
The rezults of this experiment (Table 2.3.3.A end Table 2.3.3.R)
show that a complete dispersion of lithium tracer in chilled urine

can be attaived by proper mixing.

Mixin~ Tirme-l{ixing Methnd vs. Accuracy

Hixing Li Std. Li 1 ppm Conc. Li Conc.- Percent
Tima 1 ppm conc. Urins Diluted 1:10 By Anslysis Errox

1 Minute  1.00 1.00 1.00 0%

2 Minutes 1.00 1.00 1.01 1%

5 Minutes 1.00 1.00 1.02 2%

10 Minutes 1.00 1.00 1.02 2%
30 Minutes 1.00 1.00 1.01 1%

o -
<J e D

—————

w

TABLE 2,

~Mixine Timz-liining Method vs. Accuracy

Mixing L1 'std, ‘Li 2 ppm Conc. Li Conc. Percent
Time 2 ppm _CONc. Urine Diluted 1:10 By Analysis Error

1 Minute 2.00 2.00 2.01 0.5%

2 Minutes 2.00 2.00 2.04 2%

5 Minutes 2.00 2.00 2.C3 1.5%
10 Minutee 2.00 2.00 2,02 1%
30 Minutes 2.00 2.00 2.01 0.5%
Conclueicn

A homogencous mixture {s evident in the first or cecond minute of
mixing. The findings sugrmest that &t leest one (1) full minute is

necesgeary to attaju cptimun dispersion of lithium tracer in pooled

chilled uiine.



2.3.5

2.3.6

Prototvpe Ufinc Collectica Rans

Expericents waic prepared as in 2.3.2 except that 5 nls of lithium

(1,C00 pra Li) vove delivered f{ato the prototype bag through the

orifice provided, Four-hundfcd ninaty~five (495) mls of pooled
chilled uriue vare deliverad volumetrically, and thq contents were

mixed for one (1) full miaute., The mixing was done manually by

closing the orifize end holding the bag horizontally between the

hards. 3ith a slight laterzl movement of the hands &nd arms the

contente were sleched from eide to side in the bag. Aithough some

feaming of the chilled urina ueas evident, thare was no indjcation

cof interfercnce vith dispersion of tracer nor at time of sample extraction

for analysis,

Mechanical ratheds for mixing eve available; however, mixing manually
e ’ &
proved getisfactory. Urinz tect samples vere withdraun soon afterx

the aixing stopped end diluted as in 2.3.2Z.
o e

Reculta
The results of this expeviment (Table 2.3.6A) show that 2 goed dig-
percicn of lithiun im urine in prototy;> uriu: ecollcction be

be attained Ly monually wixing the ceatents for onz (1) full ninute.

Sce Table 2.3.6A cn next page.



2.3.6 {continuad)
TATLE 2.2.(A
Mixing Tino-tlixine Yovhad ve, fcenvocy
Mivtan Li Std. Li Ceac I.i Conc.
Tl Urine 1 ppu Niluie Urine By Anzlysis Percent
Clizuers)  Volvas Crne, (1e30Y pim pp nrroy
1 495 1.00 1.00 1.00 0%
1 495 1.00 1.00 1.00 0%
1 495 1.C0 1.00 0.59 -1.0%
1 455 1.G0 1.00 1.00 0%
1 495 1.00 1.0 0.99 -1.0%
1 4,05 1.0 1.0G 1.00 07.
1 495 1.00 1.00 0.99 -1.0%
1 495 1.00 1.00 1.00 0%
1 495 1.060 1.60 .99 -1.07%
1 495 1.00 1.60 1.00 0
1 495 1.Cc0 1.00 0.95 -1.0%
1 495 1.c0 1.00 1.00 0%
2.3.7 Ceznelunion

In oudor to cbtuain.a catisfactory dispercicn of lithium in pooled
chilled urine, the contente should be mixed for one (1) full minute.
The mixing can.be readily accomplished by the menual wethod stated

1

in 2.3.5., Tha veaults in Table 2.3.6.4 are congistent end within

the alleeable volu- -2 error.
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2.4.1

2.4'2

2.4-3

2.4.4

Tazk ¢
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lateriiine thoe ceffects of the use of acetonre, nothanol, and cthancl
a8 diluznts for the snalysis of tracer in urinve, using the tracer
councentratisn and mixing tine vhich shows the winimum scatter and error

-~

as detexynined in Task

3
e
]
<]
3
a.
-3
£
0
o=
=
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.

lathed

2

.

ests were conducted to establish tha use of

(o}

vgenic solvente as

[N

diluznts for tracer 2nalycis ang zlso reduce instrument backgreound

interference.

Aquacus test colutions wore propared from each of the eolveonts in

2.4.1 and aspirated at ccustant rate,

In every cacz the di)-L  solvents caused concidevable flams effects
and interferenca. The lavel of scatter and ervor that was cxzperienced
was higher than thz limits alleweble. The use of solvents may alse
constitute & notential safety harzard when mixed with the burner

gascs and ignited,

Results
The use of ovgenic solvents as diluent for lithium anealysis coutrituzed
a high degrce of interference cnd inctrumsnt scatter and wes definitely

no improvemiat over deionized water as the diluent,

Conclusion

Organic selveats as diluznts for lithium tracer were coasidoted uazceep-
table becaus: of the high interfercnce contributed.

The use of d2ionined water is by far cupsrior to colvents.



2.5 Tagk d

sideDw ] Reserivtion of Taek

Daterzine the effects of the use of chrémiva and lithivi-chromium
tracex on analytical scotter and error, usiag tracer concentration

end mixing tim2 as deteruined in Tosk e and Task b.

2.5.2 lethed
Tests of a qualitstive natuve were conducied to detensine the
possiﬁle uze of chromiux .nd lithiun-chreniunm tracer for urine volune
determination. Since the level ef crror found in chromium urine tests
was higher than that allowed, the tests with chromivm-lithium
showed considerable increace in evror as & multi-tracer method. It
vas also leawned that a complete chenge-ovar of instrument ad justoants
and riochenics to awvalyze both tracers was nececsavy in the multi-traces

schemz, thevefore creating a greater instriii~ut error.

24543 Fesults
The results of these tests indicated that.the use of chromiua tracez,

>
’

alone oy in combination, would incur a percent error greater than + 27.
¢ b

2.5.4 Concluzion
The uce of this tracor scheme is not acceptalile bacause of errer

magnificatica.



2.6 Tagk e

2.6.1 Deccription of Task

Investigate possibilities for reducing scatter and error caused by
the analytical procedure and instrumentation. Examine optical filters.
instrument pick-up tube depth in solution, pick-up tube leagth, and

flame effacts,
2.6.2 Hethed

2.6.2.1 Optical Filters

Optlcal filters for the spectrophotometer were examined to~deternine
if scatter end error could be reduced through the use of a single orr
multi-filter system. The examination ruled out the external mounting -
of filter to improve instrumant procedure. Howaver, - it was learned
that the use of internal filter system incorporated in this model

considerably improved instrument performance.

2.6.2.2 Burner.
The proper alignment of the four-inch siﬁglc slct burner aiso increased
the periormance. Thic consisted of horizontal posigioning of the buraer
in line with the light path in the combustion chamber of the spectro-

photometer.

2.6.2.3 Flame effect
Best performance wac also experienccd with an even oxidizing flame of

average height.



2.6.2.4

2.6.2.5

2.6.2,6

Potassium Chleride Solution

"A solution cf potassium chloride (10,000 ppm KCL) was prepared by

dissoléing‘18.5 o potasslum chloride crystals in ; liter of water. '
The ten ml. voluéz used in diluting thé urine (1:10) in a 100 mlA

flesk acted as a buffer agent and generally improved the inalytical
procedure. This solution wat used in preparing the t;st and reference

standard solutions for analysis.

Instrurent Pick-llp Tube

Tests were made with the instrumsant sampling tube at different

depths in the test solution. Depths of 1/4-inch, 1/2-inch, l-inch

and 2-inches from the surfece were investigated. The depth of sampling
tube in solution tshowed no significant evidence of 1nf1uenc!ng the
anal)sia‘l Houevcr, it should be pointed out that the length of
sampling tube docs change the rate of acpiration, and it is auggested
that operating acpiration rates be established with each tube size
used. A 7-1nchhlopg polyethylene tubing that would fit securely over
the nebulizer stem was used successfuilxnfor these tests. An aspita;
tion rate of 6 to 8 mls por minute proved satisfactory with this

tube, and has since bzen uszd in apal}tical procedures.

Volunatrie glescware

In all procedures applicabie to the tracer technique, volumetric glass-
ware was employed. The glassware was nitric acid washed and prﬁperly
rinsed before usa. Precision, quality Class A, serialized, volumetric
pipettes putchesed from Fisher Scientific Company were used to main--
tein the requirced level of accuracy, :+ 1Z of amount of tracer added

to each containéf. Proper analytical and quantitative procedures were

employed at all times.



2.6.2.7

' 2.6.2.8

2.6.2.9

2.6.2.10

2.6.2.11

Lithiun Stack Solutioa (6,000 prm Li).

The lithium atock solution was prcpared in the laboratory from
Lithiuz Chloride, powder, Fisher Scientific cprtified. The pouwder

was oven dried overnight, and 36.5856 gms of LICL .were carefully
weighed and diluted in a Qlter of deionized water. Therefore, one ml
stock solution contained 6,000 ppm or 6 mgs Li. It should be pointed
out that a standard prepared from the same stock solution used for tﬂe
urine collection bags will satisfactorily f1ll the stsndard role and

further reduces tracer error.

Spectrorrcphic Lithiuvn Standard

The experiments conducted in thc entire study for this contract were
directly compared againat a reliable apectrographic atandard of
Lithiun Nitrate (1,000 ppm), diluted to the desired concentrations
with water and potassijum chloride, seme as in tests in 2.3.2. The

standard is a product of Harleco Company.

Urine Standard

A urine standard wad not considered for ;hgﬁe experiments because of
potential variables that may exist. Hoﬁever. a synthetic urine
standard could-probzbly be used as reference standard, but np ;syn~

thetic urine etandard was used in this setudy.

Resulte
The findings of Task e suggest thet employing proper analytical pro-

cedure and good control over the mechanics of inatrumehtation, scatter

."and error are reduced.

Conclusicn
Scatter and error are reduced by using proper procedure and control and
by preparing standard to calibrate fnstrument from same lithium stock

solution uzed in collection contdinercr



2.7

2'7'1

2:7:2

2.7:21:

Task £

agerinticn of Task

" Conduct these tests in such a manner that mass balance computation

can be made in order to deturmine total recoverability of tracer.
This technique will enable a continuing evaluation to be made &s to

possible loss of tracer through sorption processes.
Method

Sorption Studv using UCMSS Prototvype Dag and Filter Material

The prototype Teflon bags were manufactured by Dilectrix Cdrporation,
and a representative sample of the filter material used in 'bag scheme

was supplied separately.

The tests were prepared by delivering 5 wl of stock lithium solution

(2,6.2.7) to each bag volumetrically through the bag orifice. Three-inch

of stock solution were delivercd to cach vessel. The bags and the glass

containers were oven dried overnight at.apprqximately 110° F with

circulating air stream. Six-hundred (600) mls of pooled chilled urine

(36° to 40° F ) were added to each container and mixed for ons minute.

Samples were extracted for analysis and‘diluted (L:50). The Sozption
Study was prepared starting with Week O through Week 5. During the,
interim between weeks, the test bags and containetr ware kept refrigerated
at approximately 36° F. At the cnd of each week the contents were mixed

again for one minute, and sezmples were extracted for analysis.-



2.7.2.1

(continucd)

TADLE 2.7.2.1.A

UCSS PROTOTYFE BAG SONPTION STUDY

Bag 2

ER Gl e D fm et g gy 3 i tly

Bag 1 Bag 3 - ',E
Weck A B c A B c A B c_ ¥
0 1.00 0.99 1.00 0.99 0.99 0.99 0.99 0.99 0.99 g
1 1.00 1.00 1.00 1.01 1.01 1.01 1.00 1.00 1.00 E
2 0.99 1.00 'o.9§ 1.00 1.00 1.01 1.00 1.00 0.95 ¢
3 0.9 0.99 0.99 0.99 1.00 1.00 1.00 1.00 1.00 ]
4 1.00 1.00 1.01 c.99 0.99 0.99 .01 " 1.01 1,01
5 1.00  1.01 1.01 1.00 1.00 1.00 1.0 1.00 1.00
i

UCMES

TABLE 2.7.2.1.B

S _PROTOTYIL HYPROVIODIC FILTLR MATERIAL SORPTION STUDY

Containeyr 1

Container 2

Container 3
ok

Lithiva conc. in eczch coatainer - 30 mgs

Diluted urine for znulysis

Lithium gcterdard
Readiugs are in ppm

- 1:50
‘= 1 ppm

P _Veek A B C A B c A B é
é 0. 0.99 0.99 0.99 | 1.01 0.9¢ 0.99 1.C0 0;99 1.00 %
% 1 1.01 1.00 1.00 1.00 1.01 1.00 1.00 0.99 {.00 i
2 1.00 1.01 1.00 1.61 1.01  1.00 1.00 0.99 1.00 j

3 1.01 1.02 1.02. 1.00 1.00 1.00 1.00 0.99 0.99 ;

4 1.00 0.99 1.00 1.0 1.00 1.00 1.00 1.00 I.Gogi

5 1.00 1.00 1.01 1.01 1.02 1.01 1.00 1.00 0.99%

:

Conditions:



