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URINE VOLUME DETERMINATION STUDY 

1 .o 

2 .o 

OB JECTIW : 

The objective of this work is to conduct experiments to determine 

the adequacy of a chemical tracer method for the determination of 

total urine volumes excreted during space flight. 

INTRODUCTION: 

The method defined is based on the use of lithium or cesium salts 

as tracer materials, and atomic absorption spectrophotometry as an 

analytical method for the determination of the tracer. 

the urine container is charged with a known quantity of salt, the 

urine is allowed to mix with the salt, a sample of the mixture is 

collected for analysis, and the remainder may then be jetisoned over- 

board. 

or cesium concentration, thereby allowing a determination of urine 

void excreted in flight from which the sample was withdrawn, 

In this method, 

A portion of the collected sample is analyzed for lithium 

Since the literature related to the analysis of urine has not 

indicated the presence of either lithium or cesium, these elements 

would appear to be most suitable for the subject analysis. Both 

elements may be readily analyzed i n  trace quantities by atomic 

absorption spectrophotometry, the salts are readily soluble, and 

in small quantities should not interfere with normal urinalysis 

procedures. 

This project was initiated to investigate the feasibility, function- 

ality, and problem aieas involved in w i n g  l i t h i m  and cesium as 

tracers for urine volume determinations. Experiments were 



2 .o (cont inued)  

3 .O 

3.1 

performed to :  determine t h e  presence of l i t h ium o r  cesium i n  u r i n e ,  

o r  t h e  p o s s i b l e  i n t e r f e r e n c e  of  u r i n e  w i t h  t h e  a n a l y s i s  of the 

tracers, determine t h e  rates of d i s p e r s i o n  of t h e  tracer s a l t s  

i n  u r i n e ,  determine t h e  poss ib l e  r e t e n t i o n  of  t h e  tracer by the 

u r i n e  c o l l e c t i o n  bag m a t e r i a l s ,  and t o  determine t h e  o v e r a l l  

accuracy and f u n c t i o n a l i t y  of t h e  method. I n  a d d i t i o n ,  t h e  l i ter-  

a t u r e  was searched t o  determine i f  o t h e r  i n v e s t i g a t o r s  have d e t e c t e d  

t h e  presence of  e i t h e r  l i t h i u m  o r  cesium I n  u r i n e .  

DISCUSSION AND RESULTS 

L i t e r a t u r e  Search 

The t e c h n i c a l  l i t e r a t u r e  was searched t o  determine if o t h e r s  have 

r e p o r t e d  d e t e c t i n g  t h e  presence of e i t h e r  l i t h ium or cesium i n  

normal u r i n e  . 
This  s e a r c h  revea led  AO r e fe rence  t o  t h e  presence of l i t h ium.  

There were a few re fe rences  t o  s t u d i e s  involv ing  t h e  d e t e c t i o n  of 

r a d i o a c t i v e  cesium i n  u r i n e ;  however, t hese  s t u d i e s  were r e l a t e d  

t o  d e t e c t i n g  extremely low l e v e l s  oE Cs-137 by s c i n t i l l a t i o n  

count ing  methods, and a t  l e v e l s  f a r  below those  t h a t  would i n t e r f e r e  

w i t h  cesium a n a l y s i s  by atomic abso rp t ion  spectrophotometry.  

I n  light of  t h e  findi 'ngs of ou r  l abora to ry  experiments r e l a t e d  t o  

t h e  i n t e r f e r e n c e  l e v e l s  of u r i n e  t o  t h e  a n a l y s i s  of cesium, we 

now cons ide r  cesium a poor cand ida te  as a tracer;  and, t h e r e f o r e ,  

have e l e c t e d  t o  abandon f u r t h e r  s ea rch ing  beyond those sources  



3.1 

3.2 

3.2.1 

(continued) 

cited below. The following were the major sources searched: 

1. Documentation Geigy - Science Tables, 6th ed. Pub. Geigy 
Pharmaceuticals. 

2. Biology Data Book for Federation of America Society for 

Experimental Biology - Washington D.C., Compiled and Edited by 

Philip L. Altman and D . S .  Dittmer. 

3 .  International Critical Tables of Numerical Data Physics, 

Chemistry and Technology, Published for the National Research 

Council by the McGraw-Hill Book Company, Inc., New York and 

London 1933. 

4. NASA Life Sciences Data Book 1962, Compiled by Webb Associates, 

Yellow Springs, Ohio, NASA Publication SP-3006. 

5. Biological Abstracts 1967-1969, 

Determination of tk Presence of Lithium and Cesium in Urine or 

Interference Contributed by Urine in the Analysis of Lithium and 

Cesium by Atomic Absorption Spectrophotometry. 

I 

Procedure 

Urine samples were obtained from ten (10) male subjects and analyzed 

for lithium and cesium by atomic absorption spectrophotometry, A 

Perkin-Elmer Model 403 Spectrophotometer was used for analysis. The 

concentrations shown in all experiments in this report were the 

average of 100 samplings, obtainable with this model spectrophotometer. 

Standard solutions of the instrument were obtained by dilution of 

standard spectrographic solutions. 



3.2.2 Resu l t s  

T h e . ' r e s u l t s  of t h e s e  tests ( l i s t e d  in Table 3 . 2 . 2 . A )  show i n t e r -  

f e r e n c e  caused by u r i n e  to  be of s u f f i c i e n t l y  low l e v e l s  i n  t h e  

l i t h i u m  ana lys i s  t o  cons ider  l i t h ium a good choice  as a tracer.  

A l l  u r ine  interference may be e l imina ted  by dilution of t h e  u r ine  

p r i o r  t o  a n a l y s i s .  

The i n t e r f e r e n c e  caused by u r i n e  i n  t h e  a n a l y s i s  of cesium was 

cons idered  t o o  h i g h  f o r  the intended purpose as a t r a c e r ;  and, 

t h e r e f o r e ,  cesium was e l imina ted  from a l l  subsequent experiments .  

Li thium was analyzed by absorp t ion .  C e s i u m  was analyzed by flame 

emiss ion ,  s i n c e  emission measurements are s e n s i t i v e  t o  t h i s  

element. 

The response t o  l i t h ium i n  t h e  samples v a r i e d  from .01 t o  .03 ppm. 

The response  to cesium v a r i e d  from 5.0 t o  9.0 ppm. 

Samples of t h e  u r i n e  specimens were d i l u t e d  1O:l with  water  t o  

determine i f  d i l u t i o n  would e l i m i n a t e  i n t e r f e r e n c e s ,  caused by t h e  

u r i n e ,  i n  t h e  l i t h ium a n a l y s i s .  D i l u t i o n  was found t o  e l i m i n a t e  

t h e  i n t e r f e r e n c e  on a l l  samples,  

i n  Table  3.2.2.A. 

These r e s u l t s  are also l i s t e d  

The i n t e r f e r e n c e  response t o  cesium i n  normal u r i n e  was q u i t e  

s i g n i f i c a n t ;  consequently;  no at tempt  was hade t o  d i l u t e  t h e  

samples f o r  a n a l y s i s  s i n c e  t h i s  remedy was considered inadequate  t o  

solve t h e  problem. 

Flame photometry r e fe rence  l i t e r a t u r e  i n d i c a t e s  t h a t  t h e  major 



Table 3.2.2.A 

Presence of Lithium and Cesium i n  Urine o r  Interference Contributed 

by Urine i n  t h e  Analysis  of  L i t h i u m  and Cesium by Atornic Absorption 

CONCENTRATION OR INTERFERENCE - PPM 
Subject  No, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

LI 

.o 1 

.01 

.01 

.03 

.03 

,02 

.03 

.03 

.02 

.02 

- Li (Diluted 1O:l) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

c s  - 
5.0 

7.5 

5.5 

6.8 

6.5 

9 .o 

7 .O 

6 . 8  

7 .O 

5.5 



3.2.2 

3 . 3  

(continued) 

c o n t r i b u t o r s  t o  i n t e r f e r e o c e  i n  l i t h i u m  a n a l y s i s  a r e  probably 

potassium, sodium, and calcium. I n  the  cesium a n a l y s i s  t h e  

element be l i eved  t o  be c o n t r i b u t i n g  t h e  major i n t e r f e r e n c e  effects 

is potassium. A f i l t e r  was placed i n  t h e  o p t i c a l  s y s t e m  t o  prevent 

Th i s  d id  not  r e s o l v e  sodium i n t e r f e r e n c e  i n  t h e  cesium a n a l y s i s .  

t h e  problem. 

Trace r  Method Accuracy (For Lithium) 

Some of t h e  v a r i a b l e s  t h a t  may a f f e c t  t h e  an 

tracer are l i s t e d  below: 

(a) Instrument  Accuracy 

(b) P i p e t t e s  (NBS) 

(c)  Urine I n t e r f e r e n c e  

(d) Urine Void Volume 

(e) Lithium S a l t  P u r i t y  

( f )  Urine Sample Temperature 

(g) Barometric P res su re  

(h)  Tracer Adsorption o r  
Absorption on Urine 
C o l l e c t i o n  Bag 

(i) Mixing of Tracer wi th  
Urine 

( j)  Tracer Concentrat ion 

s i s  of t h e  l i t h i u m  

- + 1-2% (may vary wi th  t r a c e r  
concen t r a t  ion)  

+ 0.3% ( f o r  2 ml. - - -I- 0.2% ( f o r  5 m l . )  

- + 0.1% ( f o r  10 ml.) 

.01 t o  ,‘03 ppm, 

L. + 0% ( d i l u t e d  u r i n e )  

(65  m l .  t o  580 m l . )  

( t o  spec t rog raph ic  s t anda rds )  

(Spacec ra f t  and l abora to ry  c o n t r o l )  

(Spacec ra f t  and l a b o r a t o r y  c o n t r o l )  

( R e s u l t s  of sec. 3.5 show no 
d e f i n i t e  i n t e r a c t i o n )  

(Some minimum degree of mixing 
r e q u i r e d .  Actual va lues  unknown) 

( R e s u l t s  of s e x .  3.6 i n d i c a t e  t h a t  
high c o n c e n t r a t i o n  may reduce e r r o r )  



3 . 3  (cont inued)  

Although t h e r e  a r e  s e v e r a l  v a r i a b l e s  t h a t  may i n t r o d u c e  e r r o r s  i n  

a n a l y s i s ,  most of t h e  p o t e n t i a l  v a r i a b l e s  may be checked i n  t h e  

l abora to ry  a g a i n s t  s u i t a b l e  s t a n d a r d s ;  and may, therefore ,  be 

considered non-contr ibutory t o  t o t a l  accuracy. The p i p e t t e s  o r  

s imilar  volumetr ic  measuring equipment used f o r  impregnating t h e  . 

u r i n e  c o l l e c t i o n  bags,  o r  e x t r a c t i n g  a u r i n e  sample  for  a n a l y s i s  

may be s u i t a b l y  eva lua ted  for accuracy a g a i n s t  known s t a n d a r d s .  

The e f f e c t s  of u r i n e  on a n a l y s i s  of l i t h i u m  may be e l i m i n a t e d  by 

d i l u t i o n .  T race r  s a l t  p u r i t y  may be checked a g a i n s t  s t anda rd  

a n a l y t i c a l  s o l u t i o n s  used to  c a l i b r a t e  t h e  spectrophotometer ,  and 

may, t h e r e f o r e ,  be considered t o  c o n t r i b u t e  no e r r o r  t o  t h e  

method, S ince  temperature  and p res su re  a f f e c t  volumetr ic  measure- 

ments, t h e s e  w i l l  need t o  be measured o r  c o n t r o l l e d  w i t h i n  narrow 

l i m i t s  t o  minimize e r r o r .  Assuming adequate c o n t r o l  o r  compensation 

of t h e s e  parameters ,  e s s e n t i a l l y  no e r r o r  should be assumed i n  t h e  

a n a l y s i s ,  

The amount of tracer recommended a t  t h i s  t i m e  i s  determined p r i m a r i l y  

by t h e  accuracy and d e t e c t i o n  l i m i t s  of  t h e  spectrophotometer ,  I n  

o r d e r  t o  minimize e r r o r ,  and a l s o  minimize t h e  amount o f  tracer 

material r e q u i r e d ,  i t  appears t h a t  t h e  procedure should i n c l u d e  a 

q u a n t i t y  of t r a c e r  s u f f i c i e n t  t o  r e s u l t  i n  f i n a l  a n a l y t i c a l  con- 

c e n t r a t i o n  of a t  least  1 ppm. l i t h ium.  I n  orde r  t o  e l i m i n a t e  

i n t e r f e r e n c e  caused by u r i n e ,  i f  w e  assume t h a t  t h e  u r i n e  sample 

must be d i l u t e d  1 O : l  f o r  a n a l y s i s ,  t h e  concen t r a t ion  i n  u r i n e  

should be a t  least 10 ppm. l i t h ium.  This  would r e s u l t  i n  a 

requirement f o r  a t  least 30,7 mg. L i C l  s a l t  f o r  a 500 m l .  void 



3.4 

3.4.1 

3.4.1.1 

(cont inued)  

t h e  ~ R ~ Y S ~ S  of cesium, cesium was not  included as a t r a c e r  i n  t h e  

d i s p e r s i o n  experiments 

of t h e  t e s t s  follows: 

Discussion of the procedures and r e s u l t s  

Procedure A - Dispersion frun Top t o  Bottom of Column 

Approximately 400 m l .  u r i n e  was contained i n  a 500 m l .  column 

(graduated c y l i n d e r  type column), 

sampling tube  was i n s e r t e d  to the bottom of t h e  u r i n e  column, and 

secured i n  place t o  prevent movement of the tube. Five m l .  of a 

1000 ppm, L l  ( c h l o r i d e )  s o l u t i o n  was c a r e f u l l y  p i p e t t e d  on t o  t h e  

The spectrophotometer a s p i r a t i n g  

, s u r f a c e  of t h e  u r i n e ,  and sampling was run on a continuous b a s i s  t o  

t h e  spectrophotometer.  

per iments ,  i n  p re fe rence  t o  t h e  n i t r a t e ,  s i n c e  c h l o r i d e s  were 

a l r e a d y  p resen t  i n  u r i n e  a t  h i g h  c o n c e n t r a t i o n s ;  and t h e  t r a c e r  

s a l t  would c o n t r i b u t e  l i t t l e  t o  t h e  t o t a l  c h l o r i d e  con ten t .  The 

tracer was ob ta ined  by d i l u t i o n  of s t anda rd  c e r t i f i e d  spec t rog raph ic  

s o l u t i o n s .  

up t o  one hour,  sampling was discont inued for one hour,  a r ead ing  

was t aken  a t  two hours ,  t he  u r i n e  s o l u t i o n  was thoroughly mixed 

by capping t h e  column and shaking f o r  one minute,  

was then  taken t o  determine equ i l ib r ium concen t r a t ion .  

The c h l o r i d e  was used i n  a l l  of t h e  ex- 

The average of 100 samplings were r ead  a t  i n t e r v a l s  

Another sample 

Resu l t s  

The r e s u l t s  of t h i s  experiment (Ttible 3 . 4 , 1 , 1 . A )  show t h a t  d i s p e r s i o n  

w 8 s  incomplete i n  a two hour per iod.  



Table 3.4.1.1.A 

DISPERSION PROM TOP TO BQTTOM OF COLUMN 

Time (mfns.) 

2 

5 

7 

10 

15 

20 

30 

40 

48 

56 

60 

Ei Conc., ppm. 

.02 

.02 

.05 

,07 

10 

.12 

.22 

5.02  

4 .46  

6 . 5 6  

6 .54  

Sampling Off For 1 Hr. 

120 11.3 

(Mix Sample) 

124 12.69 

400 m l s .  urine i n  500 ml. column 

I 



3.4.1.1 

3 . 4 . 2  

3.4.2.1 

(cont inued)  

The sampling r a t e  r equ i r ed  by t h e  spectrophotometer  was found t o  

be approximately 0 .5  ml./min. Therefore ,  approximately 30 m l .  of 

s o l u t i o n  was e x t r a c t e d ,  by sampling, dur ing  t h e  f i r s t  hour of t h e  

test  0 

Procedure B - Dispersion From Bottom to  Top of Column 

Two tests were run t o  determine d i s p e r s i o n  r a t e  of t h e  t r a c e r  

from t h e  bottom t o  t he  top  of a u r i n e  colwnn. These tests are 

desc r ibed  below, 

Procedure - Tes t  A 

One hundred m l s .  of u r i n e  were contained i n  a 100 m l .  graduated 

c y l i n d e r .  

i n s e r t e d  t o  t h e  bottom of t h e  u r i n e  colunin wi th  a p i p e t t e ,  and 

the p i p e t t e  was s lowly withdrawn, Sampling was run  cont inuous ly ,  

w i t h  t h e  sampling tube  loca ted  approximately 1/3 of t h e  d i s t a n c e  

down from t h e  t o p  of t h e  s o l u t i o n .  Sampling was cont inued f o r  one 

hour,  the s o l u t i o n  was then  shaken f o r  one minute,  and a f i n a l  

r ead ing  talcen. 

Approximately 1 m l .  of a 100 ppm, Li ( C l )  s o l u t i o n  was 

3.4.2.1, l  R e s u l t s  

The r e s u l t s  are shown on Table  3 . 4 . 2 . 1 . A  and i n d i c a t e  t h a t  d i spe r s ion  

was incomplete a f t e r  one hour. 

Because t h e  procedure,  urine volume, and technique used i n  t h i s  

t e a t  were cons idered  u n s a t i s f a c t o r y ,  a second experiment was 

perfomad which was much b e t t e r  c o n t r o l l e d  and provided more 

s i p i f i c a n t  d a t a  on the d i s p e r s i o n  ra te .  (Test; B ) .  



Table  3.4.2.1.A 

DISPERSION FROM BOTTOM TO TOP OF COLUMN 

Test A* Test B* 
L- 

Time (mfns.) Li Cone., ppn. Time (mins . )  L i  Csnc., ppm. 

2 .58 10 0 

4 60 20 0 

6 .95 30 0 

7 .80 4 5  .01 

9 .75 90 .02 

11 

13 

15 

.72  

.70 

. 7 1  

120 

16 h r s .  

.02 

.36 

(Mix Sample) 

25 

30 
i 

. 7 2  

.73 

16 hrs. 1.76 

1.76 

45 .72 Samples from 

Several Locations 

In Column 

1.75 

1.77 

1.75 

60 .79 

(Mix Sample) 

70 .50 1.77 

1 .75  

* Test A - 100 m l s .  urine in 100 m l .  column 

Test B - 500 m l s .  urine (di luted 1O:l) i n  500 m l .  column 



3 . 4 . 2 . 2  Procedure - T e s t  B 

Considerable  d i f f i c u l t y  had been experienced i n  previous tes ts  

wi th  t h e  plugging of  t h e  spectrophotometer  sampling tub ing  by 

urine. Since  t h e  d i s p e r s i o n  tests should not  be d i s t u r b e d  by 

r epea ted ly  e x t r a c t i n g  and i n s e r t i n g  t h e  tube  i n t o  t h e  s o l u t i o n ,  

itl was decided t o  d i l u t e  t h e  u r i n e  1 O : l  w i t h  d i s t i l l e d  water. 

Di lu ted  u r i n e ,  t h e r e f o r e ,  was used i n  Tes t  B. 

Approximately 500 m l s .  of d i l u t e d  u r i n e  were contained i n  a 

c y l i n d r i c a l  gas  b o t t l e .  The gas  b o t t l e  was equipped w i t h  a 

s topcock at each  end, The b o t t l e  was pos i t i oned  v e r t i c a l l y  wi th  

t h e  upper s topcock open, and the inst rument  sampling tube i n s e r t e d  

approximately 1 inch  i n t o  t h e  t o p  o f  t h e  s o l u t i o n  through t h e  upper 

s topcock.  A small rubber  bulb  was f i l l e d  w i t h  approximately 2 m l .  

of 1000 ppm. L i  ( C l )  s o l u t i o n  and a t t ached  t o  t h e  bottom stopcock.  

The s topcock was opened, t h e  rubber  bulb  was c a r e f u l l y  and s lowly 

squeezed t o  d ispense  t h e  tracer t o  t h e  bottom of  t h e  u r i n e  

s o l u t i o n ,  and t h e  s topcock was then  c l o s e d ,  

Sampling occurred  cont inuous ly  f o r  t h e  f i r s t  45 minutes ,  and re- 

s t a r t e d  f o r  aubsequent readings  a t  1-1/2# 2, and 16 hours e l apsed  

t i m e .  Table  3.4.2.1,A shows t h e  tracer concen t r a t ions  f o r  t h i s  

t i m e  per lod .  Af t e r  t h e  16 hour reading ,  t h e  s o l u t i o n  was thorough- 

l y  shaken f o r  approximately two minutes,  and t h e  sampling tube  

moved t o  s e v e r a l  l o c a t i o n s  i n  t h e  s o l u t i o n  t o  determine v a r i a t i o n s .  

3 . 4 . 2 . 2  .l R e s u l t s  

The resul ts ,  l i s t e d  i n  Table  3.4.2.1.A, show t h a t  complete d i s p e r s i o n  

d i d  n o t  occur  w i t h i n  16 hours .  

between samplings a t  d i f f e r e n t  l o c a t i o n s  i n  t h e  s o l u t i o n  w a s  0.02 ppm, 

o r  ranged from 1 ,75  t o  1.77 ppm. concent ra t ion .  

Af t e r  shaking,  t h e  t o t a l  v a r i a t i o n  



3 . 4 . 3  

3.4.3.1 

Procedure C - Dispersion i n  Urine C o l l e c t i o n  Bag * 

Five  m l s .  of a 1000 ppm. L i  ( C l )  s o l u t i o n  was p ipc t t ed  i n t o  a u r i n e  

c o l l e c t i o n  bag, and t h e  s o l u t i o n  a i r - d r i e d  overn ight .  Approximately 

500 m l s .  of u r i n e  was poured i n t o  Che bag. With t h e  sampling tube  

i n s e r t e d  t o  one corner  of t h e  bag, concen t r a t ion  readings  were 

taken  f o r  two hours .  The s o l u t i o n  was then  mixed f o r  t h i r t y  seconds,  

samples t aken  from s e v e r a l  l o c a t i o n s  i n  t h e  bag; aga in ,  mixed f o r  

t h i r t y  seconds and sampled from s e v e r a l  l o c a t i o n s  i n  t h e  bag. 

Resu l t s  

The r e s u l t s ,  shown i n  Table 3.4.3.1.A i n d i c a t e  t h a t  d i s p e r s i o n  w a s  

incomplete a f t e r  one hour. Af t e r  one 30 second mixing a t  two hours 

t h e r e  was approximately 8 percent  v a r i a t i o n  i n  readings  from 

s e v e r a l  l o c a t i o n s  i n  t h e  bag. 

It w i l l  b e  noted t h a t  because of a misunderstanding on t h e  use  of 

t h e  c o l l e c t i o n  bags ,  t h e  above experiment w a s  performed on t h e  

e i d e  of t h e  bag con ta in ing  polyurethane foam; and, t h e r e f o r e ,  may 

have in f luenced  t h e  r e s u l t s  of t h e  test .  However, i n  l i g h t  of 

t h e  r e s u l t s  of  t he  experiments descr ibed  i n  s e c t i o n s  3.4.1 and 

3.4.2, which employed u r ine  columns, i t  is reasonable  t o  assume t h a t ,  

i n  t h e  absence of mixing, complete d i s p e r s i o n  would occur  a t  a 

comparable slow ra te  i n  t h e  z ipper-enclosed s i d e  of t h e  bag. 

An important  unknown f a c t o r  t h a t  must be cons idered ,  o f  cour se ,  is 

t h e  degree  of mixing ( a g i t a t i o n )  t h a t  w i l l  occur  under a c t u a l  i n -  

f l i g h t  c o n d i t i o n s ,  I f  t h i s  mixing i s  s u b s t a n t i a l ,  the d i s p e r s i o n  

ra te  should be cons iderably  improved. 

*Urine c o l l e c t i o n  bags used i n  a l l  t es t s  were GFP, manufactured by 
F a i r c h i l d  Hiller as t h e i r  p a r t  no. KA-083COOlO. 



Table  3.4.3.1.A 

DISPERSION OF L i C l  IN URINE COLLECTION BAG 

Time (mins .) 

10 

15 

25 

30 

35 

40 

45 

50 

’ 55 

60 

120 

Li Conc., pp m. 

4.47 

4.86 

4.29 

4.46 

4.45 

4 ,56  

4.52 

4.57 

4 . 6 6  

(Mix Sample 30 sec.)  

123 

125 

130 Samples from Several  

135 Locations in Bag. 

.140 Variation 0.59 ppm 

145 or Approx. 8% of 

150 Conc . 
155 

(Mix Sample 30 sec. )  

160 

4.71 

7.6 

7.16 

7 . 2 4  

7 . 3 8  

7 0 5 4  

7.08 

7 049 

7.67 

7.61 

7 .66  



3.5 

3.5.1 

3.5.2 

Adsorption, Absorption, o r  React ion of T race r  w i th  Urine C o l l e c t i o n  

Bag Materials 

Procedure 

Five m l  of a 1000 ppm. L i  (Cl) s o l u t i o n  were p i p e t t e d  i n t o  t h e  

polyurethanq foam s i d e  of each of five urine c o l l e c t i o n  bags,  m d  

t h e  s o l u t i o n  was a i r - d r i e d  f o r  two days p r i o r  t o  t h e  f i r s t  t e s t .  

A t  i n t e r v a l s  of one week, s t a r t i n g  wi th  week 0,  and extending t o  

week 4,  t h e  po lye thy leneon  t h e  f a c e  of t h e  bag was c u t  t o  t h e  

corner8 w i t h  s c i s s o r s  t o  completely expose a l l  s u r f a c e s  of t h e  

bag. 

F ive  hundred mls.’of u r i n e ,  measured a t  2OoC w i t h  a volumetr ic  

f l a s k ,  was poured i n t o  t h e  c o n t a i n e r  and mixed f o r  10 minutes by 

manually a g i t a t i n g  t h e  c o n t a i n e r .  Ten m l s .  of mixed s o l u t i o n  was 

The bag was then  placed i n  a 12 inch  diameter g l a s s  Container .  

withdrawn from t h e  c o n t a i n e r  w i t h  a 10 m l .  p i p e t t e ,  placed i n  a 

100 m l .  volumetr ic  f l a s k ,  d i l u t e d  t o  100 m l s .  w i th  d i s t i l l e d  

water, mixed thoroughly,  and analyzed by inserting t h e  s p e c t r o -  

photometer sampling tube  i n t o  t h e  f l a s k .  

The same p i p e t t e s  and volumetr ic  flasks were used f o r  a l l  tes ts  t o  

hold t h e s e  v a r i a b l e s  c o n s t a n t .  

Resu 1 t s 

The r e s u l t s  o f  t h e s e  tests are l i s t e d  i n  Table 3 .5 .2 .A .  

The l i t h i u m  c o n c e n t r a t i o n  f o r  a l l  of t h e  tests should have been 

1.00 ppm. The r ead ings  a t  0 ,  2 ,  and 3 weeks were wi th in  t h e  

l i m i t s  of e r r o r  a n t i c i p a t e d  f o r  t h e  instrument  c+ 1-2%). The 

r e a d i n g  a t  1 week r e s u l t e d  i n  a 6% e r r o r ;  and a t  4 weeks,  a 5% 

e r r o r .  



Table 3 . 5 . 2 . A  

Adsorption, Absorption, or Reaction of Tracer with Urine Collection 

Bap Materials 

(Tracer and Urine in Polyurethane Foam Side of Bags) 

T i m e  (Weeks 

0 

1 

Lithium Conc,, pp a. 

.99 

.94 

.94 - 2 minutes additional mix 

1 .oo 

98 

.95 

.95 - 5 minutes additional mix 



3.5.2 (cont inued)  

Because t h e  p a t t e r n  of t r a c e r  c o n c e n t r a t i o n  over t h e  4 weelc 

pe r iod  i n d i c a t e s  no d e f i n i t e  t r e n d ,  and cons ide r ing  t h e  e r r o r s  

experienced i n  t h e  series of experiments i n  s e c t i o n  3.6, i t  would 

appear t h a t  t h e  v a r i a t i o n  i n  r e s u l t s  may be a t t r i b u t e d  more t o  

d e f i c i e n c i e s  i n  t h e  technique than t o  i n t e r a c t i o n  of t h e  t r a c e r  

w i t h  t h e  bag. 

3.6 O v e r a l l  Accuracy and F u n c t i o n a l i t y  of t h e  Method 

Experiments were performed t o  determine t h e  o v e r a l l  accuracy and 

f u n c t i o n a l i t y  o f  t h e  tracer method. The tests involved impregnating 

u r i n e  c o l l e c t i o n  bags w i t h  l i t h i u m  t r a c e r , l a n d  d ry ing  the tracer s a l t  

i n  t h e  bags. Urine volumes of 100, 250, and 500 mls. were added 

t o  d i f f e r e n t  bags.  The u r i n e - t r a c e r  mixture was analyzed f o r  

l i t h i u m  c o n c e n t r a t i o n ,  and u r i n e  volumes were c a l c u l a t e d  from 

the ana lyses .  

Two s e t s  of experiments were performed: one us ing  t h e  polyurethane 

foam s i d e  of t h e  bags; and, a f t e r  d i s c u s s i o n  wi th  the c o n t r a c t  

monitor ,  another us ing  the z ippe r -access  sCde of the bag. Since 

t h e  tests invo lv ing  t h e  polyurethane foam s i d e  of t h e  bags were 

somewhat i n v a l i d ,  because of t h a t  s i d e  not normally being used 

f o r  u r i n e  c o l l e c t i o n ,  t h e  data are shown only t o  i n d i c a t e  t h e  

l e v e l s  of accuracy obtained and t o  show t h e  degree of mixing 

r e q u i r e d  t o  e f f e c t  d i s p e r s i o n  of t h e  t r a c e r .  

3.6.1 Procedure - T e s t  A 

Five m l s .  ef a 1000 ppa.  Li (Cl) s o l u t i o n  was p i p e t t e d  i n t o  t h e  



3.6.1 

3.6.1.1 

(cont inued)  

polyurethane foam s i d e  of each of 5 u r i n e  c o l l e c t i o n  bags,  and d r i e d  

ove rn igh t  i n  an oven a t  100°C. 

bag, mixing was accomplished by shaking,  and 10 m l s .  of s o l u t i o n  was 

withdrawn w i t h  a p i p e t t e .  T h i s  was placed i n  a PO0 ml volumetr ic  

flask, d i l u t e d  t o  100 rnls. wi th  d i s t i l l e d  water, mixed, and analyzed. 

A volume of u r i n e  was added t o  each 

Volumes of 100, 250, amd 500 rnls. urine were used for the tests. 

Large,  bored rubber s t o p p e r s  were a t t a c h e d  t o  t h e  adhesive of t h e  

bag openings f o r  adding u r i n e  t o  t h e  bag, and a small s t o p p e r  was 

i n s e r t e d  i n t o  t h e  hole of t h e  l a r g e  s toppe r  t o  e f f e c t  a seal for  

mixing. 

R e s u l t s  

R e s u l t s  of t h e s e  tests a r e  shown i n  Table 3.6.1.1.A. 

The f i r s t  t e s t ,  u s ing  100 mls. of urine, and one minute mixing t i m e s  

a t  5 and 25 minutes e l apsed  t i m e ,  showed a 59. e r r o r  i n  a n a l y s i s .  

This t e s t  was then  r e p e a t e d ,  with longer mixing t i m e s ,  f o r  a t o t a l  

e l a p s e d  t i m e  of 60 minutes .  

c o n c e n t r a t i o n  achieved i t s  proper  l e v e l  r e s u l t i n g  i n  a 0% e r r o r ,  

Under these cond i t ions  t h e  t r a c e r  

The 250 and 500 m l  t e s t s  showed e r r o r s  of 14% and 4X, r e s p e c t i v e l y ,  

u s i n g  t h e  degrees of mixing and e l apsed  times shown i n  Table 

3 . 6 . 1 . 1 . A .  

In order t o  determine i f  t h e  l a r g e  e r r o r  i n  t h e  250 m l .  t e s t  could 

have been caused by i n s u f f i c i e n t  mixing, t h i s  t es t  was r e p e a t e d ,  

except  t h a t  t h e  bag c o n t a i n i n g  t h e  u r i n e  was mixed on a mechanical 



3.6 .1 .1  (continued) 

shaker for 30 minutes prior t o  analys is .  The error was thereby 

reduced from 14% to 3%. 

T a b l e  3 . 6 . 1 . 1 . A  

Overall Accuracy- and Functionality Test A, Various Urine Volumes 
i n  Urine Collection Bags 

(Tracer and Urine i n  Polyurethane Foam S i d e  of Bags) 

, Urine Vol . 
Urine Vol. T ime  from Start  Mixing Time Li Conc., Error by Analysis 

ml . Minutes M i  nut es ppm . X m l .  m l  . 
100 5 

25 

1 
1 

4.77 

5 . 2 4  

4.75 

4.89 

5 .OO 

5 5  95 

100 12 

30. 
60 

IM, 

5 

5 0 0  100 

2 50 8 

30 
60 

2.19 

2.30 

2 . 3 4  14 36 2 14 

500 7 

20 

35 
50 

.90 

.92  

.95 

.96 4 20 

3 8  

520 

2 58 30 
(on mechanical 

shaker) 

1.94 250 40 



3.6.2 Procedure - Test  B 

3.6.2.1 

The procedure for t h i s  set of experiments was t h e  same as t h a t  

desc r ibed  f o r  Tes t  A,  3.6.1,  except  t h a t  t h e  z ipper -access  side of 

t h e  bag was used, and t h e  q u a n t i t y  of  u r i n e - t r a c e r  s o l u t i o n  with- 

drawn for a n a l y s i s  was 1 m l . ,  instead of 10 m l s .  as used i n  s e c t i o n  

3.6.1. 

The 1 m l .  sample was withdrawn from t h e  mixed s o l u t i o n  w i t h  a 1 m l .  

p i p e t t e ,  and placed i n  a small  v i a l .  To t h i s ,  10 m l s .  of  d i s t i l l e d  

water was added wi th  a p i p e t t e .  Th i s  smal le r  sample q u a n t i t y  w a s  

used t o  more c l o s e l y  s imula t e  ac tua l -use  cond i t ions  of a n a l y s i s .  

Resu l t s  

The r e s u l t s  of  t h e  tests a r e  l i s t e d  in Table 3.6.2.1.A. 

The e r r o r s  imposed by t h e  method i n  t h e s e  tes ts  were 1 t o  3%. 

Since t h e  250 and 500 m l  r e s u l t s  showed a 3% error, the  s o l u t i o n s  

were re-mixed by shaking,  and another  1 ml. sample e x t r a c t e d ,  

d i l u t e d ,  and analyzed aga in  as a re-check on t h e  f i r s t  read ing;  

however, no change i n  concen t r a t ion  occurred by re-mixing. 

It w i l l  be noted,  t h a t  t h e  tracer concen t r a t ions  i n  Test B ( t h i s  

s e c t i o n )  v a r i e d  from those  of Test A, s e c t i o n  3.6.1, s i n c e  t h e  

d i l u t i o n s  are d i f f e r e n t .  The d i l u t i o n s  i n  T e s t  A were 9 water and 

1 s o l u t i o n ,  whi le  those  i n  Test B were 10 water and 1 s o l u t i o n ,  

The e f f e c t  of  t h e  v a r i a t i o n  i n  d i l u t i o n  was included i n  t h e  

c a l c u l a t i o n  of t h e  r e s u l t s  as shown, 

The r e s u l t s  of t h e s e  f i n a l  tests show t h a t  l i t h ium may be used 

as a tracer for u r i n e  volume de termina t ions .  It is be l i eved  by 



3.6.2.1 (continued) 

t h e  i n v e s t i g a t o r s  t h a t  through a more e x t e n s i v e  program, invo lv ing  

a g r e a t e r  number of samples and r epea ted  use  of t h e  method, t h a t  

the  volume e r r o r s  could be reduced. Since this program involved 

a somewhat l i m i t e d  number of tests,  t h e  i n f l u e n c e  of a l l  v a r i a b l e s  

t h a t  may c o n t r i b u t e  t o  e r r o r  has not  been thoroughly eva lua ted .  

Improvements might be r e a l i z e d ,  f o r  i n s t a n c e ,  by use of higher  

c o n c e n t r a t i o n s  of t r a c e r ,  better mixing, o r  by at tempting t o  reduce 

in s t rumen t  e r r o r  by improved technique.  

Table 3.6.2.1.A 

O v e r a l l  Accuracy and F u n c t i o n a l i t y  T e s t  B, Various Urine 

Volumes i n  Urine C o l l e c t i o n  Baps 

(Tracer  and Ur ine  i n  Z i p p e r  Side of Bags) 

Urine Vol.  
Urine Vol. Time from Star t :  Mixing Time L i  Conc., Error by Analysis  

m l  . Minut e s Mi nut e s PPm % ml. ml . 
100 12 

2 50 8 

30 

500 10 

30 

~ ~ ~ -~ ~ 

10 4.50 1 1  10 1 

5 1.88 

5 1.88 3 8  24 2 

5 .94 

5 .94 3 16 484 

3.7 Determination of Urine I n t e r f e r e n c e  i n  the  Analysis of Chromium 

and Stront ium 

Because u r i n e  i n t e r f e r e n c e  i n  the a n a l y s i s  of cesium ( s e c t i o n  3.2) 

was found t o  b e  high,  u r i n e  samples were analyzed f o r  chromium and 



3.7 

3.7.1 

4.0 

4.1 

(cont inued)  

s t ront ium,  s i n c e  t h e s e  elements appeared t o  be  s u i t a b l e  cand ida te s  

f o r  c o n s i d e r a t i o n  as t r a c e r s  i n  f u t u r e  s t u d i e s .  

Chromium was determined by atomic absorp t ion ,  and s t ron t ium w a s  

determined by flame emiss ion ,  

Resul t s  

The r e s u l t s  show a response t o  chromium of 0.02 ppm, and t o  

s t ron t ium of 0.18 ppm. The response t o  chromium appeared t o  be 

comparable t o  t h a t  of l i th ium.  Therefore ,  chromium might b e  con- 

s i d e r e d  a candida te  as an a l t e r n a t e  o r  supplement tracer t o  

l i t h i u m  i n  f u t u r e  s t u d i e s .  

The response t o  s t ron t ium was higher  than  t h a t  t o  chromium. How- 

e v e r ,  i t  may be  poss ib l e  i n  f u t u r e  s t u d i e s  t o  reduce t h e  i n t e r f e r e n c e  

t o  lower accep tab le  l e v e l s  through use of o p t i c a l  f i l t e r s  or 

a i m i l a r  modified ins t rumenta l  technique.  Stront ium may, t h e r e f o r e ,  

provide another  a l t e r n a t i v e  t o  t h e  use of l i t h ium,  i n  t h e  event  

t h a t  t h i s  i s  d e s i r a b l e  i n  t h e  f u t u r e .  

SUMMARY 

L i t e r a t u r e  Search  

A s ea rch  o f  t h e  l i t e ra ture  revea led  no r e fe rence  t o  t h e  presence 

of l i t h i u m  i n  u r i n e .  The only r e fe rences  t o  t h e  presence o f  cesium 

involved s t u d i e s  of d e t e c t i o n  of extremely low l e v e l s  of r a d i o a c t i v e  

cesium-137. 



4.2 I n t e r f e r e n c e  of Urine i n  Analysis  of Trace r  

4 . 3  

4 .4  

Urine specimens obta ined  from t e n  male s u b j e c t s  were analyzed fo r  

l i t h ium and cesium by atomic absorp t ion  spectrophotometry.  The 

response t o  l i t h i u m  ranged from .01 t o  .03 ppm. This  i n t e r f e r e n c e  

was reduced t o  ze ro  response by 10:1 d i l u t i o n  wi th  water. 

I 

The instrument  response t o  cesium ranged from 5 , O  t o  9.0 ppm. 

Th i s  was be l i eved  t o  be p r imar i ly  a response t o  potassium conta ined  

i n  the  u r i n e .  

Method Accuracy 

The accuracy of  t h e  method appeared t o  be  l i m i t e d  p r imar i ly  by 

t h e  in s t rumen ta t ion  and degree of mixing of t h e  tracer wi th  u r i n e ,  

and perhaps by t h e  l e v e l  of t r a c e r  concen t r a t ion ,  Assuming good 

c o n t r o l  over  t h e  mechanics involved i n  t h e  use of t h e  method, 

t h e  ins t rument  appeared t o  be  t h e  major l i m i t a t i o n .  Th i s  should 

have a f f e c t e d  accuracy by no more than  1 t o  2%. Higher tracer 

concen t r a t ions  and improved technique could reduce t h i s  l e v e l  of 

e r r o r  i n  f u t u r e  de te rmina t ions .  

Dispers ion  of Trace r  in Urine 

Experiments on d i s p e r s i o n  of l i t h i u m  c h l o r i d e  i n  u r i n e  showed t h a t  

d i s p e r s i o n ,  i n  t h e  absence of mixing, was incomplete i n  t w o  hours 

i n  two t e s t s ,  and i n  16 hours i n  another  t e s t .  These r e s u l t s  

i n d i c a t e d  t h e  n e c e s s i t y  fo r  some degree of supplemental  mixing 

of the u r i n e - t r a c e r  s o l u t i o n  p r i o r  t o  e x t r a c t i n g  a sample f o r  

a n a l y s i s .  



4.5 

4 . 6  

4.7 

5 .O 

Interaction of Tracer with Urine Collection Bag 

Experiments to determine possible interaction of the tracer with 

urine collection bag materials showed no definite trend over a 

four week period. 

considered to be a result of deficiencies in the technique, 

rather than interaction of the tracer with the bag. 

The deviation f r ~ ~  anticipated results was 

Overall Accuracy and Functionality 

Experiments were performed to determine the overall accuracy and 

functionality of the method, 

umes of 100, 250, and 500 mls. urine in collection bags resulted 

in volumes by analysis of 101, 242,  and 484 mls., or errors of 

1 ,  3 ,  and 3% respectively. Repeated use of the method and improved 

techniques show promise of reducing these errors to acceptable 

levels, 

Tests involving the use-of urine vol- 

Chromium and Strontium as Alternative Tracers 

Urine specimens were analyzed for chromium and for strontium, 

since these elements might also be feasible tracers, either as 

alternatives t o  the use of lithium, or as supplements to lithium 

in improving the accuracy of the method. The instrument response 

to chromium was 0.02 ppm., and to strontium 0.18 ppm. 

RECOMMENDATIONS 

The observations and results of the project have suggested certain 

areas that should be investigated in order to more fully under- 

stand the errors involved in the lithium tracer method, and to 

reduce error and increase reliability of the method, The following 



5.0 

5.1 

5.2  

(cont inued)  

recommendations are made f o r  c o n s i d e r a t i o n  i n  t h e  next  phase of 

i n v e s t i g a t i o n  t o  apply t h e  t r a c e r  method f o r  u r i n e  volume 

de te rmina t ions :  

Determine t h e  E f f e c t  of Lithium Tracer Concen t r a t ion  on Urine 

Volume Error 

R e s u l t s  of t h e  accuracy t e s t s  i n  s e c t i o n  3.6 suggest  a higher  level 

o f  accuracy wi th  5 ppm. l i t h i u m ’ c o n c e n t r a t i o n  than  a t  lower 

c o n c e n t r a t i o n s .  Experiments should b e  performed which inc lude  a 

g r e a t e r  number of r e p e t i t i o n s ,  and higher  concen t r a t ions  of l i t h i u m  

t o  determine e f f e c t s  on accuracy and r e p e a t a b i l i t y ,  and t o  i n c r e a s e  

confidence i n  t h e  r e s u l t s .  T o t a l  instrument scat ter  a t  va r ious  

c o n c e n t r a t i o n s  should a l s o  be determined. 

Mlnimum Mixing Time 

Determine t h e  minimum mixing t i m e  r equ i r ed  for 

of t h e  t r a c e r  i n  u r i n e  contained i n  t h e  c o l l e c  

c omp 1 e t  e d i s per  s i o n  

ion  bag. 

5.3 Minimum Depree of D i l u t i o n  

Determine t h e  minimum degree of d i l u t i o n  r e q u i r e d  t o  e l i m i n a t e  

u r i n e  i n t e r f e r e n c e  i n  t h e  a n a l y s i s  and t o  prevent plugging of t h e  

sampling tube of t h e  spectrophotometer.  

5.4 

5.5 

Instrument  E r r o r  

I n v e s t i g a t e  p o s s i b i l i t i e s  f o r  reducing instrument error. 

Chromium and Stront iula  as Trace r s  

Consider t h e  use of chromium and s t ron t ium as tracers.  I n  addition, 



5.5 

5 .6  

(continued) 

consider the possible use of two or more elements, such as lithium 

and chromium to be included as tracers, with analysis of both  

elements. Determine effects of multi-tracers on accuracy. 

Solvents as Dfluenes 

Consider the use of solvents as diluents f o r  urine, and determine 

effects on dilution ratio requirements to prevent plugging of the  

spectrophotometer sampling tube, as well as effects on accuracy 

and instrument scatter. 



ADDENDUM TO FINAL’REPORT 

Cont rac t  No. NAS 9-10528 

I n  response t o  r eques t  by R. L ,  Sauer ,  c o n t r a c t  monitor ,  t h e  fo l lowing  

informat ion  i s  provided as supplement t o  F i n a l  Report of  Cont rac t  

NAS 9-10528. 

1. T h e o r e t i c a l  and Actual Tracer  Concent ra t ions  i n  Dispers ion  Experiments 

T h e o r e t i c a l  de te rmina t ions  of equi l ibr ium tracer concen t r a t ions  in -  

volved i n  experiments 3.4.2 and 3.4.3 cannot be accura t e ly  e s t a b l i s h e d  

because t h e  experimental  proceduras d i d  not  i nc lude  accu ra t e  volumetr ic  

measurement of tracer and/or u r i n e  volunies. 

of t h e  tes ts  was t o  determine t h e  ra te  of  t r a c e r  d i spe r s ion ,  r a t h e r  

than  a c t u a l  end poin t  a n a l y s i s ,  volumetr ic  measurements were cons idered  

t o  be i r r e l e v a n t  t o  t h e  problem, and, t h e r e f o r e ,  were only approxtmata. 

S ince  t h e  primary purpose 

The experiment of 3.4.1, however, i s  somewhat more amenable t o  be ing  

analyzed because of t h e  n a t u r e  of  t h e  experimental  procedure,  s i n c e  

t h e  tracer s o l u t i o n  was p i p e t t e d  on to  t h e  u r i n e  s u r f a c e .  The u r i n e ,  

however, was not  accu ra t e ly  measured vo lumet r i ca l ly ,  and, t h e r e f o r e ,  

may be expected t o  account f o r  a dev ia t ion  between t h e o r e t i c a l  and 

a c t u a l  va lues .  The fo l lowing  i s  shown as a d e r i v a t i o n  of t h e  p r e -  

d i c t e d  equ i l ib r ium tracer concen t r a t ion  involved i n  experiment 3.4.1: 

5 m l ,  1000 ppm L i  i n  400 m l .  = 405 m l .  t o t a l  

5 0 0 0 3 g / 4 0 5  m l .  = 12.33 pprn theo .  conc. 

Removed i n  Sampling: 30 m l .  at ave. 2.35 ppm conc. 

30 x 2.35 = 70.5yg L i  removed 

5 0 0 0 ~ g  - 70.5 = 4930> remaining 

405 ml. - 30 = 375 m l .  remaining 

a 4930 , = 13.1 pprn t heo .  ad jus t ed  conc. Urine v o l .  approx. 

(12.69 pprn a c t u a l )  
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2 .  Method of  Mixing i n  3.6.2.1 A.  

T h e  u r i n e  was mixed wi th  the  t r a c e r  by c l o s i n g  t h e  z ippe r  of t h e  bag 

and shaking by hand a t  a r a t e  of approximately 120 shakes per minute.  

3. Method of  Urine Addition i n  Bag Tests 

Bag T e s t  o f  3.6.1.1.A 

A g l a s s  funnel  was a t t ached  t o  t h e  i n s i d e  bore of  t h e  rubber  

s toppe r  used t o  s e a l  t o  t h e  adhesive of  t h e  bag opening, 

u r i n e  was added t o  t h e  bag by pouring i n t o  t h e  funnel  from t h e  

volumetr ic  f l a s k s  used f o r  nieasuring u r i n e  volumes. 

The 

Bag Tes t8  of  3.6.2,l.A 

The u r i n e  was poured d i r e c t l y  i n t o  t h e  bags from t h e  volumetr ic  

f l a s k s  used t o  measure u r i n e  volumes. 

Bag T e s t s  o f  3.4.3.1.A 

The u r i n e  was added t o  t h e  bag by slowly pouring from a beake r ,  

Pouring produced l i t t l e  a g i t a t i o n  i n  t h e  s o l u t i o n .  However, i t  

w i l l  be  noted t h a t  dur ing  t h e  pouring i n  t h i s  p a r t i c u l a r  t e s t ,  

some of  t h e  s o l u t i o n  overflowed from tb bag opening due t o  

d i f f i c u l t y  experienced i n  holding t h e  opening i n  an open con- 

d i t i o n  i n  a bench-clamp arrangement. Af t e r  pouring, and a f t e r  

a s l i g h t  adjustment of t h e  clamp, t h e  bag was l e f t  i n  an undis-  

tu rbed  cond i t ion  f o r  t h e  d u r a t i o n  of t h e  t e s t .  

4.  Recomendat ions Related t o  Estimated Tracer  Concentrat ion for 

Maximum S e n s i t i v i t y  

The r e s u l t s  of s e c t i o n s  3.6.1 and 3.6.2 would suggest  t h a t  t h e  

a n a l y s i s  of t h e  l i t h ium t r a c e r  a t  approximately 5 ppm concen t r a t ion  
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r e s u l t e d  i n  b e t t e r  accuracy than a t  lower concen t r a t ions .  If t h e s e  

r e s u l t s  can be considered r e a l  ( t h a t  i s ,  r e s u l t s  are based on a 

l i m i t e d  number of t e s t s ) ,  then i t  would a p p e a r  t h a t  accuracy of t h e  

o r d e r  of 2 1% or  g r e a t e r  should occur  wi th  t r a c e r  concen t r a t ions  of 

5 ppm and h ighe r .  

A 5 ppm concen t r a t ion  i n  500 m l .  void volume, s o l u t i o n  d i l u t e d  1 O : l  

f o r  a n a l y s i s ,  would r e q u i r e :  

5 9 / m l .  x 500 m l .  x 10 = 25 mg LL (153 m g  L iC1)  

Th i s  amount of t r a c e r  would r e s u l t  i n  a n a l y t i c a l  concen t r a t ions  of 

t r a c e r  i n  va r ious  void volumes as fol lows:  

Urine L i  Conc. Ana ly t i ca l  Conc. 
Void Vol. i n  Urine (Di lu ted  10: 1) 

m l  . P P'n PPm 

100 2 50 25 

2 50 100 10 

500 50 5 


