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The reproducibility of repeated meaauremenb of total body water (TBW) in the 
eame individual, by meana of an isotope technic, wan dependent on the percentage 
clearance of the botope per week and the interval between determhtiom. Studiea 
of six nornu1 rubjecta, with percentage cleanncea ranging from 41% to 80% par 
week, rhowed that a sample-to-background counting rate ratio of at l a a t  e:1 Wan 
nceesoary to obtain reproducible values. The variance w u  found to be about l%, 
or -C 0.6 liter. The 2-week interval wan the minimal time interval which gave 
reproducible valuer for individuals having a percentage clmnnce within n o d  
bib (46% to 96%). 
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REPRODUCIBILITY OF REPEATED TOTAL BODY WATER MEASUREMENTS 
WITH TRITIUM 

I. INTRODUCTION 

A basic requirement for performing re- 
peated radioisotope determinations is that the 
sample counting rate must exceed the back- 
ground. Generally, with the first determina- 
tion, the background is very low in relation to 
the sample counting rate. Depending on how 
fast the radioisotope is cleared from the sys- 
tem, and how the time interval between deter- 
minations is varied, however, the background 
can increase until it is equal to or more than 
the sample counting rate. At  this point, no 
further determinations can be made until the 
background is lowered. 

The determination of total body water is 
normally performed only once, and in these 
cases the background is not a problem; but 
some long-term metabolic studies necessitate 
measuring total body water (TBW) repeatedly 
in the same individual. This report shows the 
reproducibility of repeated determinations of 
total body water by use of a tritium technic 
(1) over a 10-week period. Also presented is 
the effect of changes in the percentage clear- 
ance, and in the time interval between determi- 
nations on this reproducibility. 
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The liquid scintillation spectrometer is a 
device for measuring low-energy beta and 
gamma radiation, Samples to be counted are 
immersed in scintillator fluid. The scintillator 
converts the radiation energy to photons of 
light. The photons are recorded by a photo- . 
multiplier, which converts the photon energy 
to electrons. Dual photomultipliers, arranged 
in a coincidence circuit, are used. In this way, 
only photons which strike both photomultipliers 
at the same relative instant are recorded. This 
arrangement is necessary to reduce the “noise” 
caused by natural background radiation. To 
reduce this background further, the sample is 
placed in a dark freezer compartment (3” C.) 
for 1% hours before counting. The counting 
chamber is inside the freezer compartment. 

The scintillator solution is composed of 
naphthalene, pdioxane, Z,Bdiphenyloxazole, 
and 1,4-bis-2, (Bphenyloxazolyl) -benzene. The 
solution is prepared by adding, to 1 gallon of 
pdioxane: 505 gm. of naphthalene; 30 gm. of 
2,5diphenyloxazole ; and 0.95 gm. of 1,4-bis-2, 
(5-phenyloxazolyl) -benzene. This preparation 
is mixed until all solids dissolve, and then is 
stored in an amber bottle. 

III. METHOD 
11. MATERIALS 

The tritiated water was a sterile solution 
containing benzyl alcohol (0.9%) to prevent 
bacterial growth. The specific activity was 
1 mc./gm., with a concentration of 1 mc./ml. 
The radiochemical purity was 98% and the pH 
was 7. The solution was diluted with distilled 
water to 25 pc./ml., so that 10 ml. gave a dose 
of 250 pc. The total body dose from tritium, 
a low-energy beta emitter, was 19 mrads per 
determination. 

The subject must arrive at the radioisotope 
laboratory after at least 8 hours of complete 
fasting (no water). The most convenient fast- 
ing period for the subject is between 12:OO 
midnight and the time of his arrival at the 
laboratory in the morning. If he has had a 
previous TBW determination, a blood sample 
must then be drawn to measure the back- 
ground. The next step is to give the subject 
10 ml. of tritiated water to drink, followed by 
an additional 10 ml. of water. The subject is 
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then instructed to return to the laboratory in 
3 hours and is admonished not to drink any 
water. 

After 3 hours, a 6 ml. sample of whole blood 
is drawn. This sample is allowed to clot, and 
the serum is separated by centrifugation. One 
ml. of the serum is used for the determination. 
The serum is divided into two 0.6 ml. aliquots 
(one sample, and one standard), and these are 
placed in centrifuge tubes. To the sample ali- 
quot, 0.6 ml. of water is added. To the stand- 
ard aliquot, 0.5 ml. of a 1:60,000 dilution of 
the 260 pc. dose is added. Next, 10 ml. of the 
scintillator fluid are added to both tubes. The 
tubes, the contents of which are well mixed, 
are centrifuged for IO minutes at 2,500 r.p.m. 
After centrifugation, the supernatant fluid is 
decanted into liquid scintillation vials marked 
“sample” and “standard.” The fluid in each is 
now ready for counting. Because both vials 
contain 0.5 ml. of serum, any quenching effect 
produced by the serum proteins or color is 
eliminated. 

The total body water is calculated by means 
of the standard formula for the isotope dilution 
method of volume determination : 

total activity 
sample activity 

TBW = 

in which the total activity value is the product 
of the standard counts per minute (c.p.m.) 
multiplied by the dilution factor. The stand- 
ard activity represents a 1 :50,000 dilution-of 
the 260 pc. dose. In addition, because human 
serum is only 94% water, a correction factor 
is needed (2). This addition enlarges the 
formula to: 

standard c.p.m./O.6 ml. x (60,000 x 0.94) 

sample c.p.mJ0.6 ml. 
TBW = 4 

The background must then be subtracted from 
the sample c.p.m. to arrive at the sample activ- 
ity. Also, because 0.5 ml. of sample serum was 
added to the standard, the gross sample c.p.m. 
must be subtracted from the gross standard 

c.p.m. to obtain the net standard c.p.m. With 
these additions, the formula becomes : 

(standard c.p.m. - sample c.p.m.) (47,000) 

(sample c.p.m. - background c.p.m.) 
T8W = 

Once the TBW has been calculated, the lean 
body mass, fat mass, and ideal body weight can 
be calculated indirectly. Under the assump 
tions that water makes up 73% of the lean 
body mass and that the remainder (fat) 
contains essentially no water, the lean body 
mass can be determined by dividing the 
TBW by 0.73(1). This value (in kilograms) is 
then subtracted from the subject’s actual 
weight to obtain the fat  mass in kilograms. 
These values are used to calculate the per- 
centage of lean body mass and percentage of 
f a t  by dividing each value by the total weight 
and then multiplying by 100. A final factor 
which can be calculated is the ideal body 
weight, which is based on the assumption that 
the ideal for men is 1‘7% body fa t  (3). To find 
this value, the lean body mass is divided by 
0.83. 

! 

IV. RESULTS 

.The subjects used for all experiments were 
volunteers. These were six healthy males 
ranging in age from 18 to 40 years. The first 
determination was the percentage clearance of 
tritium per week from the circulation. A total 
body water procedure was performed with the 
standard 260 pc. dose of tritium. Seven days 
later, a serum sample was collected and the 
background level of tritium determined. The 
change from the sample counting rate on the 
initial date to the background level 7 days later 
was calculated. Dividing this value by the 
initial sample counting rate gave the per- 
centage clearance in 1 week. Shown in table I 
are the values for our six subjects, and the 
percentage clearance within 7, 14, 21, or 
28 days. The variance in percentage clearance 
between individuals can be seen in this table. 

The first subject studied had a clearance of 
80% within 7 days. After a 250 pc. dose his 
background would therefore drop to 20% of 
the dose given in 1 week, and the contribution 
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from this dose would be essentially zero after 
2 weeb. Thus, .theoretically, his background 
would never rise higher than about 20% of the 
dose given, if the total body water was meas- 
ured weekly. Since this theory would give a 
sample-+background ratio of at least 4 :1, the 
total body water value should be reproducible. 

TABLE I 
Percent clearance of 250 pc. tritium dose 

Subject I Number of days 
I I 

I I I I 
I 

(percent cleannee) 

96 

72 

66 

70 

72 

70 

99 

85 

79 

a4 

85 

84 

100 

92 

89 

91 

92 

91 

TABLE I1 
Reproducibility of total body water 

measuremenGsub ject 1 only 

Week 

~~ 

1 

2 

8 

4 

8 

9 

10 

Mean 

Range from 
lowert to 
highert value 

Back- 1 ground 
(lib=) (c.p.m.1 

42.06 

40.70 

42.30 108 

42.18 

42.04 

2.60 

13.47 

71.66 

71.66 

71.66 

71.66 

71.66 

70.96 

71.81 

2.60 

TBW 
(ml./kg.) 

68.80 

68.61 

68.46 

68.70 

66.80 

69.04 

69.44 

68.64 

2.24 
[or 1.32 
liters] 

. d '  

The subject's total body water was determined 
7 times over a 10-week period of tests. Determi- 
nations 1 through 4 were 1 week apart, as were 
determinations 8 through 10. A 4-week period 
occurred between determinations 4 and 8, be- 
cause only 4 determinations were allowed per 
6week period (4). The results of these deter- 
minations are shown in table 11. The assumption 
was that the total body water measurement 
should remain fairly constant, because the sub- 
ject was not subjected to any experimental 
stress and continued his normal routine. The 
total range of variation was 2.5 liters (or k 3% 
of a mean value). The background counting 
rate never exceeded 138 c.p.m.-or 103 counts 
above the natural background. If a count 
rate from the 250 pc. dose is assumed to be 
450 c.p.m., this count rate (background) is 
approximately 20%, as predicted prior to the 
experiment. The weight varied through a 
range of 2.50 kg. If this source of variance 
is removed by calculating the total body water 
in milliliters per kilogram, the range is reduced 
from 2.50 to 1.32 liters. 

In the next experiment, subjects 2 through 
6, who had clearances of 41 % to 47 % per week, 
were tested at 1-week intervals for 3 weeks. 
With this rate of clearance, the experiment 
could not continue beyond 3 weeks because the 
background became equal to (or greater than) 
the sample count rate. The results are shown 
in table 111. The total body water values 
ranged from 3.0 to 3.8 liters, with an average 
of 3.4 liters. This average range of 3.4 liters 
is compared to a range of 2.5 liters with sub- 
ject 1. The difference is almost 1 liter. 

In the next experiment, subject 2 was meas- 
ured at 2-week intervals. By calculation, with 
a percentage clearance of 72%, the background 
should never increase above about 200 c.p.m. 
The ratio of sample-to-background counting 
rate would then be 2:l. The results of these 
repeated determinations are shown in table IV. 
The range of the total body water values was 
2.20 liters, & compared with a range of 3.8 
liters when subject 2 was measured at weekly 
intervals. When the variation due to weight 
changes was eliminated by calculating the total 
body water in milliliters per kilogram, the 
range was reduced to 0.80 liter. 
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Examination of the previous results shows 
that the range can be kept to about 1.0 liter 
(0.80 to 1.32), if the background is not allowed 
to exceed about 200 c.p.m. The interval be- 
tween determinations should be selected so 
that the background will not become greater 
than a ratio of 2:l. At this ratio, determina- 
tions can be performed indefinitely with this 
time interval. After the ratio reaches 1:1, 
however, no further determinations can be 
made. Because of individual variation in the 
percentage clearance in 1 week, the optimum 
interval to reach the 2:l ratio will vary. The 
change in interval with increasing percentage 
clearance from 25% to 95% is shown in table V. 

Background 
(c.p.m.) 

For clearances from 66% to 9S%, a 1-week in- 
terval is sufficient (table V). For intervals 
from 45% to SO%, a %week interval is needed. 
For intervals from 25% to 40%, 3- to 4-week 
intervals between determinations are neces- 
sary. Because most individuals would fall 
between 45% to 95% clearance, a 2-week inter- 
val would generally be safe, even without 
knowledge of the actual clearance. 

body (liters) water 

V. DISCUSSION 

~- 

Background 
(c.p.m.1 

85 

38 

37 

38 

37 

The range in total body water with re- 
peated determinations is about 1.0 liter, if the 

TBW 
(liters) 

49.23 

46.44 

42.69 

41.43 

46.36 

TABLE I11 
Reproducibility of TBW measurementweekly interval 

- 
361 

406 

396 

386 

I Week 1 I Week 2 

3.8 

3.0 

3.8 

3.0 

3.6 

3.4 

subject 1 TBW 
(liters) 

2 

3 

4 

6 

6 

Mean range 

46.38 

49.33 

43.24 

42.02 

47.68 

Total body water Background Weight 
Week (liters) (c.p.rn.1 (kg.) 

1 46.69 36 93.88 

3 48.78 166 95.24 

6 47.48 256 93.88 

Mean 47.61 94.34 

Range 2.20 1.36 

I 

Total body water 
(rnlJkg.1 

49.63 

61.22 

50.68 

60.47 

1.58 
[or 0.80 
liter] 

Background 
(c.p.m.) 

240 

266 

266 

280 

266 

Range in total Week 3 

TBW 
(liters) 

48.39 

39.69 

43.93 

48.91 

TABLE IV 

Reproducibility of repeated total body water measurement-sub ject 2, 
two-week intervals 
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variation caused by weight changes is elimi- 
nated. This range is approximately equal to 
a range in the total body water measurement 
of about 1%. This small error is almost 
entirely due to variation in the counting rate 
produced by the liquid scintillation spectrom- 
eter. Although all samples are counted to 
well over 10,000 c.p.m., about 1% error in the 
counting rate remains. 

1 2 3 

TABLE V 
Interval needed to reach optimum sample-to- 

background ratio 

a 
Percent 

clearance 

26 

80 

36 

40 

46 

60 

66 

60 

66 

70 

16 

80 

86 

90 

96 

Week 

Sample-to-background rstior 

1 :3 

1:2 

1 :2 

1:1.6 

1:1.2 

1:l 

1.2:l 

1.6:l 

2:l 

2:l 

3: l  

4:l 

7:l 

1 O : l  

20:l 

1:1.2 

1:l 

1.4:l 

1.8:l 

2:l 

3:1 

4:l 

6:l 
- 
- 
- 
- 
- 
- 
- 

If the total body water is to be measured 
over a period of two months or more, a'major 
limiting factor on the number of repeats pos  
sible is that  imposed by the Byproduct Material 
License (4). This limit is 4 determinations 
per 6week period. If the time interval need 
not be constant, this limit would allow 8 deter- 
minations per 12 weeks. If a constant time 
interval is needed, a Zweek interval can be 
used, thus allowing 6 determinations per 12 
weeks (the maximum permissible number 
which could be done in 12 weeks, with a con- 
stant time interval). Because most individuals 
have a clearance per week ranging from 46% 
to 9S%, a %week interval would give reproduci- 
ble results. From both approaches, the Zqeek 
time interval would be acceptable for most 
studies. 

This same method can be used to find the 
minimum time interval for other isotopic meaa- 
urements of total body water, such as those 
using deuterium as the label (6, 6). A b u t  
14 days (100% turnover) is the clearance rate 
for both deuterium- and tritium-labeled 
water (2). In the deuterium assay (as in the 
tritium assay), the background must be s u b  
tracted before the value can be calculated; 
therefore the interval between repeated deter- 
minations must also be related to the percent 
age clearance per. week. Moreover, in this 
procedure, the relatively small difference be- 
tween the background value and sample value 
makes even slight risea in the background 
introduce variation in the final value. For this 
reason, the interval between TBW measure- 
ments with deuterium would probably have to 
be as long as the 100% clearance time. In 
order to include most individuals, the minimum 
satisfactory time interval for repeated TBW 
determinations using deuterium-lamed water 
would be 4 weeka. 
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