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ABSTRACT 

A procedure is described for the determination of total body water content of 
human subjects by use of doses of 11 to 12 gm. of D,O, vacuum sublimation of serum 
samples, and quantitaiion of the deuterium by infrared spectrophotometry a t  
2,510 cm-1 Experimental data a re  presented relevant to  in viva equilibration of 
D:O, day-to-day reproducibility of sublimation and spectrophotometric assay. recovery 
of added D,O, and results obtained with the procedure compared to  a technic for  
tritium oxide dilution. The coefficient of variation based on day-to-day reproducibility 
of procedure is less than 2%. D,O added to serum is essentially completely recovered 
in the sublimation and assay operations. The D,O dilution procedure compares 
favorably with the tritium dilution technic. Values obtained on 46 out of 46 indi- 
viduals fall within the k 3 combined S.D. l imib for the two methods. 
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DETERMINATION OF BODY WATER CONTENT USING TRACE LEVELS OF 
DEUTERIUM OXIDE AND INFRARED SPECTROPHOTOMETRY 

I. INTRODUCTION 

Deuterium oxide dilution has been exten- 
sively used for the measurement of total body 
water content in mammals. A large volume 
of experimental evidence indicates that  D20 is 
readily absorbed by the gastrointestinal tract 
and equilibrates with the body water within a. 
few hours. On the  basis of a limited num- 
ber of deuterium estimations in urine and 
plasma, there does not seem to be a significant 
degree of selective excretion of DzO by wag 
of the kidney. In addition, deuterated water 
is not radioactive and is nontoxic in tracer 
amounts (1). Numerous comparative investi- 
gations have indicated close agreement among 
the volumes of total body water determined 
through deuterium dilution and tritium dilu- 
tion. and those measured directly by desic- 
cation (2, 3). 

Deuterium oxide in plasma has, in the past, 
been quantitated by a variety of methods in- 
cluding the falling drop technic (4) ,  mass 
spectrometry (5). freezing point elevation (S), 
gas chromatography (7) ,  and infrared absorp 
tion (8. 9). Invariably, however, the sensitivi- 
ties of the methods have demanded the 
administration of relatively large doses of D,O 
to subjects or have, in themselves, been labori- 
ous and time consuming. 

This paper describes a method for determin- 
ing total body water content in human subjects 
using deuterium oxide dilution, vacuum sub- 
limation of plasma samples, and quantitztion 
by means of infrared absorption (4, 10). The 

chief advantages of the procedure are the rela- 
tively small dose of DzO (10 ml.) needed for 
adult subjects and the ease of assay as well as 
satisfactory accuracy and precision. 

11. BASIS OF ASSAY 

When pure deuterium oxide and pure water 
are mixed, the following equilibrium occurs: 

H,O + D,O .$ 2 HOD 

The equilibrium constant for the reaction is 

[HOD12 

[HzOl tDzOl 
K =  = 3.80 at 25" C. 

When the deuterium concentration is less than 
3 vol. %, the solution is comprised essentially 
of only the two molecular species, HzO and 
HOD. The concentration, then, of 0 to 1 vol. 7% 
of D,O can be adequately assayed by measure 
ments of the 0-D fundamental vibration band 
of HOD at 3.98 (2,513 cm.-l). Since this 
point is specifically associated with HOD, i t  is 
possible to make quantitative measurements of 
this structure a t  2,513 cm.-' when the HOD is 
in an aqueous distillate from a more complex 
system. 

111. MATERIALS AND METHODS 

Reagents 

The deuterium oxide used in this study was 
99.76% (w/w) enriched. The purity of the DzO 
solution was verified by measuring its density 
at 20.00" r?~ 0.01" C. and by the near-infrared 
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spectrophotometric procedure of Keder and 
Kalkwarf (11). When deionized, degassed 
water was used for reference and dilution pur- 
poses, it was assumed to contain the natural 
background D20 concentration of 0.014 vol. %. 

Serum used as a matrix for preparing daily 
control samples was prepared from a pool of 
normal human serum which had been filtered 
through a Seitz filter to remove gross particu- 
late material. This filtered serum was also 
used in the recovery studies. 

Concentrations of D20 cited in this study 
are D20 added to the  existing diluent materials. 
Deuterium oxide aqueous calibration standards 
were prepared gravimetrically using a Mettler 
semi-micro balance. All purely aqueous solu- 
tions were stored a t  4" C. in tightly sealed-. 
containers in which there was essentially zero 
dead airspace. This was necessary to preclude 
gradual exchange of D20 with atmospheric H20 
during periods of storage. Control specimens 
prepared in serum matrices were subdivided 
into 5-ml. aliquots and quickly frozen. On each 
working day a fresh set of aliquots covering 
the full concentration range was thawed and 
processed. 

Vacuum sublimation of serum samples 

Vacuum sublimation of H20-D20 solutions 
from serum samples was performed in the a p  
paratus depicted in figure 1. The cooling bath 
was a system of solid CO, and isopropanol. 
Vacuum was supplied by a Welch Scientific 
R1405 vacuum pump, and pressures in the or- 
der of 0.05 mm. Hg were routinely employed. 
All interconnections were kept as short as p a -  
sible to minimize diffusion distances. 

Sample and reference cella 

An uncalibrated Beckman sealed liquid cell 
with calcium fluoride windows and a fixed 
0.1-mm. spacer was employed as the reference 
cell in this study. A similar cell with a fixed 
0.2-mm. spacer was used for all samples. A 
Beckman reference beam attenuator was neces- 
sary in the reference beam in order to achieve 
initial energy balance. The sample cell was 
provided with short extensions of Tygon capil- 
lary tubing which were secured to  the frame of 
the spectrophotometer. These extensions, 
fitted with Luer-Lok connectors and a 3-way 
stainless steel surgical valve, permitted flush- 
ing and loading of the sample cell without 
having to remove i t  from its holder, thus elimi- 
nating a major source Gf analytic variance. 
A sintered glass filter was mounted in the cell 
inlet line to  preclude entry of any stray debris. 

Instrument 

A Beckman IR-9 infrared spectrophotom- 
eter was used to measure absorbances. The 
instrument was situated in an atmo8phere with 
relative humidity of approximately 60% and 
an ambient temperature of 22" to 24°C. No 
purging of the apparatua with Cop-free dry 
nitrogen or air was found to be necessary (10) 
during routine operation. 

Temperature control 

Control of cell temperatures was achieved 
by circulating water of stable temperature 
through water jackets (10) into which the 
analytic cells were inserted. Water tempera- 
ture was controlled by a Forma constmt- 
temperature circulating water bath. 

FIGURE 1 

Vacuum subfirnation apparatus. 
A: 
8:  
C: 

D: 

Manifold to  which w c u u m  line and sublimation units are attached. 
Basic sublimation unit with sample sublimation flask and receiving vessel removed. 
Assembled sublimatim unit. Samples a m  shell-frozen in and sublimated from the round bottom f l a k .  
The H 2 0 - H O D  sublimate is collected in  the conical-shaped receiving Vessel. 
Partiallji omembled vacuum sublimation apparatus. The unit on the f a r  lefi  #emen ad a bleeding ualve. 
T h e  conical-shaped receiving vessel8 are immersed in sola3 COS-isopropanol to j u t  below the ground- 
&as joint. 
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Routine adjustment of spectrophotometer 

During routine operation, the sequence of 
activities was as follows: 

1. The spectrophotometer glower and 
chopper circuits were energized at  least 1 hour 
before beginning analyses. At this time, the 
reference ceil containing deionized diluent 
water was placed in the reference beam and 
allowed to thermally equilibrate during the 
entire warmup period. 

The gain, the period, and the slits 
controls were set to 1.0, 2, and manual, respec- 
tively. During intervals in which the sample 
cell was being flushed, dried with air, or other- 
wise being disturbed, the gain was always set  
to zero in order t o  minimize pen response. 

2. 

3. With both filled reference and filled 
sample cells in place, the ratio of single beam 
to double beam was adjusted to 1:l at 
2,610 em.-] The precautions discussed earlier 
(9, 10) were observed. 

4. Immediately before recording, the 
instrument was set to operate from 90% to 
100% transmittance (T). 

5. All tracings were prepared at the 
single fixed wavelength of 2,610 cm.-' The 
recording paper was advanced beneath the pen 
for a period of approximately 1 minute. The 
resultant tracing reflected the background vari- 
ation characteristic of high scale expansion. 
The relative position of the tracing on the 
scale was a function of the amount of D 2 0  in 

0 VOL % D20 0 VOL % 020 0 VOL % DzO 

----- 
W 1 3 5 

80 

t 
TRACING FIXED 2510 CM-' 

01 

FIGURE 2 

Typical tracings obtaincd for  aqueous samplca containing trace lruels  of 
deuterium. The A To T values employed in roieulating deuterium concentrations 
OTP obtained by determining the percent transmittance increment between thc 
midpoint8 of the tracing fo7 0 vol. 7~ added D,O and the tracing for  the sample 
toith added deute7ium. The large Arabic numerals indicate the sequence of 
recording durtng novmal oprmlion. 
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the sample, All series of assays were com- 
menced with the tracing, at  approximately 
85% T, of the absorbance pattern for the 
appropriate diluent with no added D,O. This 
tracing was recorded as the baseline value, 
and subsequent measurements in that  particu- 
lar series of analyses were related to it. To 
minimize drift error, the sample with no D20 
was measured between all samples containing 
added deuterium. Figure 2 illustrates the a p  
plication of the method. 

The routine anaiysis of DzO in serum sub- 
limates was conducted with rigid control of the 
temperatures of the reference and sample cells. 
The temperatures of the reference and sample 
cell water jackets were equilibrated with those 
of external circulating water baths maintained 
at 48" and 30" C., respectively. 

The filled reference cell (containing deion- 
ized diluent water) remained undisturbed in 
i ts  water jacket throughout the series of anal- 
yses, and only the sample cell contents were 
varied. 

At the beginning of each series of assays, 
the gain control was set to zero in order to 
prevent violent pen movement during cell 
charging. A 1-ml. syringe was filled with base- 
line sample (0 vol. % added D,O) and then 
attached to the Luer connector coupled to the 
Tygon tubing. The sample was injected until 
i t  emerged from the outlet port of the cell. 
Approximately 0.4 ml. was required (0.1 ml. 
for flushing purposes and 0.3 ml. to load the 
cell). The syringe was left in place, and the 
gain control was advanced to 1.0. After ad- 
justing the single beam - double beam ratio to 
1:1, the  recording paper was advanced be- 
neath the pen. 

After one minute of recording, the paper 
was stopped, and the gain control was returned 
to zero. The sample was then withdrawn from 
the cell into the attached syringe, and the  
syringe was removed. A stream of filtered, 
dry, compressed air was then used to complete- 
ly dry the interior of the cell before introducing 
the next sample. This procedure was dupli- 
cated as nearly as possible for each additional 
sample. 

Determination of total body water 

Adult male subjects were instructed to ab- 
stain from food and water after 2200 hours the 
night before the scheduled determination. On 
the morning of the determination at approxi- 
mately 0730 hours an 8- to 10-ml. sample of 
blood was withdrawn and immediately capped 
and set aside to clot. An accurately weighed 
sample of DzO was quantitatively given orally 
before approximately 25 ml. of deionized diluent 
water were given. The weight of DzO admin- 
istered ranged between 10.9628 and 12.1775 gm. 
The subject wae instructed to remain in a quiet 
state during the equilibration period. Midway 
through the equilibration period the subjects 
were weighed to the nearest 0.01 kg. Approxi- 
mately 3 hours after D,O dosage, a second 
sample of blood was collected, capped, and 
permitted to clot. 

The capped samples were centrifuged, and 
1.7 ml. of the serum were transferred to 50-ml. 
sublimation flasks. The serums were shell- 
frozen using a slurry of Dry Ice and isopropanol 
and then vacuum-sublimated. From a 1.7-ml. 
serum sample, 1.5 ml. of H20-HOD solution 
could be obtained routinely in 60 minutes. 

The pre-DzO sample was used to obtain the 
baseline tracing. The percent T increment 
occurring between it and the tracing obtained 
using the postDzO equilibration sample was 
recorded. The concentration of D,O in the 
solution was obtained using a standard curve 
prepared on the day of assay. The total body 
water content was then calculated from the 
assay value (concentration of postequilibration 
sample minus concentration of predose sam- 
ple), the volume of D,O administered, and the 
weight of the subject. 

Calculations 

By recording the temperature (t), the 
weight of 99.7670 D20 administered (W) can 
be converted into the volume of pure DZO 
administered (V) : 

W (grn.) x 0.9576 

Densitg of D,O at  t "  C. 
V (ml.) = 
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The total body water in litera 
! 

Volume D,O administered - Volume D,O excreted 

10 (concentration of D20 in serum water in vol. %) 
- - 

The volume of D,O excreted includes both 
insensible loss and urinary excretion. On the 
basis of the findings of Schloerb e t  al. (12), 
0.5% of the administered. DzO volume was 
assumed to be excreted during the 3-hour 
equilibration period. 

IV. RESULTS 

Equilibration time 

In order to confirm the validity of. using 
S hours for in vivo D20 equilibration, a'series 
of total body water determinations was con- 
ducted on a group of 20 normal individuals. 
Samples of blond were obtained at ?/z, 1, 2, 3, 
and 4 hours after administration of DzO. In 
all subjects equilibration was reached by 
3 hours, and in 80% of them the DZO level had 
reached a plateau by 2 hours. 

None of the subjects tested exhibited gross- 
ly abnormal fluid accumulation. The turnover 
rate of deuterated water, which does not differ 
significantly from that  of pure water, in large 
volumes of transudate (edema, ascites) is slow 
compared to the transfer and mixing rates 
within the remainder of the body. In cases of 
abnormal fluid accumulation, therefore, longer 
equilibration times ( 6 ' h  24 hours) would be 
required (13). 

Reproducibility of standard curve 

The day-to-day reproducibility of the stand- 
ard curve is summarized in figure 3 and table I. 
The percentage variability (coefficient of vari- 
ation) is substantially improved over tha t  
reported earlier (10) using a different technic. 
For example, at the level of 0.0157 vol. YG 
(174 p.p.m, w/w) in the earlier study (IO), the 

coefficient of variation is __ X 100, or 

3.53%. The coefficient of variation of 1.41% 
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0.67 
19.0 

a t  0.0150 vol. % in the present study (table I), 
however, is less than half this figure. "hie 
improvement is due to the nearly double net 
percent T span obtained with the 0.2-mm. path 
length. 

Day-to-day reproducibility of assaying 
sublimated samples 

Three control serums were gravimetrically 
prepared to contain 0.0161, 0.0195, and 0.0231 
vol. % added D20. These were actual aqueous 
compartment concentrations calculated from a 
measured 9.42% (w/w) solids content. Each 
of the serums was sublimated and assayed over 
a period of 10 days. The data of table I1 
compared to those of table I indicate tha t  the 
additional manipulation attendant to  the lyo- 
philization procedure apparently does contrib- 
ute to the inherent variability of the assay. 
The mean assay value in each case, however, is 
in satisfactory agreement with the calculated 
value, thus suggesting tha t  D20 is not being 

s-" 301 , , 
a 

0.01 0.02 0.03 
VOL % ADDED D p O  

FIGURE 3 

Doy-to-day reprodueibiliiy o/ the standard cur?e. 
The v~rtieal  bars indicate the d, % T range obtained for 
each concentration over a period o/ 19 days. The solid 
line and circle8 represent the mean values. The broken 
line8 on sither side of the mean limit k e S.D. 
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Concentration 
of standard' 

(vol. 7 0 )  

Number of Range 
days ( A  76 T) 

0.0150 

0.C182 

0.0224 

0.0274 

Mean S.D. C.V. 
( A  % T) (% T) (%) 

19 

19 

19 

19 

37.539.0 38.3 5 4  1.41 

46.0-48.5 46.8 .64 1.37 

55.k58.0 56.5 .69 1.22 

66.a8.5 67.2 .71 1.05 

.All shndnrda used m these s l v d i n  were prepard Y nure H,O-HOD solutions and sbmd in tho f h d  
They W P I ~  mutinely r n e u u r d  diret ly  in the smctmphobrneter without pu.inp at.* in closed containera 

LhrouEh the rubllrnafion praedure. 

~~ ~~ 

Prepared 
concentration. 

(VOl .  7 0 )  

0.0161 

0.0195 

0.0231 

TABLE I1 
Day-to-day reprodueildlity of assaying sublimated samples 

~~ ~~ ~~ 

xpectrophotometr ic  readings Assay 
Number of . 

days Range Mean S.D. Range Mean S.D. C.V.3 Error+ 
( A %  T) ( A %  T) (%T) (vel.%) (vol. 7 r )  (vel.%) (%) (%) 

10 39.2-41.0 40.3 .69 0.0157-0.0162 0.0159 ,00027 1.7 -1.24 

10 47 .M9 .0  48.0 .78 0.0189-0.0198 0.0193 ,00034 1.7 -1.02 

10 55.5-57.6 56.6 .89 0.0225-0.0233 0.0230 ,00038 1.6 -0.44 

lost during the process. During the early 
stages of experimentation, the samples were 
not routinely sublimated ti, near total dryness, 
and the lyophilization step failed to consistently 
yield the calculated HOD concentration. I t  
appears that  preferential distillation of HzO 
(DrO has 8.8% lower vapor pressure than HzO 
at 20" C. (14)) contributes to decreased DzO 
recovery if the sample is not taken to dryness. 
The small amount of tenaciously bound water 
remaining in the residue apparently does not 
contribute significantly to low yields of DZO in 
the sublimate. 

Recovery studies 

Increments of pure DzO were gravimetrical- 
ly added to a series of stable control serums so 

that the resultant DzO concentrations would 
resemble those encountered in performing body 
water determinations. The samples were then 
carried through the sublimation procedure, and 
the sublimates assayed spectrophotometrically. 
These recovery studies were conducted over a 
period of 3 days. The results (table 111) indi- 
cate acceptable recovery of the expected HOD 
concentrations. The influence of day-to-day 
variability in the total procedure is evident 
from the recovery levels tabulated for the three 
different days. On dap 1 the recovery levels 
all tend to be slightly less than loo%, with one 
value (94.6%) reflecting the occasional deviant 
measurement encountered with any procedure. 
On day 2 the values tend to be in excess of 
loo%, and the results of the third day are 
similar to those of day 1. 
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Comparison with reference method 

The tritium dilution procedure of Prentice 
et al. (15) has for several years been the stand- 
ard method employed at the USAFSAM for 
estimating body water content. Reproducibility 
studies conducted with this procedure indicate 
a standard deviation of 0.8 liter a t  the 38-liter 
level. This value was employed in all inter- 
method comparisons. 

A group of 46 male subjects was tested 
using both the reference T,O dilution method 
and the DzO procedure. Figure 4 summarizes 
the data in terms of liters of body water. By 
use of the scheme proposed by Barnett (16), 
the mean of the assay values obtained with the 
deuterium dilution method was found to be 
0.3 liter lower than that obtained with the 
tritium dilution technic. The Student's'' t t e s t  

TABLE 111 
Recovery of D20 added to  serum matrix 

Sample No. 
Day 1 

1 
2 
3 
4 
5 
6 

Day 2 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Day 3 
16 
11 
18 
19 

.Areraze of I 

8 

),O added 
(VOl.  7c) 

0.0150 
0.0159 
0.0163 
0.0167 
0.0116 
0.0180 

0.0195 
0.0198 
0,0201 
0.0203 
0.0206 
0.0209 
0.0211 
0.0214 
0.0225 

0.0236 
0.0261 
0.0264 
0.0326 

lieate BDeetlC 

D 2 0  assayed' 
(vol. Cr, ) 

0.0148 
0.0158 
0.0154 
0.0163 
0.0114 
0.0178 

0.0200 
0.0201 
0.0204 
0.0203 
0.0207 
0.0215 
0.0216 
0.0217 
0.02?8 

0.0232 
0.OE59 
0.0256 
0.0319 

Recovery 
(7%) 

98.7 
99.3 
94.6 
97.8 
99.0 
99.0 

102.5 
101.5 
101.5 
100.0 
100.5 
102.9 
102.2 
101.2 
101.1 

98.4 
99.3 
91.1 
98.0 
99.8 

revealed that the difference between the two 
procedures is not statistically significant. A 
combined standard deviation was calculated 
using the standard deviation of 0.8 liter for 
the T,O method and 0.71 and 0.90 liters at the 
43- and 50-liter levels, respectively, for the 
D20 procedure. These values were interpolated 
from table 11, assuming a standard volume of 
10 ml. of pure D20 being administered to each 
subject. From figure 4 i t  is evident that  one 
value is excluded by the % 3 combined S.D. 
limits for the two methods. In a total number 
of 46, one such deviant value is not sufficient 
to disqualify the test method. 

The data of figure 5 present the liter values 
as percent body water. These data were ob- 
tained by dividing the liter value determined 
for each subject by the total body weight of 
the subject in kilograms. The mean of the 
values calculated from the deuterium dilution 
data is 0.9% lower than that  computed from 
the tritium dilution results. The combined S.D. 
was calculated for the points indicated. A 
75-kg. body weight was assumed in each ease. 
The & 3 combined S.D. limits for the two 
methods barely exclude one value, suggesting 
that all values obtained are within the com- 
bined inherent variabilities of the test and 
reference procedures. The increased variabil- 
ity observed when the volume data are pre- 
sented as percent body water values is due to 
the inclusion of an additional parameter, body 
weight. Two volume values, therefore, of 40.0 
and 40.5 liters (differing by 0.5 liter) could 
result in values of 66.7% and 67.6% for per- 
cent body water at body weight 60 kg. or 40.0% 
and 40.5% a t  100-kg. body weight. 

It is common practice to use the values for 
body water (liters) to calculate percent lean 
body mass (L.B.M.)  and percent body fat 
(B.F.). The lean body mass is considered to be 
equal to the whole body minus nonessential or 
excess lipids. Essential lipid is estimated to be 
2% of the lean body weight. 

Since water constitutes, on the average, 
7370 of the fraction remaining after subtract- 
ing fat, percent body water = 0.73 (100 - 
percent fa t )  (15). Using the relationships 
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FIGURE 4 . 
Comparison of T,O dilution procedure and deuterium dilwtion method with 

respPct to values for  litera of body wafer .  The significance of the plotted data 
is disevgaed in the  tez t ,  The broken line emanatks f r o m  the origin ond bisects 
the plot. The solid line is parallel to the broken one (16) and reflecta the fac t  
that the mean of the values obtained with the D20 procedure is 0.3 liter lower 
than that obtained with the T,O dilution method. 

Percent body water 

0.73 
L.B.M. = 

and 
B.F. = 100 - L.B.M. 

the  average L.B.M. for the test  group of 
46 subjects was calculated to be 76.1% and the 
average B.F. was computed to be 23.9%. 

V. DISCUSSION 

A small error is probably introduced owing to 
an exchange of deuterium with labile hydrogen 

atoms of serum organic molecules, primarily 
proteins. Because of this rapidly occurring 
exchange, ingested and absorbed deuterium will 
be diluted into a volume slightly greater than 
that occupied by the body water alone. This 
error of overestimation has been calculated by 
Schloerb et  al. (12) to be 0.57. to 2.0% of the 
body weight. A correction for these exchanges 
is normally not applied to measurement of body 
water using D,O where the objective is to 
observe changes in body water within an indi- 
vidual. In this instance, the error due to 
exchange is unimportant since it will remain 
relatively constant. For absolute measure- 

9 



t-• 

r 
I- 

s" 5 0 /  

i 
W 

IL w 
i / 

z 
/ a 1 , I 1 

45 50 55 60 65 
TEST METHOD- D e 0  DILUTION, PERCENT TOTAL 

BODY WATER 

FIGURE 6 

Compariaa of T,O dilutirm p*oceduw and deuterium dgutwn w t h d  with 
respect to v a l t t ~  for percant body water. Tha rignificcrnce of tha plotted &$a 
(r dianueed in tho tszt. The broken l h s  m n a t d a  frmn ths O r i g h  and bisect. 
the plot. Tha solid line ia pamils1 to tha brokeit one (18) and refbcts tho fact 
f b t  the m a n  of tha value8 obtainsd with tbs D,O procedure n 0.09' h e r  than 
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ments of water, however, a correction of about 
1% of the body weight is needed to more 
closely approach the actual value. 

The recent report of Graystone e t  al. (17) 
indicates that  values obtained for body water 
using DzO dilution and infrared spectrophotom- 
etry are approximately 20% higher than values 
obtained using D10 and the falling drop technic. 
Since their study involved quantitation of D1O 
in a vacuum distillate by four different tech- 
nics and infrared spectrometry yielded the 
lowest recovery of the four approaches, it can 
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be inferred that  the low recovery of D20 using 
IR was due to a substance in the distillate 
which interfered with the 2,610 cm.-' absorb- 
ance or tha t  the IR technic itself was faulty. 
The recovery data from the present method 
support the absence of any interfering mate- 
rials and the adequacy of the analytic technic. 
In addition, the comparison between deuterium 
dilution and tritium dilution discussed above 
shows that  the D20-IR procedure yields body 
water values tending to be slightly lower than 
those obtained with a method using an entirely 
different hydrogen isotope. 



Even if values for the body water are deter- 
mined with great accuracy, they must be inter- 
preted cautiously in relation to fa t  content. 
Siri (13) estimated that the range of hydration 
may normally vary i 6.5% of the total body 
water. From an interpretive point of view this 
means that a body water content can vary 
i 6.5% from the individual's mean value and 
still not be attributed to differences in body 
fat. 

In the leanest possible body (one devoid of 
nonessential lipid) the total body water is a p  

proximately 72% of the.  body weight (13). 
Total body water content has been seen as low 
as 38% of the body weight (13). The average 
value found for body water content in the test  
group is nearly 7% lower than the 62% (v/w) 
average body water content usually reported 
for adult males (18). In the subpopulation 
sample studied, only 3 individuals (6 .5%) ex- 
hibited body water contents equal to or greater 
than the normally accepted value of 62%. The 
possible significance of this observation in rela- 
tion to subject dehydration or generally high 
storage f a t  level is currently being investigated. 
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