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Deuterium Analysis— 

a Simple and Precise Method 

Abstract. By means of reaction with cal
cium hydride in a generator of simple de
sign, the water samples are converted into 
H2 and HD. With hydrogen as carrier gas, 
the greater thermal conductivity of HD 
produces a peak whose size is linearly re
lated to the deuterium content of the orig
inal water. 

Described below and depicted in 
Fig. 1 is a simple, inexpensive ap
paratus which analyzes water samples 
(without special purification) for deu
terium content with a precision that is 
generally better than the mass-spec
trometer and falling-drop procedures 
currently in use (1). 

The mixture of HOH, DOD, and 
HOD (about 0.1 ml) contained in 
reservoir bulb B (Fig. 1) is allowed to 
drop slowly onto granules of calcium 
hydride contained in cartridge C sus
pended in evacuated tube A. This gen-

Fig. 1. Apparatus used to convert deu
terium into Ho and HD. 

erates a mixture of only Ha and HD 
and since the separation factor (2,3) 
for the reaction of mixed waters with 
calcium hydride is nearly 1.00, the HD 
content of the gas corresponds almost 
exactly to the deuterium content of 
the water sample. Three-way stopcock 
D connects the gas generator to double-
arm manometer E and the gas sampler 
of the gas chromatography equipment 
F. After evacuation of the manometer-
sampler system, the system is sealed off 
with stopcock G, through which the 
system is connected to a vacuum pump. 
The gas mixture from A is now intro
duced through D into the evacuated 
sampler and manometer and the pres
sure throughout is adjusted to atmos
pheric pressure by manipulation of the 
leveling bulbs. The mixed gases are 
now released into the carrier stream of 
the chromatograph. 

No attempt is made to separate hy
drogen from HD (4). Instead, the re
cording katharometer of the chromato
graph is used to measure the well-known 
(/) difference between the thermal 
conductivity of HD and that of hydro
gen, the function of the column (Bur-
rell High Activity Charcoal) being to 
separate volatile impurities from the 
hydrogen isotopes. Hydrogen is used as 
the carrier gas so that the size of the 
peak traced by the recorder depends 
only on the quantity of HD in the gas 
sample. This gives the method great 
sensitivity and we have detected D-0 at 
twice the background level (0.017 mole 
percent). 

From 0 to 10 mole percent deute
rium—the region of greatest interest for 
tracer studies—the relation of peak 
height to mole percent deuterium in 
the original water is strictly linear (3) 
(Fig. 2). Series of replica samples ana
lyzed during the same day often agree 
within an estimated standard deviation 
of 0.3 (relative) percent while replicas 
analyzed on different days usually have 
a standard deviation of 0.5 to 1.0 per
cent, depending on deuterium content. 
Thus our results compare favorably 
with conventional methods which have 
a "precision" of 0.5 to 3 percent (7) . 
We find that the calibration line holds 
within the above error over the life 
of a tank of hydrogen (about a week), 
if the hydrogen flow is left undisturbed 
night and day and correction is made 
for change in atmospheric pressure. 
Since the calibration curve is a straight 
line passing through the origin (by least 
squares), a single run with a standard 
solution serves for recalibration. Ana
lytical precision may be improved by 
recalibrating immediately after run
ning an unknown using a standard 
solution of nearly the same deuterium 
content. We are currently developing 
the sensitivity and precision of our 
method and expect that both may be 
improved considerably. 

, DaO IN SAMPLE 

Fig. 2. Each peak height shown on this 
curve is an average taken from the heights 
of 6 to 12 curves obtained from 2 to 4 
samples run on 2 to 4 different days. They 
have been corrected for changes in baro
metric pressure. Peak heights for this sys
tem are more reproducible than peak areas 
measured with a planimeter. 

A standard Burrell Kromotog K-2 
was used with a hydrogen flow of 40 
ml/min, a cell current of 310 ma and 
a 2Vz-m column, at room temperature. 
A 20-ml gas sampler thermostatted at 
50°C was employed in order to get 
large peaks for the less concentrated 
heavy water solutions. Better results for 
solutions with more than 2 mole per
cent of heavy water can be obtained 
by using a smaller sampler. Indeed, a 
great advantage of the method is the 
flexibility made possible by the use of 
different-sized gas sampler chambers for 
different H D concentrations, which per
mits the use of high recorder sensitivity 
and high precision over the whole 
H2-HD range from 0 to 100 percent 
except at the extreme ends. The stand
ard solutions used for the calibration 
line were prepared from deaerated, dis
tilled water and deuterium oxide (Gen
eral Dynamics, 99.9 percent). The ex
act deuterium content of every sample 
was established with a 25-ml pyknom-
eter (7) at 25°C. 

Reproducibility depends mainly on 
the freshness of the calcium hydride 
surface (Metal Hydrides, Inc.) , the 
constancy of carrier gas flow, and the 
scrupulous avoidance of leaks during 
evacuation. The latter are easily de
tected both with the manometer and by 
the appearance of air peaks on the re
cording (5) . 
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Inheritance of a Serum 
Protein in Swine 

Abstract. A study of poly~norphism of 
the starch-gel electrophoretic pattern for 
one of the blood serum proteins in swine 
(tentatively designated protein B) reveals 
that it is controlled by a single pair of 
alleles exhibiting partial dominance. BB 
genotypes appear to have twice the 
amount of protein B that the Bb genotype 
has, while bb genotypes show no evidence 
of the protein. Present indications are 
that the Yorkshire and Landrace breeds 
differ in the frequency of these genes. 

Inherited variations of serum proteins 
in human beings have been studied by 
Smithies and Walker (1) and in cattle 
by Smithies and Hickman (2) and by 
Ashton (3) .  Starch-gel electrophoresis 
of pig serum was reported by Ashton 
(4) without any genetic study of the 
polymorphisms observed. 

In this investigation, serum samples 
from all the parents involved in 100 
litters and from random samples of 
progeny in these litters were subjected 

Table 1. Distribution of  observed progeny pheno- 
types (0) from various mating classes and those 
expected (e) on the hypothesis that  phenotype 
I = BB, phenotype I1 = Bb, and  phenotype 
111 = bb. 

Progeny phenotypes P 
Itern - - of 

---- - - 

Mating class I X I 
o 109 
e 109 

Mating class I X 11 
o 25 26 

> .80 
e 25.5 25.5 

Mating class I X IIZ 
0 7 
e 7 

Mating class I I  X Z 
o 34 24 .lo- 
e 29 29 .20 

Mating class I I  X I I  
o 24 47 27 

> .80 
e 24.5 49 24.5 

Mating class I I  X III 
0 3 1 
e 2 2 

To ta Is 
o 192 107 28 

>.so 
e 188 112.5 26.5 

to vertical starch-gel electrophoresis 
(5),  and the resulting electrophoretic 
patterns were related to pedigree in- 
formation in order to determine whether 
the polymorphism observed was under 
genetic control. Blood was collected 
from the ear veins on sows and boars, 
ant1 by cardiac puncture from 28-day- 
old pigs. Serum samples were stored 
at -25°C. 

The vertical starch-gel electrophoresis 
technique used in this study was essen- 
tially that of Smithies (6 ,  7), with the 
following differences. The buffer was 
made up with 125 ml of 0.2M tris(hy- 
droxymethyl) aminomethane (Fisher) to 
which was added 62.5 ml of 0.1N 
HCI and 312.5 ml of distilled water. 
Seventy grams of Starch-Hydrolysed 
(Connaught Medical Laboratories, To- 
ronto) and 500 ml of Tris buffer were 
used to prepare each gel. The electro- 
phoresis was carried out at a voltage 
gradient of 5 volt/cni for 17 hours. 

After staining and destaining, gels 
were photographed on 4 by 5 inch 
Kotlak Verichrome Pan film with a 
Wratten filter F. Contact prints were 
used as a permanent record of each gel. 

Figure 1 illustrates the types of elec- 
trophoretic patterns which were ob- 
served for the protein tentatively desig- 
nated as protein B. 

The analysis of the data gathered to 
date with respect to protein B is pre- 
sented in Table 1. As indicated by the 
probability values, X2 tests support the 
hypothesis that phenotypes I, 11, and I11 
result from genotypes BB, Bb, and bb, 
respectively. The poorest fit was noted 
for progeny from the I1 x I matings. 
This suggests the possibility of a semi- 
lethal interaction between a Bb genotype 
in the progeny and a BB genotype in 
the dam. 

In order to examine this possibility 
further, a heterogeneity i' test was car- 
ried out for the progeny distributions re- 
sulting from the I x I1 and I1 x I 
mating classes. The results (x2 = 1.371, 
P > .20) indicated that both mating 
classes were likely samples from a single 
population of matings which produces 
segregation in a 1 : 1 ratio. Further 
data will be required to determine 
whether this deviation has any real 
significance. When progeny totals from 
I x I1 and I1 x I mating classes are 
pooled, the fit to a 1 : 1 ratio is quite 
reasonable (x" $371, P > SO). 

Among the 100 litters involved in 
this study, 38 were Yorkshire x York- 
shire, 16 were Yorkshire x Landrace, 
32 were Landrace x Landrace and 14 
were Landrace x Yorkshire (males are 
identified first). Of particular interest 
is the distribution of genotypes among 
sows of each of the breeds (Yorkshire 
22 BB, 27 Bb, 3 bb; Landrace 46 BB, 
2 Bb, 0 bb) .  

The application of a X' test for uni- 
formity of genotype distributions among 
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Fig. 1. Diagrammatic illustration of elec- 
trophoretic patterns showing the variants 
observed for protein B. Additional varia- 
tion to that illustrated has been observed 
for other proteins. 

sow herds (x' = 33.093, P < .01) in- 
dicates that the genotype distributions, 
and therefore the gene frequencies, are 
significantly different. This is particu- 
larly interesting since the Landrace 
sows represent samples from 29 differ- 
ent Ontario breeders and the Yorkshire 
sows are descended from a wide sample 
of dams and 15 unrelated boars pur- 
chased from 12 different Ontario breed- 
ers during the past 3 years. The dis- 
tribution of genotypes among Yorkshire 
boars involved in this study was 2 BB, 
3 Bb, 0 bb, and among Landrace boars, 
4 BB, 0 Bb, 0 bb. It is tentatively 
concluded that the Yorkshire and Land- 
race breeds differ markedly in fre- 
quency of the genes controlling devel- 
opment of serum protein B (8). 
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