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AMONG the newer applications of the methods of modern phys
ical chemistry some of the most important are certainly those 
employed in the solution of problems in physiology and physi
ological chemistry. At first sight one of the least promising of 
these methods is that of the determination of electrical con
ductivity as applied to the fluids of the body, but the labors of 
Roth,2 Stewart,3 Bugarszky and Tangl,4 and others have shown 
the possibilities of the method in the examination of blood serum. 
In respect to inorganic constituents blood serum is much more 
constant than is urine, and the variations in the conductivity of 
the latter appear at first sight so irregular as to be beyond simple 
formulation. This notion, however, is not quite correct. Tt has 
been shown by Bugarszky'"' that certain general relations are easily 
observed, and among others the connection between the total ash 
and the conductivity. 

It must be remembered that the conductivity of the urine is 
practically due to the mineral salts present only. The most 
abundant of all the urinary constituents, the urea, is so near a 
non-conductor in solution that its effect may be safely neglected. 
Even the low value given by Trubsbach0 is probably high, as 
shown by some of my own observations with carefully prepared 
urea. The creatinin, ammonia, xanthin bodies, uric acid and 
urates have all but a slight conductivity and their effect in lower
ing the conductivity of the mineral salts is extremely small. For 
investigations of this kind it is exceedingly difficult to obtain urea 
pure enough to be used as a standard. Nearly all found in the 
market contains notable quantities of potassium sulphate, some
times several per cent., and purification by crystallization from 
alcohol is attended by great loss. Besides this, in using hot solu-

1 Read by title at the Pittsburg meeting of the American Chemical Society, July 2, 1902. 
- Centralblatt fitr Physiologie, 11, 271 (1S97). 
3 Tbid., 11, 332 (1897). 
4 /bid., 11, 297and30i (1897). 
6 Pfliiger's Archivfuv diegesammte Physiologie, 68, 3S9 (1897). 
6 Ztschr. phys. Ckem., 16, 708; also in Kohlrausch und Holborn's 'Xeitvermogen der 

Elektrolyte," p. 184. 
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tions in strongest alcohol some of the urea is always converted 
into ethyl urethane, with further loss on crystallization. Unless, 
therefore, the urea is very carefully purified its effect on the con
ductivity may appear sensibly positive instead of negative. 

In view of these facts it follows that the conductivity of the 
urine is a function of the total mineral content and the determina
tion has a value somewhat analogous to that of the specific 
gravity; but it is much more definite, however, and as the degree 
of accuracy possible is high the method must certainly prove of 
value in studies of the metabolism of inorganic substances. To 
bring out these points I have undertaken recently a number of 
experiments. In the first of these I have determined the volume, 
specific gravity, electrical conductivity, chlorine and urea in the 
urine of two individuals, collected at regular intervals through 
three days. These results are shown in Tables I and II. The 
specific gravity was found by the Westphal balance, adjusted for 
a temperature of 20°. The figures given are referred to water at 
4°. The accuracy of the readings was controlled by pycnometer 
determinations on several samples. The conductivity was found 
at 20°, always, the temperature being sharply maintained within 
o.i°, by the Kohlrausch method, using a U-tube with a resistance 
capacity, 0 = 8.415. The resistance measurements were made 
with a large Kohlrausch-Wheatstone bridge, the wire corrections 
being known, and the values of the 100 and 1000 ohm comparison 
resistances, also. The urine resistance, R, measured varied be
tween about 250 and 800 ohms, from which the conductivity, K, 
was found bv the formula: 

For an observed resistance of 500 ohms K is therefore 0.016830. 
The chlorine was found by the usual Volhard-Arnold process, 

the liquid being filtered before titration of the excess of silver by 
the thiocyanate. In the urea titration I used the Liebig process, 
employing the approximate corrections described by me.1 The 
corrections actually used were based on previous experiments with 
the urine of the same individuals. In the tables the reduced and 
corrected values only are given, and the chlorine is calculated as 
sodium chloride. For the purpose in view this is admissible, and 

1 This Journal, 23, 632. 
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besides is perfectly correct as far as the urines of Table I are. con
cerned. For the urines of Table II, individual B, no previous 
determination of the relation of sodium to potassium had Ixen 
made. 

A consideration of the tables discloses several interesting facts. 
In both sets the specific gravities appear low for the amounts of 
urea and salt present, but it must be remembered that they are 
based on the temperature of 20° referred to water at 4°. The 
means given for each day are calculated on the assumption that 
the collections made from 9 P.M. to 6 A.M. represent three 3-hour 
periods. The mean specific gravities for individual A are con
stant and the conductivities nearly so. There is no simple relation 
between the two classes of data. Xor is any relation seen when 
we subtract froin the observed (corrected) specific gravity that 
fraction due to the urea present. This appears in column 7. To 
obtain these figures I found the specific gravity of several urea 
solutions and deduced this mean value; r gram of urea in 100 cc. 
adds 0.0027 to the specific gravity of water or a weak salt solution. 
For each gram of urea found per 100 cc. I have applied the correc
tion 0.003 to includetheeffectoftheotherorganicbodies. Incolumn 
8 I have given the excess of the specific gravity due to mineral 
substances over that of water at the standard temperature; vis., 
0.9983. The variations here are so slight as to have no practical 
significance; but in columns 9 and 10 we have numbers which are 
characteristic and definite enough to afford certain indications. 
'From well-determined values, those found in the tables of Kohl-
rausch and Holborn, for example, it is possible to calculate the 
conductivities of weak salt solutions, such as those concerned here. 
From the total observed conductivity I have taken out the fraction 
due to the sodium chloride found to be present, and have put down 
the remaining values in column 9. These numbers represent the 
conductivities due to salts other than the sodium chloride of the 
food, and are therefore a measure of the mineral products of 
metabolism present. "YYe have here mainly the sulphates and 
phosphates of oxidation and it will be seen that the mean values 
are pretty constant for individual A, through the three days. For 
B the results are somewhat less constant but distinctly different 
from those for A. The fraction of the conductivity due to meta-
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bolic products is much greater for B than for A in the mean, and 
at several periods reaches an amount which is nearly one-half the 
total. In both cases the chlorine excretion is greatest during the 
morning hours, while the conductivity due to other salts reaches 
a maximum later. It will be noticed that these numbers which are 
given in column 9 bear no close relation to the specific gravity 
numbers given in columns 3, 7 and 8. The relation of the con
ductivity to the salt excretion is given in columns 10, and for A is 
practically constant. For B the ratio is a different one, but not 
quite a constant. Inasmuch as salt is the chief mineral substance 
excreted a relation of this kind is a practical necessity. The 
curves in the adjoining figure show the variations in the total 
conductivity from period to period, and also the variations in the 
fraction of the conductivity not due to sodium chloride. 

To further show the relation of composition to conductivity a 
number of complete analyses have been made of mixed normal 
urines. The conductivities of these urines were found and also 
the conductivities of artificial mixtures made up from the results of 
analyses. The analyses are given in the tables. Numbers 1, 2 
and 3 are of urines from men consuming a mixed animal and 
vegetable diet. The results were obtained in April while the 
weather was cool and the excretion normal. Numbers 4, 5 and 6 
are from the urine of vegetarians consuming the mixed nut, 
vegetable and cereal foods used by the authorities of the Battle 
Creek Sanitarium. Each urine represented the total day's excre
tion of three or four individuals, and aside from the special pur
pose here in view the analyses have considerable scientific value 
because very few complete examinations are found in the litera
ture. The average excretion for each individual contributing to 
Nos. i, 2 and 3 was about 1200 cc, while for the individuals 
furnishing the urines 4, 5 and 6 the average excretion was about 
1000 cc. These results were obtained later, in the warm weather 
of June. 



Kxplanation of the curves : Curve . I' represents tlie conductivity of the urine from individual A 
through the three days. . I" shows the variations in the conductivity due to other salts than chlorides for 
the same period. />" represents the results of the examination for total conductivity for individual B, 
and P>" finally, the conductivity not due to sodium chloride. The abscissa spaces represent 3-hour periods. 
The ordinate spaces correspond each to /\ 0.005. In the curve . / ' three distinct maxima are easily 
seen which correspond closely to minima in .-/". The variations in />" and />'"seem to follow a somewhat 
different order. 
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T A B L E OF C O M P L E T E U R I N E ANALYSES. 

Nos. i, 2 and 3 mixed diet. 
Nos. 4, 5 and 6 vegetarian. 
Results in grams per 100 cc. 

i. 2 3. 4. 5. 6. 
Specific gravity 2

4; 1.024 1.020 1.026 1.017 T.028 1.021 
Conductivity, A" 0.02372 0.02402 0.02793 0.01984 0.028980.02251 
Potassium, K 0.1980 0.2455 0.2604 0.1416 0.4872 0.3869 
Sodium, Na 0.3820 0.3710 0.4647 0.3419 0.3578 0.2705 
Calcium, Ca 0.0104 0.0086 0.0132 0.0031 0.0164 0.0130 
Magnesium, Mg 0.0092 00121 0.0152 0.0144 0.0225 0.0341 
Ammonium, NH, 0.0900 0.0840 0.1080 0.0800 0.0745 0.0576 
Chlorine, Cl 0.7366 0.7160 0.7739 0.5254 0.8165 0.5893 
Phosphoric acid, PO1- • 0.1143 0.1742 0.3135 0.2062 0.3111 0.2230 
Sulphuric acid, SO, ••. 0.1640 0.1964- 0.3230 0.1965 0.2790 0.2039 
Urea, CON2H+ 2.85 2.60 2.97 2.11 2.95 2.80 
Uric acid, (C5H2N4O3)* 0.0641 0.0691 0.0876 0.0549 0.0769 0.083S 
Creatinin, C4H7N1O • •• 0.1750 0.1790 0.1414 0.0252 0.0910 0.1050 

Some of these results are very interesting but a discussion of 
peculiarities revealed will be left for another occasion. An 
attempt was next made to duplicate the urines as nearly as 
possible by mixing salts, urea and creatinin in certain proportions. 
It is not possible in any case to obtain a perfectly clear artificial 
mixture containing all the bases and acids in the proportions 
found, but mixtures were made by combining the phosphoric acid 
and the whole of the calcium and magnesium first. The acid 
phosphate solutions obtained were clear, and strongly acid to 
litmus. Then the salts were added in amounts shown in the table, 
the urea and the creatinin also. The uric acid and a part of the 
ammonium were temporarily left out. In each case 250 cc. of 
mixture was made, and the conductivity found. 

DUPLICATION OF ANALYSES. 

Results in grams per 100 cc. 
Substances taken. I. 2. 3. 4. 5 6. 
NaCl 0.9716 0.9436 1.1819 0.8686 0.9100 0.6880 
KCl 0.3089 0.3013 0.1191 0.5554 0.3610 
K2SO4 0.0804 0.1951 0.4411 0.3154 0.4363 0.3704 
(NHj)2SO4 0.1646 0.1222 0.1098 0.0312 0.0527 
CaCO;l 0.0260 0.0215 0.03^0 0.0078 0.0410 0.0325 
MgO 0.0153 0.0202 0.0250 0.0240 0.0375 0.0568 
K 0.0312 
PO4 0.1143 0.1742 0.3135 0.2062 0 . 3 m 0.2230 
CON2H4 2.85 2.60 2.97 2.11 2.95 2.80 
C4H7N3O 0.175 0.179 0.1414 0.0252 0.0910 0.105 
Conductivity found •• • 0.02264 0.02291 0.02628 0.01910 0.02843 0.02059 

After finding the conductivity of the clear solutions, the ammonia 
lacking and the uric acid were added, the ammonia from a strong 
standard solution. The mixtures were shaken and allowed to 
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settle some hours, when the conductivities were again found. A 
slight correction in the results was made on account of the trifling 
dilution on adding the ammonia. The results were as follows, 
from the solutions now neutral to litmus paper: 

; . 4. ;. 6. 
Remaining NH4 added 0.0451 0.0507 0.0781 0.0715 0.0599 °'°576 
Uricacid(C5H2N40 : 1) / /addedo.c64i 0.0691 0.0876 0.0549 0.0769 0.083S 
New conductivity at 20° 0.02332 0.02400 0.02768 0.01944 0.02886 0.0215S 

It is interesting to note that the new conductivities correspond 
very nearly with those found for the original urines. The values 
found before the addition of the uric acid and the ammonia were 
all sensibly lower, as might be expected, but with the final addi
tions higher conductivity is secured, notwithstanding the fact of 
the formation of a slight precipitate. The fraction of the con
ductivity due to the free uric acid or to the urates is small as the 
investigations of His and Paul1 would suggest. These results are 
in a measure a check on the general accuracy of the analyses. 

Certain general conclusions may be drawn from these experi
ments : 

1. The electrical conductivity of the urine varies essentially with 
the amount of inorganic salts present and taken alone is a datum 
of relatively little importance because of the effect of the large 
amount of sodium chloride present; but, 

2. After deducting the fraction of the conductivity due to the 
sodium chloride content a remainder is left which has importance 
in indicating the extent of certain metabolic changes. The 
amounts of sodium chloride and other salts and the corresponding 
conductivities are shown in a manner easy for comparison in the 
tables of complete analyses and duplications. 

3. Inasmuch as the conductivity may be readily and accurately 
determined the variations in the value of this residual conductivity 
are of importance in fixing the lag in the rate of inorganic excre
tion. 

4. For the purpose of making other comparisons it may be 
necessary to determine the conductivity in diluted urine, where the 
salts act with their maximum capacity. Some work of this '.ind 
is in progress. 

NORTHWESTERN UNIVERSITY, CHICAGO, 
June, 1902. 

1 Ztschr. physiol. Cliem., 31, 1. 


