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PHYSICIANS AND SURGEONS, COLUhlBIA TJNIVERSITY 


THE chemistry of discovery and its interpretation 
to the laity are almost the commonplaces of every 
day's news, and no field of human curiosity and explor- 
ation is richer in its contribution of great men and 
women o r  in  its abundant gifts to the fullness of life. 

What  concerns us particularly is the use of chem- 
istry through government fo r  social ends, and in this 
Charles Frederick Chandler was a pioneer who shared 
with Stephen Smith, Edward B. Dalton, Dorman B. 
Eaton, Elisha Harr is  and William B. Worthen the 
distinction of making the Metropolitan Board of 
Health of the State of New York a power and a tradi- 
tion in  the public health history of this country. 

1 Chandler Memorial Lecture, given a t  Columbia Uni- 
versity on October 20,. 1937. 

I t  will be recalled that immediately upon the close 
of our Civil W a r  the larger municipal communities in 
the United States took note of their sanitary short- 
comings, and, stimulated by the experience of army 
camps and hospitals, the successes of the volunteer 
Sanitary Commission and the return to civil life of 
physicians and other officers of broad experience, and 
with ambition and energy for  reconstruction, social as  
well as material, there developed public action to save 
the people from the devastation of epidemics which 
swept the homes of the rich and poor alike. 

To realize the movement of events one must recall 
that Edmin Chadwick's classical report to the Poor 
Law Commissioners on the Sanitary Condition of the 
Labouring Population of Great Britain which led to 



I wish to express my a.ppreoiation to Eimer and 
Amend, who constructed the apparatus and furnished 
the drawings. 

AN IMPROVED PROTOCOL FOR DILUTION 
SERIES 

FORsome years, the author has been using a dilution 
protocol that a.voids the inconveniences of the more 
commonly used dilution series, and has the following 
desirable properties : 

(1) A suitable number of steps (eight) in  each 
decade of the dilution range. . 

(2) Ease of preparation. 
(3) Accuracy in preparation. 
(4) The error, that is introduced by the fact that 

the liminal value of the phenomenon studied lies be- 
tween the last negative tube and the first positive tube, 
is constant throughout the dilution range. 

(5) Simple numerical expression of the concentra- 
tion. 

The series is based on a geometrical progression of 
the reciprocals of the powers of the eighth root of ten, 
yielding eight equal logarithmic steps in the decade. 
It is prepared by mixing 2.9983 parts of the previous 
dilution with 1par t  of wa.ter. The cumulative error, 
introduced by mixing 3 parts of the previous dilution 
with 1par t  of water, is less than 0.1 per cent. in  the 
decade, or much smaller than the presumptive error 
involved in the use of pipettes fo r  making the dilu- 
tions. To avoid accumulation of error, it is desirable 
to make a preliminary series of dilutions of 1/10, 
1/100,1/1000 . . . f o r  the start of eaah decade. Con-
centrations can be conveniently expressed in a loga-
rithmic notation (pD =-log of the dilution) similar 
to the commonly used pH.  A typical protocol is given 
in Table I. 

Assuming that the actual liminal value of the phe- 

TABLE I 
PROTOCOL SERIES ON THE RECIPROCALSFOR A DILUTION BASED 

os THE POWERS THE EIGHTH TENOF ROOTOF 

and continuing 

Concentra-
Preparation

of series 
Dilution tation grams per 

100 ml. 
PD ml. of 

previous
dilution 

:kt:: 
1/10.. .. . . . 
1/13.34 .... 
1/17.78 .... 
1/23.71 . . . . 
1/31.62 . . . . 
1/42.17 .... 
1/56.23 .. . . 
1/74.99 ... . 
1/100.... . . 

10.000 
7.499 
5.623 
4.217 
3.162 
2.371 
1.778 
1.334 
1.000 

1.000 
1.125 
1.250 
1.375 
1.500 
1.625 
1.750 
1.875 
2.000 

stock solution 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 
3 1 

1 of 1/10 9 
stoclc sol'ution 

1/133.4 ... . 
1/177.8. . . . 0.7499 

0.5623 
2.125 
2.250 

3 
3 

. 1 
1 

nomenon studied lies midway between the last negative 
tube and the first positive tube, the error of the result 
is constant over the entire dilution range a t  14.3 per 
cent. of this mid-value. I n  the case of the commonly 
used dilution series, 1/10, 1/20, 1/30 . . . ,this error 
varies from 5.26 per cent. to  33.33 per cent. and 
averages 12.59 per cent. Should it seem desirable to 
have the value of pD refer to this probable liminal 
mid-value, the series can be started with a stock solu- 
tion that is 1.143/10 instead of 1/10. 

Similar protoools could be developed based on the 
geometrical progression of the reciprocals of the pow- 
ers of the other roots of ten. These protoools would 
be useful f o r  the production of coarser or finer series 
of dilutions. The author has investigated those series 
from the square root of ten to the tenth root of ten, 
and none of them seem as convenient fo r  application 
as the one described. 

EDWINH. SHAW,JR. 
UNIVERSITYOF SOUTHDAKOTA 
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