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THE standardization of disinfectants
by means of a carbolic acid coeffi-
cient, or phenol coefficient as it is

more commonly called nowadays, was

originally proposed by Rideal and Walker
in 1903. At the time when they pub-
lished their original article in the Journal
of the Royal Sanitary Institute9 a consid-
erable amount of information regarding
disinfectants had been made available by
the work of many investigators. But the
methods used varied so much and so lit-
tle attention had been paid to establish-
ing standard conditions that it was diffi-
cult to compare the results obtained. So,
in order to facilitate such comparison,
Rideal and Walker devised a method of
standardization in which disinfectants are

tested alongside of carbolic acid under
certain specified conditions, and their
relative germicidal values estimated in
terms of carbolic acid.

This method was investigated by the
Disinfectant Standardization Committee
of the Royal Sanitary Institute and in
1906 was recommended by them "for
general purposes of standardization.""1
Since then the method has been improved
in various ways until now we have the
much more exact and accurate method
described by Rideal and Walker in 1913
in their article published in the Ameri-
can Journal of Public Health.10

Although many workers have been

able to obtain good results with the R-W
method many others, both in England
and in this country, have found diffi-
culty in obtaining satisfactory results.
Much of this difficulty hag been due to
failure to observe strictly the standard
conditions of the test, and in this coun-

try much additional difficulty has been
caused by uncertainty in regard to. the
official standing of the technique de-
scribed by Partridge8 in 1907.
On account of the difficulties experi-

enced with the R-W method the Lancet
Commissioners devised a method called
the Lancet method, which is described in
detail in their report published in the
Lancet" in 1909.

In 1911 Anderson and McClintic.
working in this country, brought out a

method based on the Lancet method,
which they designated the- "Hygienic
Laboratory" method. This method is de-
scribed in their original article published
in the Journal of Infectious Diseases1
and also in Hygienic Laboratory Bulletin
82.2
The H-L method was investigated by

the Disinfectant Standardization Com-
mittee of the Laboratory Section of the
A. P. H. A. and adopted as an official
method, with some modifications made by
the Committee. This modified method
is described in their report published in
the American Journal of Public Health3
in 1912.
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The author states that a phenol coefficient indicates relative
germicidal efficiency under laboratory conditions only, and has
no practical value. Users of disinfectants ordinarily "follow
directions," and employ the dilutions recommended by the manu-
facturers. This author suggests that we make certain that the
recommended dilutions are efficient, and cast aside the coefficient.
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The latest phenol coefficient method is
that recently devised by another Dis-
infectant Standardization Committee of
the Laboratory Section of the A. P. H.
A., the f ull details of which are given
in their report published in July, 1918,
in the Anmerican Journial of Public
Health.4
The method is based on the H-L

method as adopted by the previous A.
P. H. A. Committee but a number of
modifications have been made. The most
important change is the use of an un-

adjusted culture medium. J. H. Wright
made a special study of this matter and
the full details of his work are reported
in his article published in the Journzal of
Bacteriology.16 Attention will be given
here only to the significance of the
change from media adjusted in the usual
way to the unadjusted culture medium,
as shown by the work of the Committee.

In 1915 a comp)arative test was made
whereby 5 different laboratories under-
took to test two special disiinfectanits by
both the R-W alnd H-L mletlhods, using
first the ordinary procedure then in vogue
in each laboratory, and seconid the two
methods exactly in accordanice with the
published technique, using the same

strain of typhoid bacillus and the same

sample of synthetic phenol for all the
laboratories.

In regard to the results, the Commlllit-
tee's report states that the average dle-
viation from the nmean with one disiinfect-
ant (having a coefficient of about 5), was
10% for the H-L method and 18% for
the R-W method, wlhile witlh the otlher
(lisinfectant (having a coefficient of about
15) the deviations wvere 6T4%, for the
H-L method and 14% for the R-W
method.
As a member of the Committee the

writer had occasion to note also the ex-

tent of the extreme variations and as

these are rather striking they will be
mentioned briefly. Using the HI-L nmethod
with standard technique, the same strain
of typhoid bacillus and the same syn-

tlhetic phenol, coefficients obtained by dif-
ferent laboratories varied from 4.0 and

11.8 respectively, up to 5.4 and 14.8.
Using the R-W method in like manner,

wvith standard technique, the same strain
of typhoid bacillus and same phenol, one

laboratory reported the coefficients of the
two disinfectants as 3.3 and 11.00, while
another laboratory reported coefficients
of 7.0 and 20.0.

In 1916 another comparative test was

made, using the R-W and H-L methods
with standard technique in all respects,
except for the use of the unadjusted cul-
ture medium. The difference in results
was most marked; the average deviation
from the mean in all H-L tests was 634%
and in all R-W tests 4.6%. The extreme
variations of coefficients for the low co-

efficient disinfectant were from 3.8 to
4.4 by the H-L method and from 3.8 to
4 by the R-\V method. For the higlh co-

efficient (lisiinfectant the variations were

fronm 12.2 to 14.8 by the 1H-L method an(l

froml 11.1 to 13 by the R-W method.
In view of the results obtained in this

second comparative test and the results
of WN'right's investigations, the CoImIm1it-
tee adopted the una(djusted culture me-

dium and recomimlenided that its H-ion
concentration be determined by the color-
imetric method of Clark and Lubs. The
moiit favorable pH is 6.5, but the medium
may be used with the pH anywhere be-
tweeni 6.0 and 7.0.

In conniection with the Committee's
conisiderationi of the results of the sec-

on(l comparative test, Wright called at-
tentioni to some work wxhich he had beeni
doing whlich indicated that the really im-
portant factor to be considered is not
so mIuch the 11-ion concentratioIn of the
original culture medium as the H-ion
concentration of the typhoid cultures
used in making the tests. He stated
that the coefficient obtained seemed to
depend onl the lengtlh of time the organ-

ism had been subjected to any given
1l-ion con1ceIntration. When a typhoid
culture is carried along by successive
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daily transfers from one broth to an-

other, which is the method followed in
all standard methods, the H-ion concen-

tration of the cultures varies with the
number of daily transfers that have been
made in any particular medium.
Wright found that, for example, with

H-L broth having an initial pH of about
5.2 the first one or two daily transfers
will show a pH of 4.9 or 5. As the
number of transfers is increased the pH
increases gradually up to about pH 6.2,
after which it remains very constant, this
point being reached in from seven to
eight days. With Witte's peptone in un-

adjusted media he found that the pH
became uniform in from 4 to 5 days at

about pH 6.8 and with Armour's peptone
becomes uniform in about 7 to 8 days at

approximately pH 7.2. As far as co-

efficient tests were concerned he stated
that the most uniform results were ob-
tained only after the test cultures have
been transferred a sufficient number of
times to attain the final comparatively
uniform, H-ion concentration.
The writer has recently made some ex-

periments along this line, the results of
which will be mentioned briefly. In the
first place, cultures of B. typhosus in an

unadjusted culture medium made with
Armour's peptone if left undisturbed
grow steadily more alkaline. For ex-

ample, in one experiment with four dif-
ferent strains of B. typhosus in an un-

adjusted medium whose pH was 6.7, the
pH of the four cultures after three weeks
growth was as follows: 9.0, 8.8, 8.8. and
8.3.
On the other hand, where a typhoid

culture was carried along in this same

culture medium by successive daily trans-
fers, the pH of the cultures after ten
transfers remained constant at approxi-
nmately 7.0.

In another experiment, using an un-

adjusted culture m e d i u m containing
more Liebig's extract, the pH of which
was 6.3, the pH of four typhoid cultures
after. 17 successive transfers was as fol-
lows: 6.3, 6.1, 6.2 and 6.2. And in a

similar experiment with R-W standard
broth made with Witte's peptone, the in-
itial pH being 7.3, the pH of the typhoid
culture after 14 transfers was 7.1.

In using these cultures in making co-

efficient tests there were noted percepti-
ble changes in the resistance of the cul-
tures to phenol coincident with changes
in the H-ion concentration and uniform
resistance when the H-ion concentration
remains unchanged.
And now let us ask ourselves "What is

the real value of a phenol coefficient as

determined under present conditions ?"
In answer I should say that at the pres-

ent time a coefficient has no practical
value whatever, except as a means of
preventing the use of positively worth-
less preparations and as an aid to the
disinfectant manufacturer in maintaining
the uniformity of his product.

In the first place, on account of the
multiplicity of "standard" methods, any

given disinfectant will have as many co-

efficients as there are methods, and on

account of modifications which have been
made in the R-W and H-L methods the
number of possible coefficients is even

greater. The R-W method as now used
in England7 differs from the method as

used in this country and the H-L method
as now used at the Hygienic Laboratory'4
differs from that described in Bulletin
82. Indeed, lacking any authoritative
definition of what "R-W" and "H-L"
mean any one is at liberty to use any one

of several different forms of these meth-
ods and say that the resulting coefficient
was obtained by the R-W method, or

H-L method.
A much more serious source of trouble

is found in the fact that all of these
standard methods, except the R-W
method now used in England, specify
the use of Witte's peptone. As we all
know, Witte's peptone is hard to obtain
and the English peptone used in the Eng-
lish R-W method is hard to obtain in

this country.
But it may be said: "Why use Witte's

exclusively? There are lots of other pep-
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tones and the exclusive use of Witte's is
only a superstition anyhow." In answer
to this may be adduced the conclusion
reached by Wright'6 who, after examin-
ing a number of brands of American pep-
tone found only one that could safely be

substituted for Witte's peptone. Further-
more, according to an article appearing

in the Journal of State Medicine in Feb.,
1919,' English investigators working in
the Research Laboratory of the Royal
Institute of Public Health, employing
the R-W method with various peptones
substituted for Witte's found the coeffi-
cient of the same sample of disinfectant
to vary from 7.7 to 15.

And, although \Vitte's peptone has,
perhaps, been more uniform in quality
than other peptones, it has hardly war-

ranted the implicit trust that has been
placed in it. In the English article above
mentioned there is the following quota-
tion from the Lancet (1916, p. 9):
"Even before the war the preparation
of a standard broth for bacteriological
purposes was a matter of considerable
difficulty, since different samples of
Witte's and other peptones exhibited
such marked variations when employed
in nutrient media that the cultural fea-
tures of an organism were apt to vary
with each sample used."

It may seem extravagant to speak of
the exclusive use of Witte's peptone as a

superstition. But what else can you call
our usual practice of employing a certain
ingredient in our culture media simply
because the label says "peptone" and has
some man's name on it, when, as a matter
of fact, peptone is only a name which as

generally used stands for an indefinite
mixture of proteoses, peptones and poly-
peptides varying enormously in compo-
sition, depending on the materials em-

ployed and the method of manufacture.
It is to be hoped that in due course of
time we shall become scientific enough
to insist on knowing the real compositioii
of our culture media and prepare them
so as to meet the food requirements of
the organisms we wish to grow.

The reasons already given are, how-
ever, not the only reasons that exist.
From the legal standpoint and also by
common practice, a phenol coefficient sig-
nifies only the relative germicidal value
of a disinfectant against B. typhosus, and
that determined in the absence of or-
ganic matter under narrowly limited con-
ditions as to temperature and proportion
of culture to disinfectant.
The facts already known in regard to

differences in the resistance of various
species of bacteria to disinfectants, are
almost enough in themselves to make it
obvious that no general conclusions can
be drawn from a test made only against
the typho-id bacillus.

Walters, in an article published in the
American Journal of Public Health'"
has considered this phase of the problem
in a very interesting and able manner.
Besides discussing the work done by
Churchman and others, he gives the re-
sults of his own work with Pine Oil
Disinfectant. Stated briefly, these results
were as follows: A sample of Pine Oil
Disinfectant having a phenol coefficient
of 3.8 was found to have so little value
against Staph. aureus that a 4% solu-
tion required an hour or more to destroy
that organism, while in contrast to this
a 5% solution of phenol killed Staphi.
aureus under the same conditions after
exposures of from 5 to 10 minutes.
To the examples of specific action of

disinfectants given by Walters I will add
the following examples taken from some
recent work of my own: Tested under
identical conditions Chloramine T was
found to kill B, typhosus in 10 minutes
in a dilution of 1-500, while the same dilu-
tion required 30 minutes to kill B. pyocy-
aneus. On the other hand, a dilution of
1-1000 was sufficient to kill Staph. aureus
in 10 minutes and a dilution of 1-2000
killed it in 30 minutes. Expressed in the
form of phenol coefficients the varying
activity of Chloramine T against these
organisms is as follows: The coefficient
with Staph. au-reuts is approximately 23,
with B. pyocyanieus 2.1, and with B. ty-
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phosus 16.6. So far as the tubercle bacil-
lus is concerned neither Chloramine T
nor any other chlorine disinfectant, is
worth very much. For example, a 1-50
dilution of Chloramine T failed to kill
the tubercle bacillus in 10 minutes, or
diminish its pathogenic power so far as
guinea pigs were concerned.
The specific action of disinfectants

is discussed in the report of the A. P.
H. A. Committee4 along with two other
important factors which influence the
action of disinfectants. These are con-
centration and temperature.
The efficiency of a disinfectant meas-

ured by the time required for it to kill
a given number of organisms is not pro-
portional to its concentration but to some
power of that concentration. For ex-
ample, with phenol the concentration ex-
ponent is six, while with mercuric chlor-
ide it is one- The significance of this is
shown by the fact that the germicidal
value of phenol increases rapidly with
increasing concentration, and decreases
with equal rapidity with increasing dilu-
tion, while mercuric chloride increases
and decreases in germicidal power much
more slowly.
The effect of temperatur'e may be ex-

pressed by saying that while the tempera-
ture increases in arithmetical progression
the velocity of disinfection increases with
geometrical progression.

Since phenol coefficients are deter-
mined under certain carefully specified
conditions of concentration and tempera-
ture while the conditions as to concen-
tration and temperature in practical dis-
infection vary a great deal and are quite
likely to be entirely different from the
conditions under which the coefficient
was determined, it is evident that a co-
efficient cannot furnish any reliable in-
dication as to the practical value of any
given disinfectant.

In recognition of these facts the Com-
mittee has recommended that in addition
to the ordinary coefficient the following
should be determined: First, the coeffi-

cient against other organisms than B.
typhosus; second, the temperature co-
efficient; and, third, the concentration
exponent or "time ratio."

It might seem from all this that the
examination of a disinfectant has become
entirely too complicated and yet it seems
to me that un'less another factor is also
taken into consideration all the factors
previously mentioned will, in many in-
stances, completely fail to measure the
real value of disinfectants. This added
factor is the influence of organic matter
upon the germicidal power of disinfect-
ants.

It is true that Sommervifle and
Walker'3 have devised a modified R-W
technique for use in determining coeffi-
cients in presence of organic matter, al-
though this is not officially a part of the.
R-W method, and the H-L method in-
cludes a modified technique for the same
purpose. But in practice these are en-
tirely ignored and when we speak of a
phenol coefficient we ordinarily mean a
coefficient determined without organic
matter.
As a single example of possible error

due to ignoring the effect of organic mat-
ter I will refer to a disinfectant which I
once had occasion to examine. The co-
efficient of this disinfectant by the H-L
method was 10, but it was so seriously
affected by organic matter that the addi-
tional .4 (4/10) cc. of culture used in
the R-W method bro'ught the coefficient
down from 10 to 3. Of what value
would the coefficient be in this case, even
though determined by the A. P. H. A.
method, with due reference to other or-
ganisms than B. typhosur and due refer-
ence to the time ratio, concentration ex-
ponent, and temperature coefficient?

Finally, a phenol coefficient doesn't tell
the user of a disinfectant what he really
wants to know. Whether he be house-
holder or public -health official what he
wants to know'is what dilution of any
given disinfectant to use for his own par-
ticular purpose. And even if the A. P.
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H. A. method were in general use, and,
in accordance with the Committee's rec-

ommendations, coefficients were fur-
nished showing relative efficiency against
other organisms than B. typhosus and the
time ratio, concentration exponent and
temperature coefficient were included for
good measure, unless the user happened
to be a disinfectanit expert, and a mathe-
matician as well, he would be nonie the
wiser in regar(d to the questioin of what
dilution to use.

What the ordiinary citizeni really does
is not to look for a coefficient but rather
for tho directions furnished by the mlani-
ufacturer, which he proceeds to follow
witlhout questioni.

What the public health official does I
will nlot attempt to say, althoough it may
be surmiiised that in maniy instances he
imitates the ordinary citizen and follows
directions without question. At any rate,
WV. G. Savage, in an article published in
the Journial of thze Royal Saniitary Intsti-
tIoe,"'m2iakes the following statement: "I
have been surprised in the course of en-

quiries to find h1ow largely those wlho use

(lisinfectants for practical public healthl
work, and spend large sums of public
money on them, have very little exact
knowledge at their disposal to enable
them to judge as to the kinds to use, the
specific purposes for which to employ
them, and the methods of application.
They frequently rely upon the statements
of the vendors of these substances, state-
ments which cannot be always relied
upon."

If this is true for the public health offi-
cial it is not surprising that the ordinary
citizen, with h.is profound ignorance of
disinfectants and their use, relies entirely
upon the directions given by the manu-

facturer, no muatter how absurd they are.

Aks an example of suclh directionis I will
cite the followinig, taken froml tlle label
onl a sample of disinfectant: lFor piri-
fying the air of houses, schools, hospitals,
etc., dlilute onie teaspoonful of the fluid
with onle quart of wvater and(l spritikle

about freely." As a matter of fact the
dilution recommended would not be suffi-
cient to kill the typhoid bacillus under
the conditions of the Rideal-Walker test,
a dilution of 1 to 165 being required to
kill the typhoid bacillus in 10 minutes
un(ler these conditions, while the dilu-
tionl givenl is approximiiately 1 to 236.
Anl, of course, it is all nonsense to ex-

pect such a proce(tlre to purify the air.
Since the way we really (lo things,

then, is to follow directions instead of
bothering witlh phenol coefficients it
might not be a bad idea to recognize the
fact officially and abandoni the use of the
phenol coefficient. Instead of this, man-

ufacturers of disinfectants could be re-

quire(l to have their products tested
againist the germs of the various diseases
they miention in their literature, the tests
being made under coniditionis simulating
iuatural coniditions as nearly as can be
done in the laboratory, and they should
be required also to recommend the use

of dilutions of their products consistent
with such tests. A guarantee that any

given product had tlhus been tested and

founid efficielnt in the dilutions recom-

mlenided would be worth more than any

coefficient.
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Dysentery Bacillus in Urine of Infant.-
There were no vaginitis, .pyelitis, cystitis or

other urinary complications in this case. The
organism was discovered as the result of
routine cultures on the 16th and 19th days.
Stool cultures on admission and on the three
following days, as well as three weeks later,
were negative for B. dysentcric.-C. Creigh-
ton, C. E. Wagner and W. C. Davison,
John.s Hopkins Bulletini, 32, 50 (1921).

Action of Mercurochromi, 220 on the
Gonococcus.-Mercurochrome 220 shows a

powerful germicidal effect against the
gonococcus. The gonococcus is about 40
times as susceptible to the action of mercu-

chrome 220 as B. coli. SolutionIs of mercuro-

chrome 220 lost their germicidal potency on

standing, and should therefore be used only
freshly made.-Erniest 0. Swartz anid David
M. Davis, Joutr. A. 3l1. A., 76I, 844 (1921).

The Use of Mosquito Nets in the Past.-
Sir Patrick Hehir, Mlajor General (retired)
of the Indian MAedical Service, states in a re-

cent issue of the Lancet that mosquito nets
were used as a protection against mosquitoes
in India by Europeans in 1828. The discovery
of the malarial parasite by Laveran occurred
long after this date, in 1881. The author sug-

gests that the practice of the Babylonians and
ancient Semitic peoples in anointing themselves
with oil might have had an anti-mosquito sig-
nificance. He also quotes from Herodotus,
who described a device used by the ancient
Egyptians to protect themselves from mos-

quito bites. It consisted of a fish net wrapped
about the person. The Romans used the cono-

peum11, or mosquito net, though certain Roman

military leaders thought it unmanly to indulge
in such protection.-Mosqnito Nets; Their Use

in the Past. The Lat cet, March 12, 1921.-
(.1. A. T.)
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