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Storage Factors Affecting the Deterioration Rates of Certain
Chlorine Preparations of the Sodium Hypochlorite Type*

I. The Effect of Diffused Daylight
By Eilmer M. Plein and L. Wait Rising

In the course of an investigation con-
ducted on the problem of stabilizers for a
chlorine preparation made by one of our
western manufacturers, the writers learned
that the deterioration rates for such prepa-
rations were subject to unexpected vagar-
ies. The exploratory work indicated that not
only are extremely rapid deterioration rates
an actuality under certain conditions of use,
but that the same preparations under other
circumstances can be stable to an unsus-
pected degree. A study of the literature
demonstrates, too, how little has been pub-
lished concerning the effect of factors such
as age on the chemicals which are the active
agents of such preparations before they are
put into solution for use, while in solution
as reserve stock, and under other conditions
of storage. The investigation clearly showed
the possibility that many of the sodium
hypochlorite and p-toluenesulfonchloramide
types of antiseptics now in general use
having a variety of purposes might be failing
to a hazardous degree in their function be-
cause of unrecognized deterioration. Hos-
pitals, manufacturers, the Drug Deteriora-
tion Committee of the Ainerican Association
of Colleges of Pharmacy, and users of the
substances other than those directly con-
nected with the public health professions,
such as restaurants, taverns, public baths
and laundries, are all seriously concerned
with the instabilities of such preparations
and the things that might be done to alle-
viate instability.

The research described in this and sub-
sequent papers was designed to study a
number of the factors which might logically
have some effect on the rate of deterioration
of commercial preparations of these chem-
ical types.

* From the College of Pharmacy, University of
Washington, Seattle, Wash.

Presented to the Scientific Section of the A. PH. A,
Detroit meeting, 1941.

The ramifications of the problem made
it necessary to divide it into parts and at-
tack each part separately. Since this condi-
tion was due in a degree to the large number
of both sodium hypochlorite and p-
toluenesulfonchloramide preparations on the
market it was decided to study first only the
former. The latter substances would then
be left until the completion of the initial
phase of the problem. The effect of diffused
daylight on the sodium hypochlorite solu-
tions was the first factor considered. Under
many conditions of use and storage, chlo-
rine solutions are kept on open shelves with-
out thought of protection from normal dif-
fused daylight as it is found in the average
room with two exposures. It is true that at
times this light can become quite intense.
However, its long-time effect without re-
gard for the periods of high intensity was
considered to be the factor of major impor-
tance. Since much has been said about the
protective effect of colored glass this factor
was examined also.

EXPERIMENTAL

Ten commercial preparations of chlorine which
covered the field of use from those designed prin-
cipally as antiseptics to those whose major utility
is in the laundry were selected for study. They were
purchased in the popular stock bottle sizes. Sam-
ples of each were then transferred to clear, blue,
green and amber bottles of equivalent size. These
were stored on open shelves in a laboratory having
window exposure on the east and south. The shades
were never drawn. The room temperature was fairly
constant throughout the examination because of air
conditioning. The number of sunny and cloudy
days during the period of examination is shown in
Table I.

The determinations of available chlorine were
made approximately every 30 days for a series of
ten analyses. The initial determination on each
specimen was made at the time of transfer from the
original or commercial container to the experi-
mental containers. The U. S. P. XI method for the
assay of solutions of sodium hypochlorite was used.
This procedure was modified to a small degree in
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that 1-cc. samples were taken for the second to fifth
determinations inclusive, and 5-cc. samples, accu-
rately measured at 20° C., for the remainder. Also
sulfuric acid was used in place of acetic acid, be-
cause the former gave more consistent results. This
was demonstrated by a series of control assays in
which the efficiency of both acids was carefully ob-
served. The results of the determinations showing
the rates of deterioration for the ten chlorine solu-
tions studied under the conditions of the investiga-
tion are shown in Tables II to XI, inclusive. Be-
cause the majority of the manufacturers whose
preparations were studied requested that their

TABLE I.—NUMBER OF CLEAR, PARTLY CLOUDY AND
CLoupy DAYs DURING THE PERIOD OF INVESTIGA-
TION (DATA TAREN FROM THE OFriciaAL WEATHER
REPORTS OF THE UNIVERSITY OF WASHINGTON
DEPARTMENT OF GEOLOGY)
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products be reported by number instead of name,
each preparation will be known by the prefix C,
with the appropriate serial number following. These
designations will be carried throughout the study. .

TABLE IV.—RATE OF DETERIORATION OF C-3 UNDER
THE CONDITIONS OF THE STUDY

Period of Per Cent of Available Chlorine for

Exposure Various Colors of Storage Bottles
in Days Clear Green Blue Amber
0 5.06 4.61 4.68 4.30
28 4.25 4.36 4.33 4.49
62 3.65 4.00 3.95 4.28

94 2.97 ... . e
127 2.89 3.72 3.49 4.17
160 2.41 3.47 4.05
188 2.39 3.40 3.00 4.02
234 2.21 3.21 2.93 3.85
256 2.10 3.08 3.49 3.82
275 1.89 3.08 2.68 3.80

‘Weather ¢
No. of
No. of Partly No. of
Clear Cloudy Cloudy
Month Days Days Days

May 24-31 4 1 2
June 18 7 5
July 15 7 9
August 17 3 11
September 13 6 11
October 2 5 24
November 1 3 27
December 8 1 22
January 7 3 21
February 9 2 17
March 1-20 11 3 6

6 Average light intensity in laboratory: clear days, 50
candle power per sq. ft.; partly cloudy days, 33.5; cloudy
days, 22.5. :

TaBLE I1.—RATE oF DETERIORATION OF C-1 UNDER
THE CONDITIONS OF THE STUDY

TABLE V.-—RATE OF DETERIORATION OF C-4 UNDER
THE CONDITIONS OF THE STUDY

Period of Per Cent of Available Chlorine for
Exposure Various Colors of Storage Bottles
in Days Clear Green Blue Amber
0 3.40 3.32 3.34 3.43
28 3.01 3.11 3.13 3.32
62 2.58 2.84 2.80 3.19
94 2.03 e .. ce.
127 2.01 2.63 2.40 3.19
160 1.71 2.44 2.18 3.17
188 1.61 2.36 2.00
234 1.44 2.28 1.83 2.86
256 1.28 2.86 0.23 2.61
275 1.17 2.01 0.04 2.58

TABLE VI.—RATE OF DETERIORATION OF C-5 UNDER
THE CONDITIONS OF THE STUDY

Period of Per Cent of Available Chlorine for
Exposure Various Colors of Storage Bottles
in Days  Clear Green Blue Amber
0 1.01 0.98 0.99 1.01
28 0.86 0.91 0.90 0.97
62 0.72 0.83 0.74 0.98
94 0.51 0.65 0.58 0.87
127 0.44 0.68 0.59 0.96
160 0.40 0.65 0.52 0.99
188 0.37 0.62 0.47 0.97
234 0.35 (.58 0.39 0.96
256 0.32 0.55 0.33 0.95
275 0.28 0.50 0.32 0.94

TaBLE I11.—RATE OF DETERIORATION OF C-2 UNDER
THE CONDITIONS OF THE STUDY

Period of Per Cent of Available Chlorine for
Exposure Various Colors of Storage Bottles
in Days Clear Green Blue Amber
0 4.73 4.66 4.69 4.80
28 4.17 4.44 3.94 4.52
62 4.15 3.91 3.93 4.41
94 2.85 3.48 3.36
127 2.88 3.16 4.25
160 2.55 3.45 4.26
188 2.45 3.36 3.03 4.15
234 2.12 3.22 2.81 4.03
256 2.06 3.05 2.58
275 2.03 3.00 2.56 3.94

TaBLe VII.—RATE oF DETERIORATION or C-6
UNDER THE CONDITIONS OF THE STUDY

Period of Per Cent of Available Chlorine for

Exposure Various Colors of Storage Bottles
in Days  Clear Green Blue Amber
0 4.66 4.65 4.65 4.59
28 4.12 4.48 4.38 4.52
62 3.63 4.09 4.04 4.46
94 2.96 S S e
127 2.92 3.78 3.54 4.36
160 2.55 3.52 3.20 4.28
188 2.38 3.45 3.04 4.16
234 2.30 3.31 2.95 4.12
256 2.16 3.18 2.78 3.92
275 1.96 3.09 2.72 3.93

Period of Per Cent of Available Chlorine for
Exposure Various Colors of Storage Bottles
in Days Clear Green Amber
0 6.31 5.92 6.19
28 5.31 5.37 5.56
62 4.40 4.91 5.08
94 3.41 Cee .
127 3.08 4.15 4.62
160 2.77 3.85 4.36
188 2.61 3.73 4.01
234 2.45 3.33 4.06
256 2.23 3.15 ..
275 2.10 3.10 3.62
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TaBLE VIII.—RATE oOF DETERIORATION OF (-7
UNDER THE CONDITIONS OF THE STUDY

Period of

Per Cent of Available Chlorine for

Exposure Various Colors of Storage Bottles
in Days  Clear Green Blue Amber
0 2.48 2.47 2.25 2.62
28 2.16 2.30 2.39 2.46
62 1.67 2.09 2.19 2.39
94 1.10 1.71 1.73 2.32
127 0.90 1.79 1.04 c
160 0.61 0.67 0.24 2.37
188 0.26 0.12 0.02 2.35
234 0.05 0.04 0.01 1.67
256 0.04 0.03 0.01 0.04
275 0.03 0.03 0.01 0.04

TABLE IX.—RATE OF DETERIORATION OF C-8 UNDER
THE CONDITIONS OF THE STUDY

Period of Per Cent of Available Chlorine for

Exposure Various Colors of Storage Bottles
in Days Clear Green Blue Amber
0 4.13 4.18 4.15 4.19
28 3.64 3.80 3.70 3.97
62 2.97 3.39 3.09 3.70
94 2.14 2.68 2.24 3.21
127 1.90 2.84 2.05 3.22
160 1.57 2.07 1.62 2.86
188 1.38 1.78 1.40 2.56
234 1.14 1.40 1.13 2.05
256 0.99 1.22 0.97 1.88
275 0.88 1.13 0.90 1.77

TaBLE X.—RATE OF DETERIORATION OF C-9 UNDER
THE CONDITIONS OF THE STUDY

Period of Per Cent of Available Chlorine for

Exposure Various Colors of Storage Bottles
in Days Clear Green Blue Amber
0 4.73 4.76 4.77 4.73
28 4.37 4.46 4.42 4.58
62 3.77 4.22 4.08 4.51
94 3.11 . . L
127 3.05 3.88 3.69 4.35
160 2.62 3.71 3.05 4.29
188 2.50 3.58 3.17 4.17
234 2.40 3.42 3.04 3.85
256 2.23 2.87 2.81 4.00
275 2.14 2.87 2.81 3.90

TaBLE XI—RATE OF DETERIORATION OF C-10
UNDER THE CONDITIONS OF THE STUDY

Period of Per Cent of Available Chlorine for
Exposure Various Colors of Storage Bottles
in Days Clear Green Blue Amber
0 4.72 4.57 4.59 4.72
28 4.30 4.48 4.34 4.51
62 3.79 4.13 3.98 4.41
94 3.01 L S AN
127 2.99 3.76 3.50 4.29
160 2.51 3.49 2.84 4.27
188 2.48 3.41 3.09 4.08
234 2.31 3.27 2.93 4.01
256 2.15 3.07 2.75 3.7:
275 1.96 3.04 2.70 3.69
DISCUSSION

The data collected are summarized in
Tables XII, XIII and XIV. From these
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tables, it is evident that amber glass con-
tainers offer better protection against the
destructive effect of diffused daylight than
the other bottles used. In order of effective
protection value the four containers rate:
(1) amber, (2) blue, (3) green and (4) clear
glass. It is also apparent that if the major-
ity of the preparations studied are used
within a month or so after purchase their
approximate maximum utility is available.

TABLE XII.—A COMPARISON OF THE DEGREE OF
ToTAL DETERIORATION OF THE SAMPLES STUDIED

Per Cent Total Deterioration during Study

Clear Green Blue Amber
Preparation Bottles Bottles Bottles Bottles
C-1 62.38 48.98 67.67 6.93
C-2 58.58 33.54 41.50 14.38
C-3 62.57 33.18 42.73 11.62
C-4 65.58 39.45 98.50 24.78
C-5 57.08 35.62 45.42 17.91
C-6 66.72 47.63 L. 41.52
C-7 98.79 98.78 99.55 98.48
C-8 78.69 72.97 78.31 57.75
C9 54.75 39.70 41.09 18.19
C-10 58.48 33.48 41.18 21.82

TaBLE XIII.—ORDER OF DETERIORATION

The products are listed under each container
according to their degree of deterioration. The one
showing the least deterioration is listed first, and so
on.

Clear Green Blue Amber
Bottles Bottles Bottles Bottles
C9 C-3 C9 C-1
C-5 C-10 C-10 C-3
C-10 C-2 C-2 C-2
C-2 C-5 C-3 C-5
C-1 C-4 C-5 C-9
C-3 C9 C-1 C-10
C-4 C-6 C-8 C+4
C-6 C-1 C-4 C-6
C-8 C-8 C-7 C-8
Cc-7 C-7 R C-7

TABLE XIV.—DETERIORATION RATINGS

The number assigned each product indicates its
position according to degree of deterioration in the
different containers. Its deterioration rating is ob-
tained by adding all the position numbers and divid-
ing by the number of positions, which is 4.

Aver-
Total age
Position in Posi- Posi-
Prepa- Clear Green Blue Amber tion tion
ration Glass Glass Glass Glass Points Points
C-9 1 6 1 5 13 3.25
C-5 2 4 5 4 15 3.75
C-10 3 2 2 6 13 3.25
C-2 4 3 3 3 13 3.25
C-1 5 8 6 1 20 5.00
C-5 6 1 4 2 13 3.25
C-4 7 5 8 7 27 6.75
C-6 8 7 .. 8 232 7.66¢
C8 9 9 7 9 34 8.50
C-7 10 10 9 10 39 9.75

¢ Based on three ratings only.





