PUBLICHEALTH REPORTS

VOL. 39 APRIL 18, 1924 ! No. 16

SICKNESS AMONG 21,000 AUTOMOBILE WORKERS.
Morbidity Experience of the Flint and Pontiac (Michigan) Sick Be;leﬁt Associations
in 1921 and 1922.!

By DEAN K. BRUNDAGE, Assistant Statistician, United States Public Health Service.

The morbidity statistics of the Industrial Mutual Association of
Flint and the Pontiac Employees Mutual Benefit Association are
of particular interest from a public health point of view because
they cover a considerable proportion of the adult male population
of the cities of Flint and Pontiac, and because the membership rep-
resents the personnel of practically all of the larger manufacturing
establishments in these two communities.®> These establishments,
save for a few small exceptions, are all engaged in the production of
automobiles or of automobile parts and accessories; hence for all
practical purposes they relate to the automobile industry only.

PROVISIONS WHICH AFFECT THE STATISTICS.

The sickness claim experience of an industrial mutual association,
of course, does not represent all the disabling sickness occurring
among the persons belonging to such an organization. The frequency
and severity rates of associations for sickness insurance have to be
studied in the light of the rules and regulations which are found to
affect the frequency of claims and the recorded duration of incapaci-
tation. The more important limiting provisions of the Flint and
Pontiac associations are as follows:

(1) Only those cases of illness and nonindustrial accidents are cov-
ered which cause disability for six working days or longer.

(2) Sick benefits are not paid for, and consequently no record is
kept of any given disability beyond the thirteenth consecutive week
of sickness, nor for the disabling illnesses of any member beyond an
aggregate of 18 weeks in any 12 months.

3) No benefits are paid for disability received while the member
is under the influence of intoxicatin ﬂquors, through immorality,
wilful misconduct, vice, violation of Faw, fighting or scuffling, vene-
real diseases, neuritis, lumbago, trachoma, lame back, straining of
the lumbar muscles, or hernia; provided, however, that in cases of
hernia, if a successful operation has been performed, benefits are
paid from the date of such operation. The Pontiac association, in

: From the Statistical Office, United States Public Health Service, in cooperation with the Office of
Industrial Hygiene and Sanitation, United States Public Health Service. '

2The number of males in Flint, age 20 and over, in 1920, was 35,941; the average membership of the
Flint association in 1921-22 was 16,773, or 47 per cent of the male population at these ages. In Pontiac
the male population, age 20 and over, was 13,346 in 1920; the average number of members of the Pontiac
association in 1921-22 was 4,480, or 34 per cent of this population.
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addition, does not pay for any form of rheumatism unless authorized
by the claims committee; and the Flint association, although paying
for rheumatism, denies benefits for cases of sciatica.

(4) No benefits are paid to any member whose disability is found
to be the result of causes existing prior to his becoming a member
of the Flint or Pontiac association.

(5) Female members may receive benefits only for those disabili-
ties which aré common to both sexes.

(6) No member is entitled to receive sick benefits unless he or she
has been a member in good standing for 21 consecutive days before
such sickness begins.

In addition to eliminating from consideration many of the diseases
which are difficult of verification, these associations have the follow-
ing provisions for the purpose of safeguarding the funds against the
malingerer or the person afflicted with “krankengelthunger”:

(1) “It shall be the duty of the secretary or his representative to
investigate all cases of disability of members in good standing at
least once a week.

(2) “Any person detected in obtaining or attempting to obtain
benefits fraudpueiently shall be expelled from the association.

(3) “No benefits shall be paid to any disabled member without
the written certificate of a duly qualified medical practitioner or
surgeon unless sick benefits are authorized by the claims committee.”

The amount of the benefits varies from $1 to $2.50 per day,
depending upon the class of membership. Each week for which
benefits are paid consists of six secular days. Membership is volun-
tary. The percentage of women belonging to either organization is
probably not above 5 per cent of the total membership, so that the
rates of sickness can be considered as male rates for all practical
purposes.

On account of the various provisions and limitations just recounted,
the morbidity statistics presented in the accompanying tables prob-
ably are not comparable with any other group of industrial employees
either within or without the automobile industry; nevertheless these
rates of sickness are of interest from the standpoint of disease pre-
vention, on account of the information they give concerning the
relative frequency of different specific diseases and groups of diseases
occurring among the population under consideration, and the days
lost per person and per case of disability under the several “artifi-
cial” conditions mentioned; and because they afford a starting point
for observation of the future trend of the more serious illnesses among
a considerable proportion of the adult male population of two rapidly
growing industrial communities.

RATES OF THE TWO ASSOCIATIONS COMPARED.

The sickness frequency and severity rates of the Pontiac associa-
tion, it will be observed, were considerably lower than those for the
Flint society. The possibility of a less favorable age distribution of
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the membership of the Flint association is suggested by a tabulation of
sickness claims according to age.® TFor the two years under review,
the data from the Flint association were not available in such a way
as to permit the computation of sickness rates according to age
groups. From the information available it seems probable that age
differences only partially explain the disparity in the illness rates of
the two associations.

TABLE 1.—Frequency and severily of specified diseases causing disability for siz

conseculive working days or longer among the members of the Flint and Pontiuc
sick benefit assoctalions in the two years ending December 31, 1922.6

Diseases causing disability (with corresponding | Annual number | Calendar days , :
title numbers in parentheses from the Interna- | Of new cases per | of disability per C“plg‘;’;’ef’,,‘” s
tional List of the Causes of Sickness and Death— | 1,000 persons. | 1,000 persons.b
1920 revision). 3

Disease groups arrayed according to their frequency R
in Flint. Flint. |Pontiac.| Flint. [Pontiac.| Flint. | Pontiac.

All diseases and conditions (1-205)...eeceeeeecnnnnn 113.5 84.9| 3,854 2,127 | 3L6 25.4

1. Respiratoryillness..............ccooieieniienannn 43.6 3.6 1,315 739 311 24.1

ulmonary tuberculosis (31)....cccceceeanan. 2.4 .8 1 65 78.1 82.4
Influenza and grippe (11)....ccveeeeieaaana . 13.2 10.3 313 193 24.9 19.5
Bronchitis (99) . ......ocociiiiiiiiiieaannnnas 8.8 6.5 275 141 31.8 22.6
Pneumonia (100, 101).......c..ceeieeennn.... 4.0 3.8 161 131 43.0 26.3
Pleurisy (102). . ccueeecieneernneiaeaennannn 3.0 2.3 96 70 32.7 30.9
Diseases of the pharynx (109). .. 8.9 5.4] - 181 90 21.0 16. 4
Other respiratory illness (97, 98 3.3 2.5 108 49 32.9 20.0

2. Diseases of the digestive systeme. 19.4 16.1 766 457 40.1 2%.9

Diseases of the sto (11,1 5.8 6.0 230 147 40.0 24.3
Diarrhea and enteritis (114). 2.5 1.1 81 22 32.3 22.0
4.9 3.7 217 124 47.0 35.7

. 1.9 1.7 106 86 33,6 49.1

110, 115, 116, 119-127) ... .................... 4.3 3.6 132 78 29.8 21. 4

3. Diseases of the skin and cellular tissue (151-154)... 6.7 4.0 185 65 27.3 16.1

4. Epidemicand infectious diseases 6.3 5.4 178 152 28,1 28,0

Typhoid fever (1)........ .9 .3 46 13 48.3 54.3
Smallpox ()......... .8 .8 20 201 232 25.7
Measles (7).......c.un .1 .3 2 6 210 17.3
Scarlet fever (8).... R . 1.3 1.1 41 39 30.7 34.8
Diphtheria (10) ............................. 2.0 2.2 48 57 24.8 25.9
Mumps, German measles, chicken pox (13,

........................................ 1.2 .7 21 12 18.0 17.8

5. General diseases except epidemic and infectious. . 6.3 4.0 211 106 33.8 26.4

Purulentinfection (41)....................... 2.2 1.2 54 S22 25.2 18.1
Lead poisoning (67)..........cccivieaenaan.. .1 .8 4 16 43.0 19.7
All other general diseases (32-66 except 41).... 4.0 2.0 153 63 3%.5 34.0
6. Diseases of the nervoussystem @ .. 6.0 4.0 275 110 45.6 2R.6
Neuralgiaand neuritis (82)................... 1.8 1.2 52 26 30.6 22.4
Other diseases of the nervous system (70-§1, :

L% 20 ) N 4.2 2.8 223 84| 5.4 31.2

7. Rheumatism and myalgia ¢ (51, 52, 158). 5.5 1.6 198 32| 36.4 19.2

8. Externalcauses / (165-203).......... 5.0 12.4 152 282 30.8 22.7

9. Nonvenereal diseases of the genito-ur .

tem and annexa (128-142).......... 4.9 2.2 207 62 11.9 27.7

10. Diseases of the circulatory system (8 4.7 1.7 201 75 42.9 44.6

11. Ill-defined diseases (205).... 2.9 1.1 82 28 28.4 23.6

12. Diseases of the bones and of t| 2.2 .8 84 19| 42.6 23.3

Average membership..........cceeiiiiia... 16,773 4,480 | .ooiiifeeeeniiioiiiiieiiiiin

@ For number of cases and days of disability see Appendix, Table A. .

b Benefits are not paid for, and, consequently, 1o record is i:ept of, disability for more than 13 consecutive
weeks for any given disability, nor for more than 18 weeks in any 12months. ~ Thescverity ratesinclude the
waiting periocf,‘ i. e., the first five working days of disability.

¢ Except diseases of the pharynx, which have been included in the respiratory group as shown,

d Including organs of special sense (eyes, €ars).

e Including lumbago, torticollis, ete.

f Mostly nonindustrial accidents. .

3 A discussion of the question of possible age differénces in the membership of these associations is given
in an article entitled “Can sick benefit associations profitably cngage in disease prevention work?”, pub-
lished in the December (1923) issue of the Journal of Industrial Hygiene, Boston.
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SEASONAL VARIATION IN DISEASE INCIDENCE.

In the accompanying chart of sickness frequency by month of onset,
the incidence rates have been plotted as index numbers to show
relative changes in the frequency of disease from month to month. On

SEASONAL VARIATION IN THE INCIDENCE OF SPECIFIED DISEASES AND DIg-
EASE GROUPS: COMBINED IXPERIENCE OF THE FLINT AND FONTIAC SICK-BEIGTIT
ASSOCIATIONS mmmmmmmw

I novmc AN WRICH W

Al

T | ALL RESPIRA- g] DISEASES OF THE @

$ ALL DISEASES o TORY DISEASES [ | DIGESTIVE SYSTEM

glso- - AND COMDITIONS - 150

g | / A\

g \’V‘

Z so $ 50

2 ALL EX-

4 CEPT RESPIRATORY

=0 o

i 250, 1250

> INFLUENZA DISEASES OF THE

= AND GRIPPE BRONCHITIS PHARYNX

¥ 2001 ' 4 200

£

§ 150 / diso

x

§toc ’ e N 100

g sol \\/- u L 5o

-

[}

& o o

% DISEASES OF THE SKIN PREUMONIA PLEURISY

4 1504 4 150

2100 Wi\ \ A /\ 100

=

.'i_' so4 L S0

w

(-3

.2 d R

5 ° JH": A-I-Fl 14 IATM'Fs N J'rww: NIBF‘IFIM'A‘uIG IJ |A|s|o'H$'u °
MOMTH IN WHICH

ghcptﬂns ducuu iawM #ick benefits l

this graph equal slopes mean equal rates of increase or decrease. The
chart affords no conception of the comparative magnitude of the
rates for different diseases, but does show the relative changes in these
rates from month to month
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From the graph for all diseases and conditions it is seen that dis-
abling illness among the workmen of Flint and Pontiac tends to occur
with greatest frequency in the month of December, and with lowest
frequency in July. Respiratory diseases in this locality tend to have
their highest incidence in February and lowest incidence in July.  In
contrast, the total for all discases except respiratory was smallest in
February and greatest in August. Discases of the digestive system
occurred with greatest frequency in late summer; at minimum fre-
quency in the spring. Wide variations in the occurrence of influenza
and grippe, notwithstanding a very definite scasonal tendency, are
suggested b) the graph. The abruptness of the peak of bronchitis
frequency in February and its sharp decline in July indicate the sca-
sonal tendency of this respiratory affection. Diseases of the pharvnx
(tomsillitis, pharyngitis, quinsy, etc.) exhibit less pronounced varia-
tion, though the seasonal trend is marked, the greatest relative in-
crease occurring just after the low poivt is reached in August. Dis-
eases of the skin, at least for this group of industrial employees, tend
to increase steadily from May to September, and then to decrease al-
most as steadily through the winter and spring until the low point is
reached in May. The relatively high incidence of pneumonia in May
and October indicates that in these months, as well as in mid-winter,
corditions may favor the spread of the disease. The frequency of
pleurisy appears to be highest in late spring and relatively low in the
three coldest months. The number of cascs, however, of either
pleurisy or pneumonia is not large enough to afford a satisfactory
conception of the truc scasonal variation of these discases.
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TABLE 2.—Seasonal variation in the incidence of specified diseases and disease
groups: Combined experience of the Flint and Pontiac sick-benefit associations
an the two years ending December 31, 1922.

Dis-
Al All
dis |Respir dis | Influ| » n oDis- | a8 | pis.
eases | & eases | enza ron- | Pneu- en- i eases
Month of enset. and dis;-y except | and | chitis. | monia.| risy. ;‘h?:? dtxlg::- of the
condi- | eases.? | respir- | grippe. nx. sys- skin.
tions.! atory. yox. tem.?
Number of cases.
Jan 272 107 165 37 17 11 4 2 92 1
February..... 345 191 154 86 46 15 7 28 42 14
h 382 200 182 114 29 15 8 27 51 1B
April.. 318 110 208 41 17 3B 13 19 36 13
ay. 324 98 226 19 18 18 18 19 61 »
June 303 72 21 16 6 13 19 68 19
July. 304 63 241 11 11 6 5 20 60 M
Augus 445 118 327 19 34 8 M 17 99 3
Sep 4 112 295 15 3 7 7 34 108 »%
October .. 453 160 293 46 39 23 8 36 69 32
November 459 164 285 7 4 - 18 14 42 K4 20
December. 557 262 295 100 50 31 11 59 80 P14
Annual rumber of cases per 1,000 persons.
107.8 42.4 65. 4 14.7 6.7 4.4 1.6 10.3 16.6 4.4
1227 7.3 57.4 32.1 nm2 5.6 2.6 10. 4 15.7 5.2
1222 64.0| 582} 365 9.3 4.8 2.6 8.6 16.3 4.2
95, 4 3.0 62.4 12.3 5.1 3.9 3.9 5.7 10.8 3.9
90.2 21.3 62.9 a3 5.0 5.0 50 53 17.0 28
83.0 19.7 63.3 2.4 4.4 1.6 3.6 5.2 18.6 5.2
77.3 16.0| 6L3 2.8 28 L5 1.3 5.1 17.5 6.1
110. 4 29.3 8.1 4.7 85 2.0 3.5 4.2 2.6 82
101.9 28.0 73.9 38 82 L8 1.8 8.5 2.5 9.0
112.2| 39.6 72.6 11.4 9.7 57 2.0 8.9 17.1 7.9
122. 4 2’7 .7 9.9 1.7 4.3 3.7 1.2 189 7.7
143.3 67.4 7.9 25.7 12.9 80 2.8 15.2 20.6 6.9
Ratio of annual number of cases per 1,000 persons each month to the average jor all months.
Average....... 107.9 | 40.1 67.8 13.5 &5 4.1 2.9 &2 18. 4 6.0
Janwary............. 99.9 | 105.7 96.5 1 108.9 78.8 | 107.3 55,21 125.6 90.2 73.3
February 119.3 | 177.8 84.7| 237.8 | 202.4| 136 8.7 126.8 8.3 88.7
March 113.3] 159.6| 8&.8| 270.4| 109.4 | 117.1 89.71 1049 88.6 70.0
April. 88.4 82.3 92.0 91.1 60. 0 95.1| 1345 69.5 5.7 65.0
ay.. £3.6 68. 1 92.8 39.3 5.8 1220 172.4 64.6 92.4 46.7
June. 76.9 49.1 9.4 17.8 51.8 39.0| 124.1 63.4; 1011 86.7
July.. 71.6 39.9 90. 4 20.7 32.9 36.6 44.8 62.2 95.1 101.7
August.............. 102.3 73.1| 119.6 348 | 100.0 48.8 | 120.7 51.2 | 133.7 136.7
September.......... 94.4 69.8 | 109.0 28.2| 96.5 43.9| 62.1| 103.7 | 144.0 150.0
ctober............. 1080 98.8 | 107.1 84.41 114.1] 139.0 69.0 | 108.5 92.9 131.7
November.......... 113.4 { 109.0| 116.1 73.3| 137.7 ) 1049 | 127.6 | 136.6 | 102.7 128.3
December........... 132.8 | 168.1 | 112.0 | 190.4| 151..8 | 195.1 96.5| 185.4| 112.0 115.0

1 Except those diseases for which sick benefits are not allowed. See text.

2 Including influenza and grippe and diseases of the pharynx, but not pulmonary tuberculosis.

r’ch];{t includiln diigascs of the pharynx, otherwise the same as in the International List of the Causes
of Sickness and Death.

DISEASE FREQUENCY BY ESTABLISHMENTS.

In Table 3, giving data for the Pontiac association, the highest rate
(121.1 cases per 1,000 persons per year) is for a group of small plants
classed as “ All other plants,” and the lowest rate (62.1 cases per 1,000
persons per year) occurred in plant F. The highest rate is approx-
imately twice the magnitude of the lowest rate. In Table 4, giving
data for the Flint association, the highest rate, 151.1, is not quite twice
as high as the lowest (85.8). The range appears to be considerable,
and might suggest the existence of certain conditions reacting un-
favorably upon health in the establishments having the highest
disease incidence rates. It is possible, however, that certain plants
have a relatively larger proportion of older men on their pay roll than
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other plants have, and thercfore more sickness in accordance with the
well-known fact that the frequency of disabling illness increases with
age. The sickness rate of a given establishment may also be influ-
enced to some extent by the races or nationalities composing the
personnel, possibly even by the proportion of the workers who are
married or single, or by certain other factors that we do not yet
know of. Without information about these questions we can not
conclude that establishment G, for example, in Flint, and “ All other
plants” in Pontiac are especially hazardous places in which to work.

The relative frequency of specific diseases and groups of diseases in
different plants usually affords some clue as to the conditions causing
disability. When a high rate is found to be due to the excessive
frequency of one or two specific diseascs, the existence of a specific
health hazard or hazards in the plant is at least suggested. Thus a
high incidence for diseases of the nervous system would suggest that
perhaps the employees were being speeded up or for some reason
working under tension. When, however, an establishment’s sickness
rates are high for all or nearly all groups of diseases, it is well to look
into the age distribution of the personnel, the class of persons em-
ployed, and possibly other factors before concluding that specific
health hazards exist in the factory.

In plant D at Pontiac there were 6 cases of lead poisoning causing
inability to work for a period longer than five consecutive working
days, and there were 1 and 2 such cases, respectively, in plants L and
J in Flint. Aside from lead poisoning, however, the case rates for
specific diseases in the different plants do not indicate unhygienic work-
ing conditions. The rates for some of the diseases, it is true, appear
to be high in certain plants, but can not be claimed as such until the
degree of accuracy in diagnosis, the age distribution of the personnel,
and -certain other facts are known. Nevertheless, high indicated
rates for specific diseases in different plants are arrows which point
to those establishments in which the conditions of work may be
causing or aggravating ill health.. They indicate the factories which
should be placed under further observation.

In Tables 3 and 4 a comparison is afforded of the disease rates in
each establishment with the average rate of all establishments, and
with the frequency of sickness in the plants having the lowest illness
rates. Probably the best standard for comparison would be the plant
which experienced the lowest disease frequency, but in both Flint and
Pontiac the factory having the lowest illness rate did not have enough
persons to make the rate trustworthy; consequently, for Pontiac the
average of the lowest and the next to the lowest rate plants was taken
as the standard, and for Flint the average of the four plants which had
the least sickness in proportion to the number employed, namely,
plants L to O. This procedure afforded a plant population of 1,726
for the standard at Pontiac, and 3,015 for Flint, numbers large enough
to afford fairly reliable sickness rates for comparative purposes.
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A rate which may or may not be actually excessive, but which
suggests at least the desirability of investigation, is the frequency of
14 cases per 1,000 persons per year from diarrhea and diseases of the
stomach in plant B, as compared with the average of 7.1 for all
plants in the association, and with an incidence of 3.8 in the low rate
plants.(E and F). If these diseases in plant B had occurred at the
rate of 3.8 cases per 1,000 persons per year instead of 14, there would
have been only 4 cases of diarrhea and diseases of the stomach in-
stead of 16, or an excess of 12 cases. Similarly, the rate of 6.3 in
plant D for diseases of the nervous system appears high when com-
pared with a frequency of 3.2 in plants E and F combined. The
membership in factory D experienced 21 nervous illnesses instead of
11, the number that would have occurred if the frequency of this dis-
ease group in plant D had been the same as in factories E and F.

In plant J, at Flint, the rate for diseases of the digestive system
(Nos. 111-127) was 20.1 annual cases per 1,000 persons, in compari-
son with the average rate of 14.6 in plants L to O, inclusive. Ex-
pressed in number of cases this means that among the 12,263 mem-
bers of the association employed in factory J, there were 494 cases of
digestive disease instead of 358, the number which would have oc-
curred in plant J if the frequency there had been the same as in
plants L to O, or an excess of 136 cases.

SUMMARY.

" 1. The sickness claim experience of the Flint and Pontiac sick
benefit associations is of interest from a public health point of view
on account of the knowledge afforded of the relative frequency of dif-
ferent specific diseases and groups of diseases, and the days of disa-
bility per member and per sick person from such illnesses.

2. These rates of sickness have to be considered in the light of the
several “artificial”’ contributing factors existing, i. e., conditions im-
posed by the rules and regulations of the orga.nization affecting the
frequency of sickness claims and the recorded duration of incapaci-
tation. )

3. Seasonal tendencies in the incidence of certain specific diseaseg
and groups of diseases are disclosed in the frequency rates by month
of onset.

4. Except for lead pmsomng, the sickness rates by pla,nts do not
indicate the existence of serious industrial diseases, although the rela-
tively high frequency of certain diseases, such as diarrhea and dis-
eases of the stomach in plant B (Pontiac), and of diseases of the
nervous system in plant D (Pontiac), and of diseases of the digestive
system (Nos. 111-127) in plant J (Flint), suggest the desirability of
investigating the causes of these rates in the establishments mentioned.
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"~ Appendix.

TABLE A.—Number of cases and days of disability from specified diseases causing
snability to work for stx comseculive working days or longer among the members
of the Flint and Pontiac sick benefit associalions in the two years ending December
81, 1922.

Terminated cases.
Diseases causing dlmbilit{ (with ccrre— Number of | Calend ¥S -
new casesin | of disabilityin
sponding title numbersin parentheses 1
from the International List of! the Causes 1921 and 1922.| 1921 and 1922. Number. %?l&nsgg:lﬁdr;’ 1
of Sickness and Death, 1920 revision).
Disease groups arrayed accordtng to )
frequency in Flint. Pon. Pon Pon Pon
Flint.| ;007§ Flint. | (00" | Flintf 400" | Flint. tiac,
All diseases and conditions (1-203)..... ees- 3,808 761 {129,280 | 18,054 | 3,578 740 |123,718 | 18,781
1. Respiratory illness. ............. ceeenn 1,462 283 | 44,130 | 6,620 | 1,345 271 | 41,795 | 6,539
gulmonary tuberculosis (31) 81 71 6,061 577 72 7 5 625 577
Influenza and grippe (11).. 4 442 92 110,506 | 1,726 392 87 9 0| 1,608
Bronchitis (99). . ......... .l 29 58| 9,230 { 1,263 267 54 8, 4971 1,219
Pneumonia (l ), 101). .. 135 341 5,42t | 1,177 116 32| 4,993 1,162
Pleurisy (102). ............. 101 211 3,207 630 |- 102 21| 3,334 640
Diseases of the phagux {109).. 207 49 | 6,062 8§06 | 288 48 | 6,053 785
Other mpiratory (97,98,103- 1 110 22| 3643 41| 108 3,553 441
2. Diseases of the digestive sysfem L 650 144 | 25,681 | 4,003 611 139 | 24,518 | 4,019
Disesm of the stomach (111,11 195 541 7,714 | 1,315 186 52| 7,435 ( 1,265
iarrhea and enteritis (114). 84 10| 2,709 200 76 9| 2453 108
ﬁppendidlis (117)........ 162 33| 7,28 | 1,107 148 31| 6,961 | 1,108
erniotomy (118). . " 15§ 3,555| ‘70| 65 16| 3,614] 7%
er digestive dxeeases (108 110 .
115 116,119-127) . . ........o.oo... 145 32| 4,418 701 136 31| 4,05 662
3. Diseases of the skin and cellular tisste )
161-154) . . ooviciiiniei e 225 36| 6,201 230 36| 6,011 580
Epidemic and infectious diseases. . 213 49| 5,958 | 1,360 197 481 5,535 1,342
fever (1) 31 3| 1,533 163 29 31 1,402 183
Smallpox (6)......... 28 7 678 180 29 7 732 180
(Dennrennnnnn 4 3 72 52 3 3 63 52
Scarlet fever (8) 44 10| 1,363 48 38 10| 1,168 348
ia (10) 66 20| 1,505 510 60 19 | 1,486 492
Mumps, German measles, chicken
P-) N 40 ] n7 107 38 6 684 2
8. General diseases except epidemic and
infectious.......c...ooveeiion... 2131, 38| 7,063 949 205] 36| 690} M9
Purulent infection (41). . 75 11| 1,806 199 73 11| 1,88 199
Lead poisoning (67). . ............. 3 7 144 138 3 7 144 138
All er eneral diseases (32-66 v
. 135 184 5113 612 27 181 4,80 612
6. Diseases o the nervous system 202| 36| 9221| 91| 193] 34| g795| oM@
Neuralgia and neuritis (82). . .61 1 1 748 231 54 10§ 1,654 224
ther <easesoft 6 nervous sys- )
141 251 7,475 750 139 4 7,141 748
7. Rhenmatlsm aném 185| 141 6 o84 | 185 15| 6744| 288
8. External causes & (1 ) 67{ M1} 5114 2,50 | M8 110| 4,58 | 2,485
9. Nonvmereal diseases ofthe genito-urin-
ary system and annexa (128-142).( 165 20§ 6,631 554 157 20} 6,578 554
10. Diseases of the circulatory system (87~
? .................................. 158 151 6,745 675 161 4 69011 624
31, I eﬂned diseases (205)............... 10 A 256 91 11| 2,58 259
. Diseases of the bones and of the jaints
(41570 £ ) P 73 7| 2,87 173 65 6] 2,71 170

1 Benefits are not paid for, and, consequently, no record is kept of, dxsabllxty for more than 13 consecutive
weeks for any given disability, 'nor for more than 18 weeks in any 12 months. The days lost during
the wattlng period, i. e., the first 5 working days of disability, are included.

Except diseases of the pharynx, which have been inctu od in the respiratory group as shown.
3 l Including organs of special sense (eyes, ears).
¢ Including lumbago, torticollis, etc.
6 Mostly nonindustrial accidents.
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STUDIES ON OXIDATION-REDUCTION.

VI. A PRELIMINARY STUDY OF INDOPHENOLS: (A) DIBROMO SUB-
STITUTION PRODUCTS OF PHENOL INDOPHENOL; (B) SUBSTI-
TUTED INDOPHENOLS OF THE ORTHO TYPE; (C) MISCELLANE-
ous.

By BARNETT CoREN, Chemist, H. D. GiBBs, Senior Chemist, and W. MANSFIELD CLARK, Chief of Divi-
sion of Chemistry, Hygienic Laboratory, United States Public Health Service.

The task of completing a series of oxidation-reduction indicators for
use in the study of oxidation-reduction equilibria, whether of simple or
of biological solutions, involves not only the establishment of data on
systems situated at more or less even intervals along the oxidation-
reduction scale, but also the selection of indicators with favorsble
general properties. Considerable exploration, with the guidance of
previous data, must be done; and, in the course of this exploration,
material of interest to other phases of the general problem may ac-
cumulate. The preceding paper described more or less complete
data on the oxidation-reduction potentials of certain simple indo-
phenols.  In this we shall briefly record explorations where we may
later develop more complete data.

None of the indophenols treated in the previous paper has, in
neutral or acid solutions, the brilliant blue color of the solutions of the
sajts. This impairs their usefulness in solutions of physiological
pH range. However, it was shown that the substitution of one halo-
gen for a hydrogen considerably increases the acid dissociation con-
stant of the oxidant, and it seemed probable that two halogens as in
phenol indo 2-6 dibromo phenol would so increase the dissociation
constant that in mildly acid solutions there would be gained the full
brilliancy of color. This proved to be the case.

Having the 2-6 dibromo quinone chloroimide, we combined it with
various phenols and made a few measurements which are of suggestive
value to the problem of substitution.

It was also of interest to learn whether any important differences
would be found by comparing para and ortho quinone structures of
types I and II,

o/ N’ N\o

AN AN @O

HO{ >N< > IIm
6/

Accordingly, three compounds of the ortho qulnone series (II) were
studied.



805 April 18, 1924

Compounds of the 26 dibromo series were made by combining 2-6
dibromo quinone chloroimide with various phenols in alkaline solu-
tion. Compounds of the ortho indophenol series were made by com-
bining ortho quinone ehloroimide with several phenols in alkaline
solution. An outline of the general proeedure of synthesis and puri-
fication was given in the previous paper. For the reasons stated in
that paper, detailed description will be postponed.

In addition to the compounds of the two series mentioned above,
guaiacol indophenol, a—naphthol indophenol, and 1-naphthol-2-sul-
phonate indo o-cresol are given brief attention here.

The methods of measurement and the symbols used have been de-
scribed in previous papers. The present series of measurements was
made in conjunction with the series described in the previous paper,
and the comments there given apply to the data here described.

In Tables 1-26 are given the experimental data. Complete meas-
urements were made only with phenol indo 2-6 dibromo phenol and
m—cresol indo orthophenol.

The data on the first allow the comparison shown in Figure 1
between (1) phenol indophenol; (2) o-bromo phenol indophenol;
(3) 2-6 dibromo phenol indophenol.

The data for the first two systems are described in the previous
paper. An interesting feature of this comparison is the 1-2-3 order
in the more alkaline and more acid solutions and the apparently con-
fusing, yet definite, way in which successive decreases of pK values
reverse this order within the intermediate zone of pH. The pro-
nounced influence of bromine upon the dissociation constants is shown

as follows:

Pbenol mdophenoL ....... e memmeee 0. 649 81 9.4 10.1
henol L ceioo- .659 7.1 8.5 10.2
2-6 dlbromo phenol indephenot - . .} .668 57 7.6 10.05

The influence of bromine is so much more marked in the case of K,
and K, than in the case of K, that we may tentatively assume the
first hydrogen to ionize chiefly from a phenolic group adjacent to the
bromine. This should be considered a statistical tendency and is in
harmony with the concept expressed in the previous paper that the
drawing in of electron pairs by the bromine permits easier escapement
of the hydrion. If, then, the predominating position of the phenolic
group in the oxidant is adjacent to the bromines, there must be
tautomerism in the dye synthesized from 2-6 dibromo quinone-
chloroimide and phenol.
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The above reasoning upon the predominant tautomer, is, of course,
by no means conclusive, but it strengthens the suggestion that the
observed effects of substitution can be quantitatively accounted for
only when the influence of the substitution upon the proportions of

tautomers is taken into account. ‘

1= phenol - indophenol
2-0-Br-phend
3= 2-6Brphenol -

pHI 5 6 7 8 9 10 11 I2

The difficulty can be shown more clearly as follows: Let two tau-
tomers, 77 and 7", with acid dissociation constants K’ and K”, re-

"

spoctively, be in equilibrium, as defined by %:—,= K. Using Noyes’s

(1910) trcatment, it is shown that I, the ‘“apparent dissociation
constant,” is defined as follows:

K+ KK,
Ko= 1+ Ky

,or pK,=log ILT-}-_I.-K”_KTT-I-IOg (1+ Ky)
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I K: is very small, pK, approaches pK’. If K: is very large,
p K, approaches p K”; but as K, approaches 1 in value, K, approaches
the average of K’ and .K”. Since in phenol indophenol the tau-
tomers are identical, Kr=1 and K,= K’'= K”. - Substitution may
now run the gamut of changes in K’, K” and K. In the above
illustration only two tautomers are considered. Others are possible.

In the previous paper we tacitly assumed that substitution of
alkyl or halogen was made in analogous positions of the same ring
and found characteristic changes revealing qualitatively in dissocia-
tion constants and in ‘“‘normal potentials’’ the characteristic tenden-

cies. We also noted the inherent difficulty in comparing the effects
of the same group substituted in different positions. We now find
in the K, values listed in Table 27 most curious effects following
substitution in both rings. These K, values were determined colori-
metrically and may be in error because of impurity of the compounds,
but they suggest surprising tendencies.

The dissociation constants of phenol indo 2-6 dibromo phenol
are sufficiently far apart to reveal clearly the several slopes of the
E',: pH curves. The system is, therefore, a favorable one with which
to show the E’,: pH: percentage-oxidation diagram in three dimen-
sions. Figure 2 is an isometric drawing of the relations. E, values

90163°—24——2 '
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aro plotted from left to right, percentage oxidation from back to
front, and pH values from top to bottom. The surface that cuts
these coordinates is shown intercepting the plane of constant pH
(12) at the bottom and the plane of constant potential ( +0.4 volts)
at the upper right; and, as an aid to visualization, there are shown
the E,: pH curves for 1, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 99
per cent oxidation.

M-Cresol indophenols
- ortho -para

*30—

+.20

*.10

|
6 7 8 9 10 11 12

pH

The intercept at constant potentm.l has the same general form as
the intercept at constant pH, but, of course, has difierent dimensions.

The four scctions of the E’,: pH curve having dggh values of

0.03, 0.06, 0.09, and 0.06, successively, from high to low values of

pH, are seen in Figures 1 and 2.
Between the ortho and para series of mdophenols there may be

expected distinet but not great differences, as suggested by Figure 3.
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The E’,: pH curves of m—cresol indophenol (para) and m-cresol
ortho indophenol show a remarkable parallelism and a distinctly
more positive position of the ortho system. The constants taken
from the previous paper and from Table 22 of this paper are com-
pared below. -

E, Ko - K, K2
m-Cresol indophenol. .. ... ... 0.632 ; 2.8X10~° | 2.7X10710 2.2X10-1t
m-Cresol ortho indophenol. . ... ... ... ... .. ... .647 | 4.2X107? ’ 4.5xX10-10 2.0x10-1

{

As was noted in the preceding paper and as clearly shown in
Figure 1, it is not fair.to make comparisons of E’, values at one
pH level, especially if. this pH level falls near any pK value. In
Table 27 are tabulated the E’, values measured, but they are com-
parable only in so far as they reveal the several systems to be within
a comparatively narrow zone of oxidation-reduction intensity.

Alpha napthol indophenol is of theoretical interest when compared
with the sulphonated derivative described in the third paper of this
series. Very unsatisfactory data were obtained, owing to the diffi-
culties of purification and the very low solubility of the material.
A suspension in 50 c¢. c. of water was alkalinized with 1 ¢. e. N/5
NaOH and shaken for an hour or two, then filtered, and a 5 c. c.
aliquot added to 50 c. c. of solution No. 224. The mixture partially
precipitated, so that the ratio of oxidant to reductant could not be
accurately determined during titration with leuco indigo carmine.
The graphically estimated mid-point of the titration curve was
—0.091. The estimated pH was 9.61. For the same pII there is
calculated, by use of the constants given in the third paper, the
value of  —0.042 for 1-naphthol-2-sulphonate indophenol. Here
again it seems that sulphonation tends to make comparable poten-
tials more positive, as was shown for the sulphonation of indigo
(see paper IV). ' !

In Table 26 is shown a measurement of E', at pH 8.679 for 1-naph-
thol-2-sulphonate indo o—cresol. The value 0.0182 is close to the
value 0.0179 calculated for 1-naphthol-2-sulphonate indophcenol by
the data of the third paper, suggesting that, within the limits
imposed by comparison at only one value of pI, the two systems
differ but slightly.

The data reported in this paper confirm our previous conclusion
that great changes in equilibrium potentials can not be brought
about by simple substitutions of the type employed.

- On the other hand, certain other properties can be modified by
simple substitutions, and to great practical advantage. Substitu-
tions by two bromines to give phenol indo 2-6 dibromo phenol bring
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about such an increase in the acid dissociation of tho oxidant that
this dye preserves its decp blue color in mildly acid solutions.
Whether it will be stable enough for genoral purposes remains to be
scen; but, if used with caution, it should be a valuable indicator for
physiological studies because of the relatively high positive eloctro-
potential at which it is reduced.

It is significant that many biochemical fluids reduce this compound
in the presence of air.

Of 15 fresh urines tested with no precautions for exclusion of
air, all reduced the dye. One of these very active samples of urine,
after having been heated to the boiling point and cooled, still reduced
the dye.

Neutralized suspensions of the macerated tissue of apple, potato,
banana, orange, and onion reduce the dye. A neutralized sample of
orange juice, having reduced the dye, was spread in a layer about
onc-third of 1 centimeter deep. It maintained the reduction one
and one-half days. The water had then evaporated. The residue
was taken up in water and revealed the blue color of the oxidized dye
only after the still reduced solution was treated with ferricyanide.

Doctor Sullivan finds that the roots of wheat seedlings exhibit
a reductive action over and above adsorption effects. The macerated
roots reduce the dye rapidly.

From previous experience we can say that most of the bacteria
ordinarily found among laboratory cultures will reduce phenol indo
2-6 dibromo phenol.

Samples of freshly drawn milk and suspensions of milk powder
induce partial reduction at varying rates. A sample of pasteurized
market milk, even when evacuated, failed to reduce; but a heavily
contaminated milk reduced rapidly under air exposure.

Professor Voegtlin finds that while necrotic tissue fails to reduce,
all living tissues of the rat so far tried not only reduce the dye but
keep it reduced for a time in the presence of air and residual quantities
of blood. On testing one of these suspensions of tissue we find the
dye still present as revealed by ferricyanide oxidation.

In some of the cases cited it is evident that the rate of reduction
exceeded the rate at which the atmospheric oxygen was activated,
and there is some suggestion that the ability of the systems to utilize
oxygen is not sufficient to produce the potential necessary to recon-
vert the dye to its oxidized form.

If, for the sake of general discussion, we use the 7H scale of oxida-
tion-reduction defined in the second paper of this series, we find that
the hypothetical possible range is from rH 0 to rH 41. Zero on this
scale represents a reduction intensity sufficient to liberate hydrogen
at atmospheric pressure. At rH 41, oxygen would be liberated at
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one atmosphere pressure and hydrogen would be “climinated’” at 10—+
atmospheres. On this scale the dye under consideration is half
reduced at rH=22. In other words, this system is about in the
middle of the theoretically possible range.

The fact that all the living cells tested reduce this dye indicates
not that we have reached one limit of endurance but that we are
perhaps approaching one limit of normal physiological oxidation-
reduction intensity; and it is of very considerable importance that
this limit lies midway in the possible range.

In the first place it simplifies very much the task of completing a
series of indicators for physiological purposes. If the first crude
survey has shown correctly that all living tissues reduce this indo-
phenol, and if our experience that certain bacterial cultures produce
a hydrogen overvoltage is considered, the physiological range to be
covered lies between 7H 22 and a value slightly negative to »H 0.

In the second place it would appear that the activation of atmos-
pheric oxygen is not sufficiently rapid or results in oxidants of
insufficient intensive action to keep the potential of the system at an
rH value higher than 22. This revives several questions of the
conduct of oxygen which are of great importance. But at this point
speculation had best await further experimentation.

Summary.

There are presented preliminary data on the equilibrium potentials
found with mixtures of the oxidant and reductant of the following
compounds: o-Cresol indo 2-6 dibromo phenol, m-cresol indo 2-6
dibromo phenol, thymol indo 2-6 dibromo phenol, guaiacol indo 2-6
dibromo phenol, o-bromo phenol indo 2-6 dibromo phenol, m-bro-
mo phenol indo 2-6 dibromo phenol, o-chloro phenol indo 2-6 di-
bromo phenol, phenol ortho indophenol, o-bromophenol ortho indo-
phenol, guaiacol indophenol, naphthol indophenol, and 1 naphthol-2
sulphonate indo o-cresol.

Complete data are given for phenol indo 2-6 dibromo phenol and
are compared with those of phenol indophenol and o-bromophenol
indophenol to show the effccts of successive bromine substitution.
The effect most important for the development of useful indicators
is the increase of the acid dissociation constant of the dibromo com-
pound in the oxidized state. Since itis 2X107° the blue color
of the oxidant persists in mildly acid solutions, as is not the case with
the simple indophenols.

Complete data are given for m-cresol ortho indophenol and are
compared with the corresponding para indophenol. A distinct but
slight shift to more positive potentials is observed in the ortho

compound.
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While most of the indophenols in the present series are not of
guaranteed purity, the indications are that substitution in the second
ring causes peculiar changes in characteristic potentials and dissocia-
tion constants. The situation has been analyzed, and it is believed
that the difliculties of interpretation are due to unknown proportions
of tautomers, the existence of which certain quantitative data show
to be probable.
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Tables.

TaBLE 1.—Phenol indo 2-6 dibromo phenol: Relation of E’, to pH.
[Eo=0.6677; Ko=2X10~5; K:=1X10~7; K.=8.9X10-1]

pH E’s cal- ’o Devia-

Solution No. culated. | found. tion,

6.97 | +0.2184 | +0.2194 | +0.0010

7.51 . 1803 . 1789 -

7.7 1621 . 1606 —. 0015

8.69 1070 . 1066 -

9.31 0711 . 0709 ~—. 0002

9.97 73 . 0388 +. 0015
10.86 | +.0019 | +-.0019 . 0000
1L71 ) —, —. 0253 . 0000
1229 —.0431 | —.0439 —. 0008
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TABLE 2.—Phenol indo 2-6 dibromo phenol (GI 18) titraled with leuco indigo

carmine at pH 8.706.

. Reduc- | (s .| E’ cor- Peviation
Indigo. A 0. ' En E's q from
e tion, (0-0300610g ¢\ rected. B} 6 0us.
Per cent.
3.99 —0.0415 | +0.1454 | 4-0.1049 | +0.1050 | 4-0.0002
7.98 —. 0319 L1365 L1046 . 1048 . 0000
11.98 —. 0260 . 1306 . 1046 . 1048 . 0000
15.97 —.0216 L1262 . 1046 1049 | 4. 000t
19.96 —. 0181 .122% . 1045 L1049 | 4. 0001
23.95 —. 0151 . 1194 L1043 1047 | — 0001
27.94 —.012¢+!  .1166 . 1042 L1047 | —.0001
31.94 —. 0099 L1141 .1042 . 1048 . 0000
35.93 —. 0076 7 . 1041 .1047 | —. 0001
39.92 —. 0053 L1694 . 1041 . 1048 . 0000
43.91 —. 0032 L1073 . 1041 1049 | 4 0001
47.91 —. 0011 L1051 . 1040 . 1048 . 0000
51.90 +.0010 (1029 .1059 .1048 . 0000
55.89 0031 .1008 . 1039 L1049 | 40001
5. 88 L0052 10985 .1 L1048 . 0000
63.88 0074 | L0962 . 1036 1047 | —. 0001
67.87 0097 | .0938 .1035 L1047 | —.0001
71.86 L0122 L0913 L1035 1047 | —.0GO!
75.85 -019 0886 . 1035 . 1048 . 0000
79. 84 L0179 1 L0854 .1033 1047 | —. 0001
3. 84 151 L0819 . 1034 L1049 | +.0001
87.82 58 1 . 0776 L1034 1049 | 4. 0001
91. 82 03151 0718 .1033 L1049 1 +.0001
95. 81 0409 | 0638 . 1047 L1063 | +.0015
100 oo S S R e
i

TaBLE 3.—Phcnol indo 2-6 dibromo phenol (GI 19) litraled with leuco indigo

carmine at pH 8.706.

‘Deviation
: Reduc- [S:] ’ E’, cor- :
Indigo. A X =r En E’y " i from
g tion. [0-03006 log 1S) rected. (8 1’00 18,
Per cent.
7.17 —0.0335 | +40.1358 | +40.1023 | +40.1025 | —0.0023
14. 34 —. 0233 L1273 . 104: . 1047 —. 0001
21. 50 —. 0169 1211 1042 . 1046 —. 0002
28. 67 —.0119 1160 . 1041 . 1047 —. 0001
35. 84 -.0276 L1116 . 1040 . 1048 . 0000
43.01 —. 0036 1077 . 1041 . 1050 -+. 0002
5. 18 4. 0001 . 1037 . 1038 . 1049 -+. 0001
57.35 0038 . 0998 . 1036 . 1048 . 0000
64. 52 0078 . 0956 . 1034 . 1048 . 0600
71.68 0121 L0911 . 1032 . 1048 . 0000
78.85 L0172 . 0859 . 1031 . 1048 . 0000
86. 02 L0237 | . 0786 . 1023 . 1042 —. 0006
43. 20 0342 | . 0669 . 1011 . 1031 —. 0017
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TABLE 4.—Phenol indo 2-6 dibromo phenol (C) titrated with leuco indigo carmine

at pH 8.706.
Deviation
: Reduc- L, (&} g ’ E’s cor-
. 9 ton) h E’s from
Indigo tion, (0.03006 log o rected. (8)] ‘010,
Per cent.
4.37 —0.0403 | +0.1456 | +0.1053 | +0.1053 | —0. 0001
8.73 —. 0307 . 1359 . 1052 . 1053 —. 0001
13.10 —. 0247 . 1300 . 1053 . 1054 . 0000
17.47 -—. 0202 .1255 . 1053 . 1055 +. 0001
21.83 —. 0167 .1218 . 1051 . 1053 —. 0001
26.20 -—.0135 .1186 . 1061 . 1054 . 0000
+ 30. 57 —.0107 . 1158 . 1051 . 1055 -+. 0001
34.93 —. 0081 1131 . 1050 . 1054 . 0000
39.30 -—. 0057 plirg . 1050 . 1055 . 0001
43.67 —. 0033 . 1084 .1051 . 1056 - 0002
48,04 —.0010 . 1061 . 1051 . 1057 -+. 0003
52.40 +.0012 . 1036 . 1048 . 1054 . 0000
56. 77 . 0035 . 1012 . 1047 . 1054 . 0000
61.12 . 0059 . 0988 . 1047 . 1054 . 0000
65. 50 . 0084 . 0963 . 1047 . 1055 . 0001
69. 87 .0110 . 0936 . 1046 . 1054 . 0000
74.24 .01 . 0907 . 1045 . 1054 . 0000
78.60 .0170 .0874 . 1044 . 1053 —. 0001
82.96 . 0206 0835 . 1041 . 1051 —. 0003
87.34 . 0252 . 0787 . 1039 ., 1049 —. 0005
l&' 70 . 0314 0727 . 1041 .1051 ~—. 0003

TABLE 5.—Phenol indo 2-6 dibromo phenol (C) titrated with leuco indigo carmine

at pH 6.934.
Indigo. Rteigg.c l003006 log {“%} Ey E,
Per cent.
4.4 —0. 0401 0.2607 | 0. 2206
8.89 —. 0304 <2515 L2211
13.33 —. 0245 . 211
17.78 —. 0200 . 2411 2211
2.2 —. 0164 - 2375 . 2211
26. 67 —. 0132 . 2343 L2211
3L11 —. 0104 . 2314 . 2210
35. 55 —. 0078 . 2288 .2210
40.00 —. 0053 . 2263 . 2210
44. 44 —. 0029 «2239 . 2210
48. 89 ~—. 0006 . 2216 . 2210
53.34 -+.0018 .2192 <2210
57.78 . 0041 . 2168 »2209
62 22 . .2142 . 2207
66. 66 . L2115 (. 2205)
712 .0118 . 2087 (. 2205)
75. 56 .0147 . 2055 (. 2202)
- 80. 00 . 0181 . 2019 (. 2200)
84.4 . 0221 L1977 (. 2198)
88.89 . 0271 L1922 (.2193)
93.34 + 0345 . 1850 (. 2195)
- - 97.78 . 0535 1711 )
100
Average=-10. 2210
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TABLE 6.—0-Cresol indo 2-6 dibromo phenol (A) titrated with leuco indigo car-
minc at pH 6.934.

: Reduc- S g , E’ cor- |Deviation
Tndigo tion. LW ]‘*léol E Bl lrected.(8) 4 G35t
c.ec. Per cent. i
4.72 —0.0393 | 40.2275 | 4-0. 1882 0.1883 | +0.0011
9.4 —. 0206 L2171 . 1875 L1877 -+. 0005
14.15 —. 0236 . 2107 . 1871 1874 -+. 0002
18.87 —. 0190 . 2059 . 1869 1873 . 0001
23.58 —. 0153 . 2020 . 1867 .1873 -+. 0001
28.30 —. 0121 . 1988 .1865 | - ,1872 . 0000
33.02 —. 0092 . 1956 . 1864 . 1872 . 0000
37.73 —. 0085 . 1928 . 1863 « 1871 —. 0001
42.45 —. 0040 . 1901 . 1861 . 1871 —. 0001
47.17 —. 0015 . 1875 . 1860 1871 —. 0001
11 - 51.88 . 0010 . 1851 . 1861 1873 . 0001
12.... - 56. 60 . 0035 . 1825 . 1860 . 1873 -+ 0001
b T S 61.32 . 0060 . 1798 . 1858 1872
14 66. 04 . 0087 L1771 . 1858 1873 + 0001
B L 70. 76 . 0115 . 1741 . 1856 . 1872
16....... - 75.48 . 0147 . 1708 . 1855 . 1873 + 0001
17. 80.19 . 0182 . 1671 . 1853 . 1872
18 - - 84.91 . 0225 . 1627 . 1852 . 1872 .O(HX)
19 — 89. 62 . 0282 . 1569 . 1851 . 1872 - 0000
20.__. 94. 34 . 0368 . 1479 . 1847 . 1869 —. 0003
2l e cccccccccaas D Ui, | R IR SRR NOUIRPIR -

TABLE 7.—0-Cresol indo 2-6

dibromo phenol (G) titrated with leuco indigo car-

mine at pH 6.934.

Deviation
. Reduc- [&] E'o cor-
Indigo. tion. [0.03006logrgy  En E'o  rected.(8) oA,
c.c. Per cent.
6. 80

EBRNR2RABRNEY
ARBINBSRENES

TaABLE 8.—0-Cresol indo 2-6 dibromo phenol

(4) tlitrated with leuco indigo
carmaine at pH 8.679.

’ Deviation
Reduc- [SJ ’ E’'s cor-
Indigo. tion.  [0-03006 log i [ En E's  lrected. (8) _Jaoé?w
[ X3 Per cent

1 - 5. —0.0382 | 490.1145 | 40.0763 0.0764 | -0.0037
D e e cccmcmceanma—ee—m—m——————————— 10.10 —. 0285 . 1024 . 0739 . 0741 +. 0014
3 - 15.15 -, 0225 . 0956 .0731 . 0734 4. 0007
4. 20.20 —.0179 . 0906 L0727 . 0731 4. 0004
5 25.25 —. 0142 . 0866 o .0729 +. 0002
6 - - 30.30 —. 0109 .0830 .0721 L0727 . 0000
Y S 35.35 —. 0079 . 0799 . 0720 L0727 . 0000
- S 40.40 —. 0051 L0771 . 0720 . 0727 . 0000
9 - 45.45 —. 0024 .0743 .0719 0727 . 0000
10..... 50. 50 . 0002 .0715 0717 .0726 —. 0001
) 3 S 55. 56 . 0029 . 0688 L0717 0727 . 0000
12. 60. 61 . 0056 . 0662 .0718 .0729 -+. 0002
13... - 65. 66 . 0085 . 0632 L0717 . 0729 +. 0002
) L ISP 70.71 0115 . 0599 .0714 .0727 . 0000
15 75.76 . 0149 . 0566 L0715 .0729 —+. 0002
16........ 80.81 .0188 0526 .0714 L0729 -+. 0002
17 - 85.86 . 0235 . 0476 L0711 .0727 . 0000
18 - 90. 92 . 0299 . 0411 .0710 L0727 . 0000
198.__ 100 -
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TasLe 9.—m-Cresol indo 2-6 dibromo phenol (A) titrated with leuco tndigo
carmine at pH 6.934.

: Reduc- S , E’, cor- [Deviation
Indigo. : 0.03006 ] En E' " from
tion. B[5,) rected. (B) | g 9103,
Per cent.

5.48 —0.0372 +0. 2481 0. 2109 0.2109 | 0. 0006
10.96 —. 0274 . 2104 . 2105 +. 0002
16. 44 -, 0212 23!6 . 2104 . 2105 +. 0002
21.92 —. 0166 . 2268 2102 2104 -+. 0001
27.40 - 0127 . 2228 2101 2103 . 0000
32.88 —. 0093 L2194 .2101 .2103 « 0000
38.35 —. 0062 . 2162 . 2100 . 2103 . 0000
43.83 -—. 0033 . 2132 . 2099 . 2102 —. 6001
49.31 —. 0004 .2103 . 2099 . 2103 . 0000
54.80 =+. 0025 L2074 | . . 2099 . 2103 . 0000
60.28 . 0055 . 2045 . 2100 . 2104 <. 0001
65. 7! 0085 2013 . 2098 . 2103 . 0000
71.24 0119 . 1980 . 2099 . 2104 -+. 0001
76.72 . 0156 . 1942 . 2098 .2108 .
82.20 . 1897 « 2097 . 2103 « 0000
87.68 0257 . 1840 2097 . 2103 « 0000
93.15 0341 . 1755 . 2096 . 2103 «» 0000

D (+.+ R R AR HPROITN SO e

TABLE 10.—m-Cresol indo 2-6 dibromo phenol (A) titrated with leuco indigo
carmine at pH 8.679.

Deviation
. Red ', cor-
Indigo. Son Pooslogfg]  Ee | Be | ZeIG from

Per cent.
6.18

12.37 —. 0256 . 1195 . -+. 0011
18. 55 —. 0193 .1126 . 0933 . 0936 . 0006
24.73 —. 0145 . 1075 . 0930 . 0934 -+. 0004
30.92 —. 0105 . 1032 . 0927 . 0932 -+. 0002
37.10 —. 0069 . 0093 . 0924 . 0930 . 0000
43.29 -=—. 0035 . 0959 . 0924 . 0931 -+. 0001
49. 47 —. 0003 . 0027 . 0924 . 0932 -+. 0002
55. 66 +. 0030 . 0892 . 0922 . 0930 « 0000
61.84 . 0063 . 0858 . 0921 . 0930 . 0000
68. 02 . . 0821 . 0919 . 0929 —. 0001
B 33 . 0138 - 0781 . 0919 . 0930 0000
- 80. 40 . 0184 . 0735 . 0919 0931 +. 0001
86. 58 0244 . 0673 . 0017 . 0929 —. 0001
1&2). 76 . . 0584 . 0917 . 0930 . 0000

TasLE 11.—Thymol indo 2-6 dibromo phenol titraled with leuco indigo carmire

at pH 8.679.
Devia-
. Reduc- [S] v i
Indigo. i 0.0 En E'o tion from
14 tion. 3006 log oy L0052,
e.c. Per cent.

0.5 . 68 —O 0367 | +0.0914 | -1-0.0547 | +0.0025
1.0 11. 36 . 0802 . 0534 -+. 0012
15 17.05 —. 0207 .0736 . 0529 . 0007
2.0 2.73 —. 0160 . 0686 . 0526 +. 0004
2.5 28, 42 —.0121 . 0645 .0524 +. 0002
3.0 34.09 —. 0086 . 0608 . 0522 . 0000
3.5 39.77 —. 0054 . 0576 . 0522 . 0000
4.0 45. 46 —. 0024 . 0547 .0523 . 0001
4.5 51. 14 +. 0006 . 0516 . 0522 . 0000
5.0 56. 82 . 0036 . 0486 . 0522 . 0000
5.5 62. 50 0067 . 0455 . 0522 . 0000
6.0 68.18 . 0422 . 0521 —. 0001
6.5 73.86 . 0135 . 0387 . 0522 . 0000
7.0 79.54 |. .0177 . 0345 . 0522 . 0000
7.5 85.24 . 0229 .0293 . 0522 . 0000
8.0 90. 91 . 0301 . 0220 . 0521 —. 0001
85 183. 60 . 0438 . 0078 L0516 | —. 0006
b3 St B || | JE S, - ceeoe
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TABLE 12.—Guatacol indo 2-6 dibromo phenol tilrated ‘with leuco indigo carmine
at pH 6.934.
Indigo Redue- |, oa0510g [ E £ cor- Def‘r'lﬁxt:on
80. tion. {0 08[3,) “h ° lrected.(8) +001634
Per cent.
5.60 —0.0369 | +0.2007 | 0.1638 | +0.1638 | +0.0004
11.20 —.0270 | .1901 . 1631 L1622 [ —. 0002
16.81 —0209 | .1843 - 1634 .1635 | +.0001
241 —.0162| .1795| 1633 | .1635| 40001
28.01 —.0123 | .1755| .1632| .1634 . 0000
33.61 —.0089| .1720| .1631 .1634 0000
39.21 —. 0057 1687 | .1630| .1633 | —.0001
44,81 —.0027 1657 |  .1630 | «.1634 0000
50.42 +.0002 | .1628{ .1630 | .1634 . 0000
56.02 . 0032 1 (16290 | .1634
6L 62 . 0062 1568 | .1630 |  .1635| - 0001
6.2 $0094 1535 | 1629 | 1635 | 40001
72.83 .0129 1499 1628 | 1634
78.43 0169 | (1450 | .1628| .1835| 0001
84.43 .0221 1405 1626 | 1634
89.64 L0282 (1344 | 1626  .1634 . 0000
1%.24 0301 | .1234| (1625 1633 | —.0001

TABLE 13.—Guaiacol indo 2-6 dibromo phenol titrated with leuco indigo carmine

at pH 8.679.
E’s cor- {Deviation
: Redue- (&) , 0
Indigo. 4 0.03006 log Fors En . E'¢ |rected.(8)] from
tion. E(S:) +0.0495,
Per cent.

35 —0.0352 | -+0.0855 | -+0.0503 | +0.0504 { -0.0008
12.70 —. 0252 . 0747 . 0495 . 0496 . 0000
19.05 —. 0189 . 0684 . 0495 . 0497 + 0001

25.40 —.0141 . 0635 . 0494 . 0496
31.74 —. 0100 . 0592 . 0492 . 0495 - 0001
38.09 —. 0063 . 0555 . 0492 . 0495 —. 0001
4“4 —. 0029 . 0521 . 0492 . 0496 . 0000
£0.79 +. 0004 . 0488 . 0492 . 0496 . 0000
57.14) . 0037 . 0453 . 0490 . 0495 —. 0001
63.49 0072 . 0419 . 0491 . 0496 . 0000
69. 84 .0110 . 0382 . 0492 0498 +-. 0002

76.19 . 0152 . 0338 0490 0496
82. 54 . 0286 0489 0496 . 0000
l% 89 0271 . 0214 0485 0492 —. 0004

TaABLE 14.—o-Bromo phenol indo 2—6 dibromo phenol titrated with leuco indigo
carmine at pH 6.934.

S, E’o cor- Devxatlon
Indigo. Rt‘i’ggc‘ 0.03006 log [[-:S'::} Ey E's rected. | from
g ®) +0.2245.
Per cent.

6. 62 —0.0345 | +0.2592 | 4-0.2247 | 40.2247 | -0.0002
13.24 —. 0245 L2490 | +.2245 . 2246 . 0001
19.87 —. 0182 L2427 | +.2245 . 2246 -+. 0001
26. 49 —. 0133 22376 | +.2243 L2245 . 0000
33.11 —. 0092 2334 | +.2242 . 2244 —. 0001
39.73 —. 0054 . 2296 L2242 . 2245 . 0000
46. 35 —. 0019 . 2260 . 2241 . 2244 -—. 0001
52. 98 —+. 0015 . 2226 L2241 . 2245 . 0000
£9.60 . 0051 . 2190 L2241 2245 . 0000
66. 22 .0088 . 2153 . 2241 . 2245 . 0000
72.84 .0129 L2111 . 2240 L2245 . 0000
79. 47 .0177 . 2063 .2240 . 2245 . 0000
86.10 .0238 . 2002 .2240 . 2246 -+.0001
(!% 71 . 0332 . 1907 .2239 . 2245 . 000

1
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TABLE 15.—o0-Bromo phenol indo 2-6 dibromo phenol titrated with leuco indigo
carmine at pH 8.679

. Reduc- [ [s] E’, cor- |Deviation
Indigo. 1 0.03006 1 En E’s rected. from
tion. | 8 (%] ® | +0.1187.
Per cent.

6.50 —0.0348 | +0.1539 | +0.1191 0.1192 {  4-0.0005
13.00 —. 0248 . 1435 . 1187 .1189 +. 0002
19. 50 —. 0185 . 1370 1185 .1188 <. 0001
26.01 —. 0136 .1320 .1184 .1188 <. 0001
32.51 —. 0095 1277 .1182 .1187 0000
39.01 —. 0058 L1239 . 1181 .1186 —. 0001
45. 51 —. 0024 . 1204 .1180 .1186 —. 0001
52.01 +. 0010 .1169 .17 .1186 —. 0001
58,51 0045 .1134 . 1179 .1187 » 0000

65. 02 . 0081 . 1097 1178 . 1187
71. 52 0120 .1058 .1178 1188 +. 0001
78.02 . 0166 .1011 U7 .1188 | . 0001

84. 52 . 1175 .1187
l&l’.oz .0303 0870 1173 . 1186 ~. 0001

TABLE 16.—m-Bromo phenol indo 2-6 dibromo phenol titrated with leuco indigo
carmine at pH 6.934.

. E’, cor- |Deviation
Indigo. Reduc- 1y 13006 10g {—?;} B Eo | redted. | from

+0.2061 | 0.2560 | 0.261 | —0.0002
.2m64 | 2562 | .2563|  .0000
im0 | st | 263 .00
tozs | 2%l | 2563 | o000
2| las0 | 23| 0000
‘o680 | l250 | 2562 | —.0000
o660 | 12509 | 12563 [ 0000
‘2633 | 28| 2562 | —.o001
2608 | 258 | 2563 | 0000
‘o3| 2357|2563 L0000
250 | 2s57| [2363| 0000
‘2:6 | 2586 | .2563|  .0000
2511 ‘2563 | L0000
2554 | 12563 | 0000
2458 | 12553 | .2862| —. 0001
420 | 2352 | 2862 | —. o001
308 | 2551 |  .2561 | —.0002
261 S2561 | —.0002
19| aae| 2560 | .00
62| lasa7| 2689 | —.0004
178 | l2546 | 2559 | —.0004

|

TABLE 17.—m-Bromo phenol indo 2-6 dibromo phenol titraled wilh leuco indigo
carmine al pH 8.679. :

1
| E’, cor- ;Deviation
: Reduc- [S] , o
Indigo. | 0.03006 log o1l En Es rected. | from
I tion. 8 (5] @) | +0.1494,
¢ c. Per cent.
4.48 —0.0400 | 40.1892 | 40.1492 | 40.1493 | —0.0001
8.96 —. 0303 . 1795 . 1492 . 1493 —. 0001
13. 44 —. 0243 . 1736 . 1493 . 1494 . 0000
17.92 —. 0199 .1690 . 1491 . 1493 ~. 0001
22.40 —. 0162 1654 1492 . 1494 . 6000
26. 88 —. 0131 1622 1491 1494 0000
31.36 —. 0102 1593 1491 1494 . 0000
35. 84 —. 0076 1566 1490 1494 . 0000
40.32 —. 0051 1541 1490 1494 . 0000
44.80 - 7 1517 . 1490 1494 . 0000
49. 28 —. 0004 1493 . 1489 1494 . 0000
53.76 +. 0020 1469 . 1489 1494 . 0000
58, 24 . 1445 . 1488 1494 . 0000
62.72 0068 1420 . 1488 . 1494 . 0000
67.20 . 1395 . 1489 . 1496 +. 0002
71.69 .0121 . 1366 . 1487 . 1494 . 0000
76.17 0152 1335 . 1487 . 1494 . 0000
80. 65 0186 . 1300 . 1486 . 1494 0000
85. 12 0228 . 1257 . 1485 . 493 —. 0001
89. 60 . 0281 . 1202 . 1483 . 1492 -
94,09 0361 . 1120 . 1481 . 1490 -, 0004
100 fooceoeoooaoo. PO T .
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TaBLE 18.—0-Chloro phenol indo 2-6 dibromo phenol titraled with leuco indigo
carmine at pH 6.934.

. S E’; cor- [Deviation
Indigo. R&\;l:c- 0.03006 log [[“;:} En E, rected. from
‘ B) +0.2249.
c ¢ Per cent. ‘

4.77 —0.0391 | +0.2639 | 4+0.2248 | +0.2248 | —0. 0001
9.55 —. 0294 L2542 ) +.2248 L2249 . 0000
14. 32 -—. 0234 . 2481 . . 2248 —. 0001
19.09 —. 0189 . 2437 . 2248 . 2250 -+. 0001
23.87 -—. 0151 . 2398 . 2247 . 2249 . 0000
28.64 —. 0119 . 2366 . 2247 L2219 0000
33.41 - . 2336 . 2246 © 2249 0000
38.19 —. 0063 . 2308 . 2245 . 248 —. 0001
42.96 —. 0037 . 2283 . 2246 . 2249 0000

47.73 —. 0012 . 2257 . 2245 L2249
52.50 +.0013 .2233 . 2246 . 2250 . 0001

57.28 . 2206 . 2244 . 2248 —. 000

62.08 . 0064 2180 . 2244 . 2249 0000
66. 82 0091 2152 .2243 . 2248 —. 