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TABLE XXXIII.
Relation of the Kentucky Sanitary Privy to Well Pollution.

Results on B. coliin

Well No. Type of well. Depth. frlggﬁa:‘ci; Direcd?:ir;.from Condition of well.
10¢e. | 1.0cc. | 0.1 cc.
| It St
4 Cistern. 60 Same. Brick-lined; concrete top. = =
8 ¢ 40 1 Concrete; wooden top. o a0 =
9 o | 50 Down hill. Brick-lined; wooden top. ol S ot
21 & 50 Opposite. Concrete; brick near pipe. A = —
26 i 150 % Brick-lined; wooden top. -+ — —
28 % 75 5 Concrete; 3 it Ar o aF
29 « 50 G < f6° SNk Seracked. el + o
30 113 60 | « « “«’ [{3 + + od
2 Driven pump. 35 100 ¥ Good. F = =
11 Drilled “ 60 60 i Curb near pipe loose. + + +
18 d ’ 60 o “ Stagnant water around pipe; leak to well. | + + ==
25 Bored £ 25 150 o Concrete cover. aF = =
27 Dug S 25 150 6 Brick-lined; board top. ot £ T
5 “ well. 22 40 % Poor. “F aF a0
6 “  pump. 15 120 5 Open top. 4F a5 S
7/ i - 15 TA8[0) | F ARG Cover in bad condition. aF aF =
8a “  bucket. 12 125 & Poor. + |+ i
ga « « 18 350 “«’ «© + + +
31 “ pump: | 12 50 £ Banked up; no top. Sis & e
31(2) £ i 15 100 £ In field; wooden top; open. + + +
32 “  swooden pipe. 8 100 & Open top. ar o ar
33 “  bucket. 15 120 I Brick-lined; open top. ar a5 A
3 “  pump. 16 60 = Tairly tight cover. i + -

¥9
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Bacillus coli in 1.0 or 0.1 cc. The drilled wells were relatively purer
than the dug wells. In the two drilled wells showing Bacillus coli
in 1.0 and 0.1 cc. samples of the water it was demonstrated, as will
be shown in Table XXXTII, that the pollution was derived from the
surface. The dug wells invariably showed gross contamination.

TABLE XXXIV.
Summary of Relation of Type of Well to Extent of Pollution.

B. coliin
Type of well. No. tested. =
10 cc. 1.0 cc. 0.1 cc.
(GTXe o O T e O s 8 2 3 2
Pigenawells wl e 1 1 0 0
Priledd et b LI=T- T oels 3 1 1 1
BT IvGRlIET s o . | 4, W i1 1 1 9

Pollution of Wells from Privy Drains.—In order to determine more
directly the possibility of subsoil pollution of the ground-water by
the efluent from these septic privies, the following experiments were
performed. Three drilled wells, Nos. 11, 18, and 25, were selected
for this purpose. Wells 11 and 18 each supplied water to about a
dozen families and were located within 50 to 150 feet of as many septic
privies. Both wells were more or less polluted. The conditions were
therefore most favorable for the purpose of the experiments. Well
25 was on school ground within 150 feet from two Kentucky sanitary
privies, one used by the boys, the other by the girls. The privies had
been in use for about 2 years by over 100 pupils. The water of this
well was also slightly contaminated despite the fact that the cover
was solid cement sloping away from the pump. In the one case the
large number of closets in use about 8 months, in close proximity to
one another, caused massive contamination of the soil; in the other
the long continued use (2 years) by a large number of children pro-
duced the same effect. If subsoil pollution of ground-water does
occur, it seemed that sites selected should furnish the evidence of
that fact.

In order to demonstrate the possibility of the passage of septic
fluid from the privies to the wells the following procedure was adopted.
A concentrated solution of fluorescine in 5 per cent ammonia water
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was made and 100 cc. of this solution were added to a pail of water
used for inoculation. One pail was added to each of the receiving
tanks, and another to each of the tile drains. Five to ten pails of
water were then added to the septic tank. This was repeated several
times at intervals of 2 or more days. The use of the closets was
continued as usual with the daily addition of a bucket of water to
the tank. Samples of the water were taken at intervals, and the
people were requested to report the appearance of a greenish tinge
in the water.

The tests were started on June 3. Four closets nearest to Well 11
and four surrounding Well 18 were treated as outlined. On the school
ground the two closets received double the amount of the dye. The
water of the 3 wells was examined on the 4th, 6th, and 11th days
after the addition of the fluorescine, always with negative results.
At no time was the presence of the dye observed even after pro-
longed pumping.

The experiment was then modified in order to determine the pos-
sibility of surface contamination. 20 cc. of the concentrated dye
were poured on the ground near the pumps and around the bolts
fastening the pump casing. The pump was then worked intermit-
tently for about half an hour. At the end of that time the dye
appeared in pumps, Nos. 11 and 18, and continued to appear for
several hours afterward. In Pump 25 (the school pump), the dye
could not be detected in the well water. It was possible, therefore,
to establish the likelihood of surface contamination in two of the
three wells. Well 25 is especially interesting since despite the fact
that neither surface nor subsoil pollution could be demonstrated,,the
water obtained after prolonged pumping was decidedly more turbid
and more grossly polluted than at the beginning of the pumping.
The explanation of this curious phenomenon probably lies in the fact
that the Kentucky soil is of limestone formation and that once the
limestone stratum is penetrated (as was the case in this well) pollution
may be brought by a channel from some remote point. This would
harmonize with the occasional appearance of a leaf or other bit of
foliage in the water, especially after prolonged pumping.
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Summary of the Studies on Kentucky Sanitary Privy.

1. The XKentucky sanitary privy if properly constructed and
properly operated gives a darkly colored slightly turbid effluent free
from solid fecal matter after it has been in use about 6 months. This
effluent has a reaction of pH 7.7-8.0 and is rich in Bacillus coli. Bacilli
dysenterie and Bacillus typhosus inoculated into the effluent die out
within 1 to 4 days, respectively, if the mixture is kept in the dark
at 28-30°C.

2. Experiments designed to demonstrate (a) the ability of typhoid
bacilli to pass from the septic chamber to the drain-pipe in a few
days, and (b) the subsequent passage of pollution from the drain to
the well gave negative results.

3. Tests of soil specimens and of well waters confirmed the results
obtained in connection with the studies of the pit privy. Pollution
from the tiles does not, as a rule, penetrate the soil to a depth greater
than 3 feet. The extent of the pollution of well water depends more
on the condition of the well than on the type of privy or its proximity
to the well.

These deductions may also reasonably be applied to other privies
of the same class, provided they are so constructed as to comply with
the conditions of these experiments.

Chemical Closets.

Within the past few years a type of privy known as the “Chemical
Closet” has appeared on the market. These closets are supposed
to accomplish two things: the disinfection and at least partial dis-
integration of the excreta. They usually consist of a can or tank
which can be installed in the cellar or other part of the house, and is
connected to a toilet in the bedroom. The receiving tank is charged
with a concentrated solution or emulsion of the active chemical—
usually caustic with or without a coal tar disinfectant—which breaks
down the solid excrement and at the same time destroys the danger-
ous bacteria. When the tank is full, the contents are removed and
buried or otherwise disposed of.

The device has a number of advantages. The tank is water- and
fly-tight; the closet can be installed in the house, affording the desired
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privacy and convenience. It requires no attention except when the
tank is filled. The only question to be considered is whether dis-
infection is actually accomplished.

In the course of the investigation, opportunity was atforded to
examine a number of closets of this type. All of them were made by
one firm. The chemical used was caustic. The closets tested had
been in operation for periods varying from 6 weeks to 3 months. The
tank had a capacity of approximately 125 gallons and was supposed
to require emptying about every 6 months.

TABLE XXXV.
Test of Fluid of Chemical Closet.

Source. ogei:?tfii)llla ¥ Odor. ‘ Color. Solids. ﬁi?é)ﬁli:? Coli. |Anaerobes.
ity).
N
T 6 wks. | Pungent. Deep brown. | Slight. 1.25 - -
B 6 <« [13 (13 113 141 1 - 5 N i1
S Gt 4 Light % 1.75 — —
St. 3 mos. | Very pungent.| Deep “ Small parti-| 0.06 = | =0 s
cles.
C 24 et S IS Small parti-| 1.5 - -
cles.
GICEH 3t S i Small parti-| 0.65 - -
cles.
Gritli=353% S =t AL Small parti-| 0.5 - —
cles.
St. 2 wks., | Pungent. ! g Small parti-| 1.0 - —
re- cles.
charged.

The following tests were made on the material obtained from the
tank: (1) odor; (2) presence of solid feces; (3) reaction; and (4)
presence of Bacillus coli. Eight closets were examined with the results
indicated in Table XXXV. ;

It appears from these results that this particular type of closet
accomplishes what is claimed for it, during the first 3 months. In
one of the closets in use 3 months, the alkali was exhausted to the
point where it no longer killed the spore-bearing anaerobes though
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it still destroyed the non-spore-forming bacteria. It would seem that
the efficacy of the system could easily be controlled by a simple titra-
tion of the tank contents.

GENERAL SUMMARY OF RESULTS.

The investigation reported in the preceding pages brought to light
the following facts, some observed for the first time, others confirma-
tory of previous observations.

1. The typhoid and dysentery bacilli succumb rapidly on exposure
to, an unnatural environment. (e) Both typhoid and dysentery
bacilli die out in 1 to 5 days in septic tanks. (b) In solid feces the
typhoid bacilli may survive for a period of 10 to 15 days, while the
dysentery bacilli rarely survive longer than 5 days. The paratyphoid
bacilli are the most resistant members of the group; the Shiga dysen-
tery bacillus is the most sensitive. (¢) The survival period of thesc
organisms in soil is greater than in either feces or septic fluids, and
varies particularly with themoistureandreaction of the soil. Temper-
ature effects the viability, but the two main factors normally are
moisture and reaction. In moist natural soil of a pH value of 6.6—
7.4, the typhoid and dysentery bacilli may be recovered up to 70
days. Inthe same soil dry, the bacilli are not recovered after 2 weeks.
In moist acid soils, pH 4.8-5.4, 90 per cent of the inoculated bacilli
die out within the first 10 days, the others may survive as long as
30 days. All the organisms survive longer near freezing temperature
(4°C.) than at higher ones (20-37°C.). (d) The antagonistic action
of soil bacteria on typhoid and dysentery bacilli is due largely to'the
alkaline reaction resulting from their metabolism. Specific inhibitive
substances are, however, elaborated by some soil bacteria, notably
Bacillus fluorescens and Bacillus proteus.

2. The spread of pollution from a focal point is limited in scope.
(¢) Typhoid and dysentery bacilli under experimental conditions
were not observed to spread laterally to any appreciable extent,
although they were carried vertically through a column of 2 feet
of porous soil. In denser soil they failed to penetrate through 1
foot. (b) In the field, where the subsoil was free from pollution,
either near pit privies or near tile pipes from septic tanks, contami-
nation extended downward to a depth of § to 3 feet, and laterally
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only about 3 feet, from the bottom of the pit or tiles. (¢) Heavy
rains or constant dripping of water may carry surface pollution to a
depth of 10 feet.

3. Pollution of wells is usually surface in origin. < (¢) There was
no correlation between the type or proximity of the privy to the
degree of contamination of the adjacent wells. The purity of the
well water varied rather with the condition of the well. Driven
shallow wells with pumps were, as a rule, free from contamination,
while dug wells with pumps or buckets were generally grossly pol-
luted. (b) Experiments with fluorescine failed to show subsoil
pollution of wells from privies, but proved in some instances at least
the possibility of surface contamination.

CONCLUSIONS.

It is evident from the results obtained in this investigation, as well
as from those reported by Whipple and by Eijken and Grijns, that
the pit and the septic privies, if properly constructed, are practically
free from danger as far as the spread of intestinal infections of bacterial
origin is concerned. Whether that holds true with regard to hook-
worm infection still remains to be determined. These privies might
under certain conditions become a menace from a sanitary standpoint.
If, for example, it was found that the soil is favorable to the survival
and passage of the bacteria to the underground water, then they
might be considered dangerous. However, under the various con-
ditions represented in this investigation, there was neither prolonged
viability nor ready passage through soil. In fact, the dangerous
organisms were found to die out rapidly in feces and privy material,
and water leaching through soil could, as a rule, carry them only a
distance of about 3 to S feet. It seems, therefore, reasonable to con-
clude that these systems of sanitary disposal of human waste are
practically safe, provided they meet the necessary requirements.

From the practical sanitary standpoint, there are certain require-
ments which the sanitary privy should fulfill. Since subsoil pollution
is uncommon while surface pollution is widespread, the first obvious
requisite is concentration of the excreta at a single point below the
surface of the soil. The next essential is to prevent the mechanical
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distribution of the fecal matter, either by overflow wash or by flies.
The excreta should, therefore, be deposited a sufficient depth below
the surface to prevent overflow during heavy rains and should further-
more be properly covered to eliminate fly. breeding. Furthermore,
since it has been shown that pollution may at times, under extreme
conditions, penetrate a depth of 10 feet, it is important that a vertical
distance of at least 10 to 15 feet be allowed between the fecal deposit
and the ground-water level. Finally it is desirable that the privy
require little attention and be relatively cheap.

The above generalizations should form the basis for the practical
construction of either pits or septic privies. The pit privy can be
used safely in any soil similar in character to those studied in the
course of this investigation, provided the ground-water level does
not rise higher than 10 to 15 feet from the surface. In such soils a
pit about 3 feet deep would be within the limits of safety if properly
protected against flies. The cheapness and the relatively little care
that it requires would recommend it in certain communities.

In limestone regions and in soil where the water-table is near the
surface, the pit privy should not be considered safe. In such localities
the Kentucky sanitary privy or one of similar design might be
recommended. This type of privy should have a sufficient storage
capacity to allow time for the destruction of pathogenic bacilli—
approximately S days. If that precaution is taken there should be
very little danger of infectious material passing from the drains to the
ground-water, especially if there is a layer of soil of about S feet
between the drain and the ground-water level. The drain-pipe should
also be placed about 2 feet below the surface.

In general, it should be emphasized that any form of subsoil
disposal should be designed with a knowledge of the character of the
soil and particularly with due regard to the ground-water level. The
vertical distance between the source of pollution and the ground-
water is the significant factor. The horizontal distance between the
source of pollution and the well is of relatively slight importance
except when there are underground channels or cracks in the soil.

This leads to a consideration of the character of the drinking water
in the rural community. Although rural sanitarians have paid a
great deal of attention to the proper disposal of human excreta, they
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have practically overlooked the other important sanitar problem—
the supplying of pure water. This investigation shows fairly con-
clusively that pollution of the water supply is mainly surface in
origin. The dug bucket well is constantly exposed to the danger of
surface pollution and direct human contamination. The question is
of sufficient importance to warrant shifting some of the emphasis
from the proper and safe disposal of the excreta to the protection of
the water supply from direct human contamination. The danger
from the latter source is real, while that from subsoil contamination
is rather remote.
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