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The utilization of sewage in agriculture has lately
been receiving increasing attention in many countries.
The question is especially important in a country with
limited water resources like Israel where insufficient
rainfall must be supplemented by irrigation. In order
to evaluate the public health hazard involved, it is
necessary, among other things, to obtain information
on the survival of enteric organisms in the soil. This
subject has been reviewed extensively and summarized
by Rudolfs et al. (1950).
The purpose of the present investigation, which was

started early in 1951, is to study the survival of enteric
bacteria in the soil under the field conditions obtained
in Israel. The climate is characterized by long, hot, and
dry summers and resembles that of the San Joachim
Valley in California.

MATERIALS AND METHODS

Coliforms, Streptococcus faecalis and Salmonella
tennessee were chosen for study. The streptococcus was
of particular interest in the light of Mallmann and
Litsky's (1951) suggestion that enterococci might be
good indicators of fecal pollution. The survival of these
species was studied at the soil surface and at a depth,
in summer and winter, in cultivated and uncultivated
plots. The survival of S. tennessee was also studied in
open storage tanks of the type commonly used in irriga-
tion practice in Israel.
The types of sewage used were either raw domestic

sewage, trickling filter effluent (Rigbi et al. In Press) or
raw domestic sewage mixed with a suspension of S.
tennessee.
The experiments were carried out in plots situated in

a valley near Jerusalem, the soil consisting of terra-
rossa (Mediterranean red limestone soils poor in organic
matter). The plots were prepared for irrigation experi-
ments under the supervision of the Water Department
of the Ministry of Agrioulture in 1951. The agricultural
part of the work was carried out by the Soils Depart-
ment of the Agricultural Research Station of Rehovot.
The experiments involving the survival of coliforms and
S. faecalis in soil irrigated with raw sewage and trickling
filter effluent were carried out in the summer of 1951 and
repeated in 1953. All of the other experiments were
carried out in 1952.

Jerusalem sewage is strong. The B.O.D. usually
ranges between 800 to 1200 ppm; and the most probable
number (MPN) of coliforms is generally of the order of
106 to 107 per ml. Pathogenic bacteria can occasionally
be isolated. Thus, out of 18 samples of sewage exam-
ined, Salmonella sp. (Type Meleagris) according to
Bergey's Manual was found in two samples, Salmonella
typhimurium in one, and Shigella dysenteriae in another.
Intestinal parasites are frequent, and include eggs of
Ascaris, Trichuris, Trichostrongylus, Taenia, Hymeno-
lepis, rhabditoidic larvae and cysts of Giardia lamblia
and Endamoeba. The trickling filter effluent has a
B.O.D. lying generally between 150 and 250 ppm. The
MPN of coliforms is usually of the order of 105 or 106.
Parasites are found less frequently and in smaller num-
bers in the trickling filter effluent than in raw sewage.
The procedure generally adopted was to run the

sewage in the furrows of the experimental plots. Sam-
ples were subsequently taken from various depths of
soil over a given period, and the bacterial numbers
determined. When S. tennessee was studied, cultures of
this organism were added to sewage to give a count
roughly equal to the coliform MPN.

Soil samples were taken from the surface of the soil
and at depths down to 8 in. In the latter case the
overlying and surrounding soil was first carefully
removed with a scoop to prevent particles from fall-
ing in.
Each sample examined was composited from three

samples taken at random from the plot studied. Twenty
grams of each composite sample were placed in sterile
Erlenmeyer flasks, 180 ml of sterile saline were added,
and the resulting mixture was then shaken for two
minutes. After settling for 30 seconds, a series of dilu-
tions was prepared from the suspension. Three such
composite samples were taken for each plot and the
results averaged.
The MPN of coliforms was determined by inoculating

the dilution into lactose fermentation tubes. Salmonella
was enumerated by the method of Heukelekian and
Shulhoff (1935): One ml of dilution was poured and
spread on Salmonella-Shigella plates (Difco SS). The
plates were dried in an incubator, then covered and
placed upside down. After 24 hours the colonies could
be counted with ease. Counting was still easier after 48
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TABLE 1. MPN of coliform and Streptococcus faecalis per gram
of soil irrigated with raw sewage and trickling-filter effluent

Plot Irrigated with

Days after Raw sewage Trickling-filter effluent
Irrigation

Coliforms Streptococcus Colifonns Streptococcusfaecalis faecalis

1 6,200,000 360,000 1,100,000 70,000
4 700,000 24,000 240,000 7,000
6 240,000 24,000 70,000 2,900
8 24,000 7,000 95,000 3,300
10 50,000 2,400 29,000 2,400

hours, by which time the center of the colonies had
usually darkened somewhat, owing to the formation
of sulfides. Individual colonies were identified by
agglutination tests with Kauffmann sera (1950). The
MPN of S. faecalis was' determined by using Rothe's
azide dextrose broth (Rothe, 1931) as recommended by
Mallmann and Seligman (1950). Positive findings were
verified microscopically, and specific tests were occa-
sionally carried out to confirm that the organism was
indeed S. faecalis. These tests comprised the ability (1)
to grow in tryptose broth containing 6.5 per cent so-
dium chloride; (2) to survive at a temperature of 60 C
for 30 minutes; and (3) to decolorize and clot litmus
milk.

Preliminary experiments were made in order to
determine whether the method employed gave low
counts because of the adsorption of bacteria by the
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soil. It was shown that on shaking Salmonella suspen-
sions with soil and allowing to settle, the count of the
suspension remained essentially unchanged.

RESULTS
A comparison was made of the survival in summer of

coliforms and S. faecalis in soil irrigated with raw
sewage and trickling-filter effluent, respectively. Raw
sewage and trickling-filter effluent were run in the
furrows of two uncultivated plots. The numbers of
coliforms and streptococci found in the soil at a depth
down to 4 in on successive days are given in table 1.

It may be seen that the number of coliforms and
streptococci dropped rapidly for both plots. After a
few days, differences between the two plots ceased to be
very marked. The rate of disappearance is roughly
similar for raw sewage and trickling-filter effluent. This
suggests that from the point of view of bacterial sur-
vival no advantage is gained by irrigation with trickling-
filter effluent.
A study was made of the survival of S. tennessee and

coliforms in uncultivated soil in winter. A calculated
amount of S. tennessee culture was added to raw sewage.
The mixture so obtained was found to contain 2 X 106
Salmonella organisms and 2.4 X 106 coliforms per ml.
The mixture was applied to a plot 160 sq ft in area
which had been irrigated with raw sewage during the
previous summer. The coliform and Salmonella popula-
tions in subsequent days are represented graphically in

0o- COLIFORMS (M.P. N.)
o---o s. TENNESSEE (OCUT

DAYS AFTER IRESSATION
FIGo. 1. Numbers of Salmonella and coliforms at surface of plot irrigated in winter with raw sewage containing Salmonella

tennessee suspension.
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figures 1 and 2. The figures also contain graphs of
weather readings and soil moisture, taken concurrently
with the determination of bacterial numbers.

Rain fell frequently during the experiment. Air tem-

peratures at that period ranged from 2 to 21 C, the
daily mean temperature varying from 3.5 to 17 C, with
a median value of 10.5 C. Soil moisture at the surface
ranged between 8 to 39 per cent, with a median value
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FIG. 2. Numbers of Salmonella and the coliforms at depth of 4 inches in plot irrigated in winter with raw sewage mixed with
Salmtionella tennessee suspension.

TABLE 2. Salmnonella tennessee, coliforms, and Streptococcus
faecalis per gram of soil. Plot irrigated in sunmner with raw

sewage mixed with Salmonella tennessee suspension

Soil Moisture
Per cent

(Dry Basis)
Salmionella tennessee

(Count)

Sur- 4 top in Surface 4 to 8 in
face depth Srae depth

29
27

25
21

17

15

15.5

15.1

14.3

12.5

725,000

70,000
550
45

2

0

0

0

0

0

30,000

1,300
500

3

0

0

0

0

0

0

Coliforms (MPN)

Srae4 to 8 inSurface 4dtdepthn

700,000 70,000 1
70,000 24,000 1
12,000 10,000
1,300 4,500
600 3,700
240 4,700
500 3,600
700 1,200
130 370
80 425

Streptococcus
faecalis
(MPN)

Surface

10,000
11,000
1,300
240
400
450
500
500
240
13

4 to 8
in

depth

4,000
1,200
425
450
450
110
230
220
240
110

of 22.4 per cent. At the two depths, soil moisture never
fell below 19 per cent, nor did it rise above 30 per cent.
As may be seen from figures 1 and 2, there was a big

initial reduction in numbers of both S. tennessee and
coliforms. Thus, at the surface, the numbers of both
genera dropped from an initial number of millions and
several hundred thousand organisms per gram of soil,
to about 100, in 9 days. At depths of 4 in and 8 in this
drop was somewhat smaller: The Salmonella population
dropped from a few hundreds of thousands to several
hundreds, in 16 to 18 days, while for coliforms, a similar
drop occurred in 16 to 21 days. The number of Sal-
monella organisms continued to decrease as long as the
experiment lasted; for coliforms, the graph flattened
out at a figure of thousands or hundreds at the surface
(after 9 days), and ten thousands or thousands at a

TABLE 3. NViinbers of Salmonella tennessee in open storage tank and in the soil

Days after Irrigation

0 1 3 5 8 11 15 17 19 22

Storage tanks: count per ml of sewage.......... 10,000,000 100,000 1,300 450 300 100 30 1 0

Soil: count per gram

Surface.725,000 70,000 550 15 2 0 0 0 0e.......................................000 00 50 0 0 0 0

4 to 8 in depthl ........................ ........ - 30,000 1,300 500 3 ° ° ° ° °

Days
after
Irriga-
t ion

3
5
8

11
15
17
19
22
38

23
14
9
7
6
4
3.8
3.2
3.3
3.1
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depth (after 16 days). Once these figures were reached,
the population appeared to become relatively stable,
decreasing only slowly with time. The experiment
lasted for 74 days.

Salmonella disappeared by the 46th day at the sur-
face, and the 70th day at a depth. Coliforms persisted
throughout the experiment, though by the 64th day
they numbered no more than a few tens per gram of
soil, out of an original number of millions or hundreds
of thousands. For both genera the numbers decreased
more rapidly at the surface, and differences between the
two depths do not appear to be significant.
A study of the survival of S. tennessee, coliforms and

S. faecalis was carried out in uncultivated soil in sum-
mer. Sewage was allowed to stand for a few days in 500-
gallon storage taniks made of galvanized iron sheet. On
the day of the experiment, a suspension of S. tennessee
was added. After mixing, the numbers were as follows:
Salmonella, 107; coliforms, 1.76 X 105; streptococci,
1.6 X 104. The uncultivated plots were then irrigated
with the sewage mixture, samples being taken at
various intervals from the surface and from a depth of
4 to 8 in. The bacterial numbers obtained are given in
table 2.

TABLE 4. The survival of Salmonella tennessee in cultivated plot
(sunflowers) irrigated in summer once with sewage mixed
with Salmonella sutspension and suibsequently with raw

(uninoculated) sewage

Day of Day of
Irriga- Soil Soil Moisture Salmonella tennessee,
tion Sampling Per Cent Count per Gram

(Number (Number (Dry Basis) of Soil
Sewage Used of Days of DaysSince the Since the

Begining Beginning
of the of the 4 to 8 4 to 8
Experi- Experi- Sur- in Surface in
ment) ment) face depth depth

Sewage mixed 0 0 29 26.5 1,500,000 40,000
with Salmo- 1 24 25 1,900,000 4,500
nella suspen- 3 14 24 10,000 750
sion 5 9 22 80 14

7 7 20 5 5

Itw- uninocu-
lated sewage

7

14

7

9
12
14

15
21
23

31
16
9.5
8

23
6.5
4.0

28
29
23.5
20.5

25
19
17.5

120
35
5

0

2

0

6
80

350
105

13
31
20

24 24 32 28 0 10
26 14 25 0 15
28 10.5 19 01 5
30 8.5 19 0 5

31 31 33 30 0 3
37 12 21 0 0

38 38 32 30 0 0
44 13.5 22 0 0

Table 2 shows that Salmonella organisms died rapidly.
In spite of the huge initial count at the surface, no
organisms were found there after 15 days. At a depth of
4 to 8 in, and out of an initial 30,000 organisms per gram
of soil, none remained after 11 days. Coliforms and
streptococci persisted throughout the experiment, which
lasted 38 days.

In summer as in winter, after the number of coliforms
had fallen to a figure of hundreds at the surface and
thousands at a depth, the population of this organism
became relatively stable, decreasing but little with time.
The decrease was similar for streptococci, the corre-
sponding figure for a stable population being hundreds,
both for the surface aind for a depth.

Judging by the rate of disappearance of both genera
from the soil, streptococci do not appear to be prefer-
able to coliforms as indicators of fecal pollution.

In the course of the above experiment, the storage
tanks containing the sewage mixed with the Salmonella
suspension remained exposed in the field. In order to
compare the survival of Salmonella in the open storage-
tanks and in the soil, samples of sewage were taken from
the tanks at various intervals, and the numbers of
Salmonella determined. The results are given in table 3,
together with the concurrent figures for Salmonella in
the soil, reproduced from table 2.

It may be seen that S. tennessee survived in the stor-
age tanks longer than in the soil, disappearing by the
22nd day in the former and the 11th to the 15th day in
the latter.

Figures 1 and 2 and tables 2 anid 3 relate to the
survival of Salmonella in the soil after a single applica-
tion of sewage mixed with Salmonella suspension. In
actual practice, however, it is common to irrigate
every 6 to 8 days. It was therefore decided to determine
the survival time of Salmonella in the soil on repeated
irrigation as follows:
Sewage mixed with Salmonella suspension was ap-

plied in furrows to a sunflower plot. Following this, the
soil was irrigated every 6 to 8 days with raw sewage to
which Salmonella had not been added. The Salmonella
count of the soil was determined at regular intervals.
The results of this experiment, carried out between June
and August 1952, are given in table 4. As may be noted
from table 4, Salmonella disappeared by the 23rd day
at the surface and the 37th day at a depth of 4 to 8 in.
The figures during the first half of the experiment were
obtained when the crop was still low and the soil well
exposed to the sun. It appears that the survival time of
Salmonella in1- a cultivated plot in the summer, lies
between the survival times for summer and winter in
uncultivated plots.

DISCUSSION

The results reported above are in general agreement
with the viability of Salmonella typhosa as observed by
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other authors. In general S. typhosa has been found to
persist in soil less than 100 days. Thus Melick (1917)
showed that S. typhosa survived from 29 to 58 days,
depending on the soil and strain. Sedgwick and Winslow
(1902) found that survival was longer in moist soil than
in dry soil. Kligler (1921) found that in moist soil
Salmonella survived up to 80 days, but that in dry soil
it survived for only 20 days.
The proloniged survival of the Coli-Aerogenes group

in soils is well established (Young and Greenfield, 1923;
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FIG. 4. Relationship betveen Salmonella tennessee and
coliforms surviving in the soil folloN ing sewage irrigation.

Skinner and Murray, 1926; Mallmann and Litsky,
1951) and is also brought out in the results presented
here.

Figure 3 shows the relationship between the MPN of
streptococci and coliforms surviving in soil, and figure
4 shows a corresponding relationship between Sal-
monella and coliforms. The relationship is linear in
both cases. The coefficients of correlationi have beeni
calculated to be positive. For streptococci and coliforms
the coefficient was found to be r = +0.76 with a stand-
ard error of 0.15. The corresponding values for Sal-
monella and coliforms were found to be 0.95 and 0.23.
This shows that in soil following irrigation a decrease
of one genus is closely related with a decrease of the
other two, and, as the coefficient is more than 4 to 5
times the standard error in each case, the coefficient may
certainly be accepted as significant.
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SUMMARY

Unicultivated plots were irrigated in summer with
raw sewage and trickling-filter effluent. The rate of
disappearance of coliforms and streptococci from terra
rossa soil irrigated with raw sewage or trickling-filter
effluent was found to be the same. This suggests that
from the point of view of bacterial survival no advan-
tage is gained by irrigation with trickling-filter effluent
instead of raw sewage.
A study was made of the survival of Salmonella

tennessee and coliforms in soil, during the winter. In soil
irrigated once with sewage to which a Salmonella sus-
penision had been added, there was a big initial reduction
inl numbers of both genera. Salmonella organisms con-
tinued to decrease throughout the experiment, disap-
pearing by the 46th day at the surface of the soil, and
the 70th day at a depth. The coliform population,
however, decreased until it became relatively stable,
showing but little change with time. This condition
was generally obtained at a figure of thousands or
hundreds at the surface, and ten thousandsk' or thou-
sands at a depth.
A study similar to that described above, but iincluding
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Streptococcus faecalis was carried out also in summer.
Salmonella organisms disappeared from the surface of
the soil by the 15th day, and from a depth by the 11th
day. Coliforms and streptococci persisted throughout
the experiment which lasted 38 days. Judging by the
rate of disappearance of both genera, it seems likely
that streptococci are not to be preferred to coliforms as
indicators of fecal pollution of the soil.
A suspension of Salmonella tennessee was added to

raw sewage kept in open storage tanks in the field. A
portion of the mixture was applied to uncultivated
plots, the rest remaining in the tanks. Salmonella
tennessee survived in the storage tanks longer than in the
soil, disappearing by the 22nd day in the former and the
11th to the 15th day in the latter.
A study of the survival of Salmonella tennessee was

carried out in summer in the soil of a growing sun-
flower crop under sewage irrigation. This pathogen
disappeared by the 23rd day at the surface and the
37th day at a depth, that is, between the corresponding
summer and winter survival times for uncultivated
plots.
There is a straight-line relationship between the

decrease in numbers of Salmonella, coliforms, and strep-
tococci. The coefficients of correlation have been
found to be positive and significant.
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