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ABSTRACT

An investigation into the survival and recovery of

Salmonella and Shiella in Tucson's wastewaters was con-

ducted as one aspect of a program dealing with the use of a

pilot soil fitter to reclaim water from secondary treated

sewage. Only a rare Salmonella and no Shigella were de-

tected in the sewage or activated sludge effluents. When

Salmonella typhimurium was added to wastewaters, recovery

was dependent on the number of indigenous organisms.

Salmonella yphLurium could not be recovered from sewage

when the ratio of added Salmonella to indigenous organisms

was 1:500,000 per ml. When the ratio was 1:50,000 per ml,

Salmonella typhimuriurn was recoverable.

When the indigenous organisms were removed by

membrane filtration or reduced by high-speed centrifuga-

tion, added Salmonella typhimurium or Shigella flexneri

not only survived but increased 2 to 5 logs in 24 hours.
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INTP.CDUCT ION

The fact that sewage is a reservoir for pathogenic

members of the family Enterobacteriaceae has been docu-

mented by numerous reports during the last several decades.

However, the recovery of Salmonella and Shigella, pathogens

of prime importance in this family, from sewage or sewage

polluted waters is not a foregone conclusion. McKinney,

Langley, and Tomlinson in a survey of Boston sewage in 1958

reported finding no Salmonella or SF1la (1). Dunlop,

Twedt, and Wang reported finding Salmonella in polluted

irrigation water but not without difficulty (2), while Wang,

DunLop, and Munson reported finding no Shigella in numerous

samples of sewage polluted irrigation water (3). Brezenski,

Russomano, and DeFalco reported the same negative findings

in a similar study in New Jersey (4). A successful isola-

tion apparently is dependent upon many factors, some uncon-

trollable, such as the population incidence rate and

composition of the sewage.

One of the first factors to be considered in the

composition of sewage would be the extreme heterogeneity

of the bacteria population. McKinney et al, reported in a

study that one of the factors which greatly affected the

survival of Salmonella in wastewater was the

1
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initial population of bacteria in the water (I). In a

material which contains large numbers of organisms, genera

heterogeneity does not enhance the isolation or recovery

of those organisms which are not one of the predominant

species. Salmonella and Shiella are rarely, if ever,

predominating in sewage.

A second factor of great importance would be the

presence of substances antagonistic to the survival of the

organisms. Industrial wastes, solvents, soaps, fats and

detergents are deleterious to the bacterial population and

some of the organisms present may produce substances that

are toxic to other organisms. Levine and Tanimoto (5) and

Fredericq and Levine (6) reported that, in broth culture,

some gram negative bacilli produce substances that are

antagonistic to other gram negative bacilli added to the

broth culture. A study by Gispen and Gan in Holland (7)

indicated that substances were present in sewage polluted

river water that were antagonistic toward Shigella,

A third factor to be considered would be the pres-

ence of bacteriophage. It is a microbiological fact that

sewage is a reservoir and ready source for obtaining phage

for many bacteria species. However, the effect that these

phages have on the survival of organisms in sewage is

questionable. Gispen and Gan (7) reported in their study

that Shiella in river water were actually reduced by the

ShieL1a phage, but Ware and Mellon (8) reported in a study
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that coliforms, members of the same family as Shigella,

were not affected by the presence of coliphages.

In addition to the influences already mentioned,

the water dilution factor makes it difficult to accumulate

large numbers of Salmonella and Shie in a specimen.

Such an effect could have a major influence on the isola-

tion of organisms as will be shown by the results of the

investigation being reported in this paper.

It is difficult to assess the effect that any

single factor may have on the survival and recovery of

Salmonella and ShieL1a in waste water. Each factor

probably contributes to the interferences, but the contri-

bution will vary with the region and time.

Regardless of the less than optimum conditions and

interferences, Salmonella and ella do survive in sewage.

This fact has been well documented in the literature,

There are numerous reports of investigations showing that

intestinal infections have been transmitted by sewage. In

some instances, such as the one reported by Greenberg,

Wickenden, and Lee the sewage system was used effectively

to trace a carrier (9).

Techniques used in a study of this type will vary

with the investigator and organisms being sought. There

are almost as many different methods and media available as

there are investigators to use them. The techniques and
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media therefore will depend on personal choice and experi-.

ence The collection of samples usually revolves around

two techniques: Grab and gauze pad samples. With the grab

method the sample is collected directly into a sterile con-

tainer and transported to the laboratory; the gauze pad

method consists of suspending the gauze pad directly into

the wastewater at the sampling point then collecting the

pad several hours or days later, The grab sample has

proven successful through the years and especially if used

with the membrane filter concentration method described by

Dunlop, Twedt, and Wang (10), by Seligmann and Reitler (ii),

and by Cody and Tischer (12). The gauze pad method first

described by Moore (13), currently is the most widely

accepted and apparently the most successful.



STATEMENT OF THE PROBLEM

The present study of Salmonella arid Shigella in

wastewater was prompted by a project investigating the

feasibility of reclaiming water from Tucson's domestic sew-

age. This project involves the city of Tucson, the Federal

Water Pollution Control Administration, the Local and state

health departments and the University of Arizona. The

principle feature of the project is a pilot filter which

has been constructed at the sewage treatment plant north-

west of Tucson. The filter system consists of a trapazoidal

excavation with surface dimensions of 600 x 350 feet; the

depth is 20 feet. The excavation was divided into six

basins, each one-half acre in size. A plastic lining was

placed in the basins to make the hole water tight, then

natural alluvial soil was poured into the basins on top of

the plastic. The last nine inches of the basins at the

surface was decked with ]) inch size graded gravel. Second-

ary sewage effluent, which is activated sludge, is pumped

onto the surface of the basins, permitted to flow vertically

and horizontally by gravity and collected in a concrete

trough. The pilot filter effluent, which is reclaimed

water, is then pumped into a series of four fish ponds.

5
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Various chemical, bacteriological, and virological

studies are being carried out on this tertiary treated

water to determine the effectiveness of the filtration

system. The present report deals with a single parameter

within the bacteriological program - the survival and re-

covery of Salmonella and Shigella.

The investigation was divided into three phases.

The first phase was a planned survey of the numbers and

types of Salmone1a and Shigella present in the sewage and

activated sludge effluent and whether such organisms pene-

trated the pilot fiLter and appeared in the effluent. This

phase was scheduled originally to be the only objective of

this study. However, a failure to recover Salmonella in

any significant quantity prompted us to establish other

phases. The second phase involved the addition of

Salmonella typhimurium to the three types of wastewater

with subsequent recovery attempts. The purpose of this

phase was to establish standards of recoverability for each

type of water. The third phase was similar to the second

except that the indigenous organisms were removed from the

wastewaters by membrane filtration prior to adding the S.

typhimurium. This procedure permitted the detection of

possible bacterial-free filterable substances which might

interfere with the recovery of the added Salmonella. Two
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variations were used in the third phase: In one variation,

high speed centrifugation (15,000 rpm for 30 and 60 minutes)

was used in place of the membrane filtration to remove the

indigenous organisms and in the other variation, Shigella

flexneri was substituted for S. phimurium.

It should be noted that S. typhimurium was used in

this study because it is the most frequently recovered

Salmonella serotype in this country and the Shigella flex-

neri was used because it responds more readily to adverse

conditions.



MATERIALS AND METHODS

Frimary Isolation of Salmonella or Shigella from Wastewaters

Samples for the primary isolation of Salmonella and

were collected from the three types of wastewater.

This included sewage (s), pilot filter influent (FF1), and

pilot filter effluent (FFE). Eight grab samples and four

gauze pads were collected from each type. The grab samples

were collected by either submerging a sterile, wide mouth

bottle beneath the surface of the water or holding the

bottle beneath the outfall cascade of the collecting trough.

The grab samples were processed within one hour after col-

lection; the gauze pads which had been left suspended in

the wastewaters for seven days were processed immediately

upon collection by placing them directly into an enrichment

broth.

Because of the suspended solids, the grab samples

of sewage and pilot filter influent were centrifuged for

10 minutes at 2,500 rpm. The supernatant fluid was then

passed through a membrane filter (Millipore HA, 47 I2i 0.45

micron pore size). The sediment from the centrifugation

and the membrane from filtration were incubated together in

a tube containing 25 ml Seleriite enrichment broth. Sim-

ilarly the membrane from the pilot filter effluent was

8
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placed into a tube containing 25 ml Selenite broth0 The

tubes were incubated 18-20 hours at 370 c0 All incubation

temperatures in this investigation were at 370 C unless

otherwise indicated. A subculture was made from the enrich-

ment broth to three agar plates: MacConkey's, Salmonella-

Shigella (ss), and Eosin Methylene Blue (EMB). A swab was

used to transfer some of the enrichment broth to a small

area on each plate, the inoculum was streaked by standard

procedure to enhance the isolation and the plates were incu-

bated 24 hours. After incubation the plates were carefully

examined and suspicious colonies were transferred to 1 ml

Tryptic Soy Broth (TSB). A suspicious colony means a colony

which was punctiform to medium in size, clear to opaque,

convex and entire; on SS agar plates this included colonies

with black centers. The number of colonies selected from

each plate varied. If 10 or less suspicious colonies were

observed, all were picked and examined. If more than 10

suspicious colonies were observed, 25% to 75% of the col-

onies were collected. There is no set rule for selection of

colonies in an examination of this type; an investigator

establishes certain patterns and "rules of thumb" based on

past experiences.

The inoculated tubes of TSB were incubated 2-5 hours

then subcultured to Kligler's Iron Agar (KIA) and urea agar

slants. The urea agar slants were read after four hours

incubation; positive slants, indicating urease production,
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were discarded along with the companion KIA. Those organ-

isms which were negative for urease production and produced

suspicious KIA slants (acid butt, alkaline slant, with or

without E2S) were further examined in biochemical and carbo-

hydrate media. This included a motility stab, indoL broth,

lysine decarboxylase broth, Simmon's Citrate agar slant and

glucose, lactose, and saLicin stabs (1% concentration).

Organisms which produced reactions compatible with Salmon-

ella or Shigella were further examined with polyvalent

antisera.

The gauze pads, measuring 2 x 6 x inches were

removed at the end of seven days and placed directly into

wide mouth bottles containing 200 ml Selenite broth. These

bottles of broth were incubated 18-20 hours then subcultured

to three agar plates as described previously, Subculturing

and identification techniques were the same as listed for

grab samples.

anisms Used in the Recovery Studies

A Sa1rnone1l typhimu (University of Arizona

Stock Culture) and a Shiella flexneri (University of

Arizona Stock Culture) were used in the recovery studies.

Both organisms were acclimated to the Tucson sewage before

use. This acclimation was accomplished by inoculating

large quantities of the organisms into sewage then
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recovering them and reinoculating into fresh sewage, The

recovery methods were the same as those described for grab

samples. The sewage inoculated with the stock strains was

examined for the presence of indigenous Salmonella or

ShjeLla before the stock strains were added, After the

organisms had been serially recovered three times, a single

colony was selected and subcultured to a Tryptic Soy Agar

slant.(TSA), The TSA slant was incubated 24 hours then

held in the refrigerator. All subsequent studies utilizing

these two organisms were performed using progeny one sub-.

culture removed from this original slant, This means that

16-18 hours prior to an experiment, a subculture was made

from the original TSA to a new TSA slant. At the end of

16-18 hours incubation the organisms were harvested from

the slant with 3-4 ml of 0.85% sterile saline and used

within 15 minutes.

Survival of Salmonella Added to Unfiltered Wastewater

In this phase, 100 ml of fresh sewage, pilot filter

influent, and pilot filter effluent were placed into sterile

500 ml flasks. Suspensions of freshly harvested S. typhi-

murium were added to the waste material in quantities cal-

culateci to give certain Concentrations of Salmonella per

milliliter. The number of Salmonella varied from as few as

12 per ml in the pilot filter effluent to as many as 5
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million per ml in the sewage, The inoculated aliquots were

left standing at room temperature for one hour; every ten

minutes the suspensions were rotated gently by hand for a

few seconds, At the end of one hour contact time, the mate-

rial was centrifuged and filtered as previously described

for the primary isolation studies. The membranes contain-

ing all the organisms in the wastewaters plus the added

Salmonella were placed into Selenite broth, incubated and

then subcultured to agar plates as previously described.

During these recovery studies, two types of con-

trols were performed. One consisted of a thorough examina-

tion for indigenous Salmonella and the other consisted of a

total, aerobic bacteria count. The total count was used to

determine the ratio of added Salmonella to indigenous

bacteria present.

Growth of Added Salmonella in Membrane Sterilized Wastewater

In this phase, sewage, pilot filter influent, and

effluent were passed through the 0.45 micron pore size mem-

brane filters to remove all indigenous bacteria. An

aliquot of the filtered wastewater was removed for steril-

ity check and the remainder placed into sterile screw cap

tubes in predetermined portions to be used as diluents. A

freshly harvested 16 to 18 hours culture of . typhimurium

was diluted serially at tenfold increments with the sterile
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wastewaters to a final concentration of 100 to 200 S.

typhimurium per ml in 10 ml volumes. Duplicate pour plates

were prepared immediately with 0.1 and 1.0 ml portions of

the various dilutions to determine the average bacterial

thoculum used. The inoculated wastewaters were then incu-

bated 24 hours. After incubation, pour plates were pre-

pared in the same manner to determine the extent of sur-

vival or growth of the added Salmonella in the different

types of wastewaters. Comparative controls using physi-

ological saline and tap water as diluents were employed.

A Brunswick Colony Counter was employed for the colony

counts.

Growth of Added Salmonella in 1i.h-S.eed Centrifu.ed ?FE

This phase of the investigation was designed to

determine if membrane filtration affected the recovery of

added . typhimuri. In these experiments pilot filter

effluent was centrifuged at 15,000 rpm for 30 minutes and

in a second set, for 60 minutes; the top half of the super-

natant fluid was removed and placed into sterile tubes.

Pour plates were prepared from duplicate one ml portions of

this supernatant fluid and the remainder was dispensed in

predetermined aliquots to be used as diluent. Since centri-

fugatiorl failed to remove the indigenous organisms com-

pletely, the one ml aliquots taken immediately after centri-

fugation were used to determine the number of indigenous
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Organisms per ml remaining after centrifugation. As with

membrane filtered wastewaters, a freshly harvested 16 to 18

hour culture of . phimurium was diluted serially in ten-

fold increments using the centrifuged wastewater until a

final concentration of 100 to 200 added Salmonella was ob-

tamed in 10 ml volumes. Pour plates were prepared ixnmedi-

ately and again after 24 hours incubation. Colony counts

from the two sets of plates were used as indicators of

growth. or sur viva 1.

Growth of Added Shi ella in Membrane Sterilized Wastewater

In this variation, the exact procedure as described

for Salmonella growth in membrane filtered wastewaters was

used except that Shigella flexneri was substituted for

Salmonella.

Determination of the Isolation Index

Recovery efficacy in this investigation was based

on an isolation index system derived from a study by Wang

(3). This index is obtained by dividing the number

of colonies proved to be Salmonella by the number of sus-

picious colonies examined. The isolation index reported in

this paper is given as a percent rather than the decimal

system used by Wang and associates. An isolation index of

50% would mean for example that if I selected 30 suspicious

colonies for examination, 15 of the colonies were



ascertained to be Salmonella; an isolation index of 17%

would mean that if I selected 20 suspicious colonies for

examination three or four of the colonies proved to be

Salmonella.

15



RESULTS

Primar Isolation of Salmonella or Shiel1a from Wastewaters

A total of 36 samples of wastewaters were examined

for Salmonella or Shigella during the period of the study,

November 23, 1966 through June 27, 1967. The types and

numbers of samples are shown in Table 1.

16

The only positive recovery was obtained from a sew-

age sample taken very early in the program. This positive

recovery was a Salmonella serotype; the organism was acci-

dently destroyed before a serotype could be determined.

Prior to the present study, at least 108 wastewater samples

taken from the Tucson sewage system at the treatment plant,

Table I, Primary Isolation Samples
Salmonella and Shigella

Examined for

Type of
Wastewater

Nber of Samples
Grab Samples Gauze Pad Samples

Sewage 8 4

Pilot Filter Influent 8 4

Pilot Filter Effluent 8 4

Subtotals 24 12



by another investigator were found to be negative for

Salmonella and Shje.1a. (14).

Survival of Salmonella Added to Unfiltered Wastewaters

Results of this phase of the investigation showed

that the recovery of added Salmonella from the wastewaters

was dependent on the number of indigenous organisms present

in the wastewater. When few indigenous organisms were

present, as in the pilot filter effluent, recovery was rela-

tively easy; it became increasingly difficult in pilot

filter influent when larger numbers of indigenous organisms

were present and was very difficult in sewage except when

very large numbers of Salmonella were added.

As shown in table 2, added Salmonella could not be

recovered from sewage when 50 organisms were added per ml

to give a ratio of added Salmonella to indigenous organisms

of 1:500,000. When the ratio was reduced to 1:50,000 by

adding 500 SalmoneLla per ml, the isolation index reached

an acceptable figured of 17%. This means that one of very

six colonies examined was a S. phinturium. It can be seen

that as the number of added Salmonella increased in rela-

tion to the number of indigenous organisms present in sew-

age, the isolation index increased to a maximum of 94%.

The pilot filter influent (activated sludge effluent)

had an isolation index of 16% in the first trial when 188

17



TabLe 2. Recovery of Salmonella typhimurium Added to
Unfiltered Wastewaters

Type of
wastewater

Ratio of added
Number of S typhimuium Isolation
S. typhimurium to indigenous index as
added/mi organisms percerlt*

*The number of colonies which proved to be Salmonella
divided by the number of suspicious colonies examined.
Isolation index is expressed as percent.

18

5,000,000 1:5 94

5,000 1:5,000 25

500 1:50,000 17

50 1:500.000 0

188 1:5,000 16

141 1:15,000 7

123 1:20 86

205 1:164 75

12 1:200 86

21 1:1,640 50

Sewage

Pilot filter

in fluent

Pilot filter

effluent
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Salmonella were added per ml, while in the second experi-

ment, the isolation index dropped to 7% when 141 Salmonella

were added per ml. This decrease in isolation index could

be attributed to a corresponding increase in the nuaber of

indigenous organisms in the second sample as indicated by

the difference in ratios, 1:5,000 to 1:15,000.

The data for the pilot filter effluent samples pre-

sented in the same table indicate that added S. typhimurium

could be recovered without difficulty when as few as 12

Salmonella were added per ml. Such ease of recovery could

be attributed to the reduced number of indigenous organ-

isms present in the effluent samples.

Growth of Added SalmonelLa in Membrane Sterilized Wastewaters

Results as presented in table 3 indicate that when

S. typhimurium was added to sterile filtrates of the three

types of water, the organisms not only survived but also

increased in number during the 24 hour incubation. Since

the organisms were added to the membrane filtered waters

immediately after the indigenous organisms had been removed,

any soluble anti-Salmonella substance would have been able

to act on the organisms. Comparisons of S. typhimurium

growth in the three types of water clearly point out that

sewage and pilot filter effluent were more effective than

the pilot filter influent as a nutrient media source, i.e,

a four Log to two log increase was observed. Comparative



Table 3, Growth of Salmonella typhimurium Added
to Membrane Filtered Wastewaters*

20

Number of Salmonella per ml

Afteç 24 ours
(x10')

*Average count of duplicate plates from each 10 ml quantity
of membrane filtered water sample. Physiological saline and
tap water controls inoculated with equivalent numbers of
Salmonella showed no multiplication of the organism but a
reduction ranging from 16% to 70% for saline and 1% to 96%
for tap water.

Sewage 1 130 30

2 170 400

3 142 300

Pilot filter 1 146 3

in fluent 2 126 3

3 159 0.8

Pilot filter 1 123 30

effluent 2 178 300

3 179 700

Type of Average inoculurn
wastewater Sample added
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saline and tap water control tubes inoculated with equiv-

alent numbers of S. typhirnurium showed no multiplication of

the organisms but a reduction ranging from 16% to 70% for

saline and 1% to 96% for tap water.

Growth of Added Salmonella in Pigh-Speed Centrifuged PFE

Results of this phase of the investigation corre-

late closely with the results obtained from adding S.

typhirnurium to membrane sterilized wastewater When the

indigenous organisms were removed, or in this case, re-

duced, the added Salmonella survived and increased in num-

ber during the 24 hour incubation period. As shown in

table 4, the small number of indigenous organisms remaining

after centrifugation produced an increase in the total num-

ber of organisms after 24 hours incubation. Powever the

presence of these indigenous organisms did not hamper the

propagation of the added Salmonella.

At the time the colony counts were made, I esti-

mated that 15% to 25% of th.e colonies counted on the pour

plates prepared from the PFE centrifuged diluent were

organisms other than the added Salmonella. This estimation

was based solely on morphology and agreed reasonably well

with the actual number of indigenous organisms known to he

in the diluent before the Salmonella was added.



Table 4. Growth of S. typhimurium Added to High-Speed
Centrifuged Pilot Filter Effluent

Total after
24 hours

Type of Indigenous Salmonella Total before incubation
Material remaining added incubation xlO4

P FE

Filtered 0 156 156 2

PFE Centri-
fug ed** 55 138 191. 20

Number of Organisms per ml Diluent

22

*jndjcates Pilot Filter Effluent
**15,000 rpm for 30 minutes
***15,000 rpm for 60 minutes

Growth of Added Shigella in Membrane Sterilized Wastewater

Results of this phase of the investigation, as

presented th Table 5, indicate that Shie11a flexneri

survived and propagated in the pilot filter influent and

effluent when the indigenous organisms were removed from

the wastewaters by membrane filtration, The amount of

propagation for this organism was almost identical to the

increase observed for e1la yphimurium,

?FE
Filtered 0 152 152 4

PFE Centri-
fug ed*** 25 146 171 40



*PFI indicates PiLot Filter Influent
**PFE indicates Pilot Filter Effluent

23

Table 5. Growth of
Membrane

Shigella flexneri Added to
Filtered Wastewaters

Type of
Wastewater

SampLe
Number

Number of Shigella per ml

Average inoculum
Added

After 24 hours
incubation

?FI* 1 100 5

1 100 5

PFI 2 233 39

?FE 2 233 51



DISCUSS ION

Salmonella and Shigella are pathogenic bacteria of

great economical and public health importance to this

country. The organisms are readily, and frequently, trans-

mitted through food and water. Humans are the target host

for these organisms and a constant monitoring program must

be maintained on the food arid water supplied to the public.

Since humans are the primary hosts, they also become the

major reservoirs; as a result municipal sewage systems be-

come large depositories for these organisms, It is espe-

cially important that any food or water which might have

come in contact with sewage be carefully examined for these

pathogens. When a program such as the water reclamation

project in Tucson is designed to reclaim water from sewage,

one of the investigation procedures must include an examina-

tion for Salmonella and Shigella. The investigation being

discussed in this paper was designed to fulfill this require-

ment. The original objective was a survey of the numbers

and types of Salmonella and Shigella in the sewage in

Tucson arid the efficacy of a prototype soil filter in re-

moving these organisms from secondary sewage effluent.

Since Salmonella and lla were not detectable in either

24
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Sewage or secondary effluents, new objectives were formu-

lated to obtain information as to why these pathogens were

not detectable.

Though many instances of lmonella and Shiella

isolations from sewage and sewage polluted waters have been

reported in the literature, only a few of the reports state

the total number of samples examined, the length of the

investigation, or the number of colonies which had to be

examined to obtain positive findings. Such information is

often not necessary in a positive report, but the inclusion

of such information would permit a more meaningful evalua-

tion of data. Moreover, the recovery of Salmonella from

sewage at any one time or place indicates the presence of

Salmonella only for that particular time arid region. The

composition and conditions in sewage are not static and it

should not be assumed that similar conditions exist in the

sewage of that region at a different time or sewage from

other areas.

Results such as those shown in table 2 indicate

that my procedure was relatively sensitive to the recovery

of added Salmonella from Sewage. It appears that the low

recovery rate of indigenous Salmonella during the project

was probably due to a very low concentration of Salmonella

in relation to a high concentration of other indigous organ-

isms in the sewage at the time the investigation was
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conducted. This low concentration of Salmonella could be

attributed to either few organisms entering the system or

failure of the bacteria to survive the trip to the treat-

ment plant. This inability to detect the presence of

Salmonella or Shiella in sewage has been reported by a

number of investigators (1-4). Since our major interest

was in the number of Salmonella and la which survived

the primary and secondary treatment at the plant and

arrived at the pilot filter, I did not examine sew-

age at any point prior to its reaching the treatment plant.
We did note that there was no abnormal numbers of human

cases of either salrnonellosis or shigellosis in the popu-

lace during the period of the investigation.

If sewage contained very few Salmonella or Sha,

the number in activated sludge (pilot filter influent) and

pilot filter effluent would be virtually undetectable since

secondary treatment (activated sludge) reduced the total

bacterial population 94% and tertiary treatment (pilot

filter) produced a further 99% reduction in the total num-

ber of organisms. This would be true if Salmonella and

Shie11a were correspondingly reduced with the total bac-

terial population. Otherwise, any surviving Salmonella

and Shigella might propagate because of the reduced con-

centration of other types of indigenous organisms,
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The second phase of the study showed that Tucson's

sewage prevented recovery of added S. typhimuriurr unless

sufficient numbers were added to obtain a ratio of Salmon-

ella to indigenous organisms of approximately 1:50,000.

Thus, the larger the number of indigenous organisms pres-

ent in the water sample, the larger the number of .

phimurLum needed to permit recovery. This result is

similar to findings reported by Stokes and Osborne (15)

and Dun lop et al (2).

Similarly for the pilot filter thfluent, it was

found that with an indigenous population of 106 organisms

per ml, a recovery index of 16% could be obtained when 188

Salmonella were added to each ml of water. However, in the

next trial, the recovery rate was reduced to 7% when 141

Salmonella were added to each ml of influent containing

2 x 106 organisms per ml. Since the composition of the

pilot filter influent had not changed except in the number

of indigenous organisms present, it seems clear that corn-

petition between the added and indigenous organisms was a

major factor in the interference.

Fluctuations in the total aerobic bacteria noted

during these experiments are not uncommon for either sew-

age or pilot filter influent. Such fluctuations obviously

will affect the recovery of Salmonella from these waters.
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In the third phase of the study, the indigenous

organisms were removed from the three types of wastewater

by membrane filtration. This type of sterilization does

not alter the composition of the material except to remove

solid, undissolved particles greater than 0.45 microns in

size. Some smaller particles are removed during filtration

as the membrane pores become clogged, but this does not

affect the final filtrate to an appreciable extent. If the

inhibitory effects exerted on Salmonella recovery were due

to undissolved particles or filterable agents, the long

term action should either reduce the number of added

Salmonella or eliminate them entirely. The opposite effect

was noted, indicating that the indigenous organisms must be

present in order for the anti-Salmonella effect to occur.

it is interesting to note that membrane filtered

sewage and pilot filter effluent enhanced the growth and

propagation of the added organisms more than the filtrate

from the pilot filter influent (table 3). The very active

metabolism occurring in the sludge treatment process appar-

ently produces by-products that are detrimental to certain

types of organisms. Edwards (16), Kabler (17) and Puchhoft

(18) reported similar findings concerning the effect of

sewage treatment processes on bacteria. These cell-free

inhibitors appear to be labile since they are inactivated

by passage through the pilot filter.
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During this investigation cursory observations were

made as to the effect of pH and bacteriophage on the sur-

vival of Salmonella and Shigella in the system. Apparently

neither affected the isolation, survival or recovery of the

organisms.

The maximum pJ noted at any time in the system was

8.5, a range which is slightly elevated in terms of optimum

recovery, but no difference was detected in survival or

recovery between 7.5 and 8.5.

Since bacteriophage would have passed through the

0.45 micron membrane filter or would have remained in the

supernatant fluid after centrifugation, it appears reason-

able to conclude that bacteriophage were not important

factors in the survival, growth, isolation or recovery of

Salmonella or Shigella in Tucson's wastewaters.

Results of this investigation indicate clearly that

competition between Salmonella or Sigella and other organ-

isms in sewage for nutrients and biological space is the

major factor affecting the survival and recovery of Salmon-

ella or Shigella in the Tucson sewage.

It should be pointed out that if Salmonella and

Shigella survive the primary, secondary, and tertiary treat-

ment processes, the organisms will arrive in an environment

that is complimentary to their survival. However, results

presented in this thesis indicate that the chance of



kone1k or Shje11a surviving the three treatment

processes is highly unlikely, under normal circumstances.

Normal circumstances meaning, in the absence of major out-.

breaks of salmonellosis and shigellosis in the area.
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