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ABSTRACT

An investigation was conducted to estimate qualitatively and

quantitatively the content of bacteriophage in wastewater before and

after tertiary treatment through Tucson's pilot filter. Preliminary

studies on methods to eliminate or reduce bacteria in wastewater, prior

to assaying for bacteriophage, included membrane filtration and cen-

trifugation. Membrane filtration was superior to centrifugation but

serum pretreatment was necessary to eliminate loss of bacteriophage by

adsorption.

Five enteric bacteria, including Escherichia coli, Aerobacter

cloacae, Proteus vulgaris, Pseudomonas aeruginosa, and Salmonella para-

typhi, were isolated from pilot filter influent and subsequently used

to assay wastewater filtrates for bacteriophage. The concentration of

bacteriophage capable of causing lysis of these bacteria was determined

by using a modification of the most probable number method customarily

used to estimate coliforms. The concentrations of all five bacterio-

phages were found to be reduced after tertiary treatment through the

pilot filter.

A modification of the bacteriophage assay procedure was inves-

tigated in an effort to concentrate bacteriophages present in waste-

water using an aluminum hydroxide adsorption method recently devised to

adsorb human enteroviruses. This procedure yielded good recovery of

vi
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bacteriophage and with slight modification might be used for direct

plaque enumeration of bacteriophages in water rather than the indirect

most probable number method used in this study.



INTRODUCT ION

Water shortage is rapidly becoming an acute national and world

problem. Increased population and expanded industry have rendered

present resources and methods of reclamation inadequate. Despite new

desalination plants, reservoirs, and dams, water research has lagged

far behind in the race to meet expanding demand. Only in recent years

have large-scale private and federal water research programs been in-

augurated.

There are now several reclamation projects under way to study

the feasibility of recycling water for human use. Studies in Pomona

and Santee, California, have greatly increased the possibility of em-

ploying reclaimed water as a principal source of water supply (1). An

obvious problem with reclaimed water is the reduction of human patho-

gens to a safe level. Of prime importance is the removal of bacteria

and viruses.

Although many pathogenic bacteria are present in polluted

waters, very few attempts have been made to assess the bacteriological

quality of such water by deteLuLining the concentration of specific path-

ogens. Instead, indicator organisms such as the colifoLut group are used

to determine the bacteriological quality of the water. Unfortunately,

these bacteriological indicators tell us very little about the virologi-

cal safety of the water. For detecting viruses in water suspected of

pollution, Melnick et al. (2) have shown the usefulness of the gauze

1
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pad technique. This procedure has provided valuable qualitative infor-

mation on the occurrence of virus in wastewater. However, these viro-

logical techniques have not been developed to the point that virus

enumeration can be recommended for routine procedures in the microbio-

logical examination of water. Therefore, since practical routine viro-

logical assays as well as methods of detecting specific bacterial

pathogens are still in the research stage, it is logical to look for

new and better indicators of microbial contamination of water, One of

the possibilities under consideration is the use of bacteriophage.

Studies to uncover the significance of bacteriophage in sewage

were done as early as 1925 when Arnold (3) postulated that bacterio-

phage may be important in natural purification of water. He believed

that bacteriophage attacking and lysing bacteria could significantly

reduce the numbers of bacteria. However, later investigations con-

ducted by Ware and Mellon in 1956 (4) and also by Pretorious in 1962

(5) showed no relationship between the action of bacteriophage and the

reduction of coliforms during sewage treatment. Both of the latter

studies attempted to quantitate coliphage and test Escherichia coli

bacteriophage sensitivity at different points in sewage treatment

plants. They found that there were actually more bacteriophage sensi-

tive organisms in effluent sewage than in influent. In addition, Ware

and Mellon (4) showed that when they added susceptible organisms the

numbers of bacteriophage were not altered.

In recent years, there has been new interest in the use of bac-

teriophage concentration as a possible index of viral and bacterial
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pollution. It has been found that some animal viruses are more resist-

ant to environmental changes than normal indicator bacteria and that

bacteriophage can be more resistant than such viruses. Gilcreas and

Kelly (6) found that in both sewage and wastewater, Coxsackie Bi virus

survived longer than E. coli when stored at 8 to 10 C. By the third

week E. coli had dropped to 1%, of the original number, while the animal

virus survived unchanged for at least four months. E. coli was also

found to be less resistant to chlorination than Coxsackie Bl virus.

Several investigations have shown that bacteriophage are more

resistant to environmental changes than human viruses. By allowing

Coxsackie Bl virus and coliphage to percolate through 36 inches of gar-

den soil, Gilcreas and Kelly (6) found that the animal virus was re-

duced by 507. while the coliphage was reduced only 227,. Coetzee (7) has

demonstrated bacteriophage resistance to natural destruction by sam-

pling river water at different points downstream from the source of

pollution. He showed bacteriophage survival at downstream sampling

points where no human pathogens were present. Therefore, it seems that

fluctuations in bacteriophage levels could give an indication of the

level of pollution with a reasonable margin of safety. Ideally, direct

correlations might be drawn between concentrations of specific bacter-

iophage and quantities of virus and bacteria even when these pollutants

themselves are undetectable.

In actual experiments using coliphage as a pollution indicator,

the bacteriophage content of well water was found to be much higher in

the summer than in winter, increased after periods of rain, and was

higher in wells liable to contamination by surface water (8).
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Gildermeister and Watenabe (9) examined water suspected of pollution

for bacteriophage of typhoid, paratyphoid, and coliforms. The bacter-

iophage content of such waters correlated directly with the degree of

pollution. Coetzee (7), using bacteriophages, found strong circumstan-

tial evidence that a well, situated next to a stream that was known to

contain Salmonella typhi bacteriophage in the well water, had originally

contained Salmonella typhi, More recently, Coetzee (7) seeded non-

indigenous bacteriophage into sewage as a means of studying subsequent

purification of the water. His studies with seeded polio virus and

Serratia marcesens bacteriophage showed that this bacteriophage was

more resistant to adverse environmental conditions than human viruses;

yet it did not replicate in sewage due to the lack of the normal host

bacteria. Thus, the presence or absence of this bacteriophage in

treated water could be used as an indicator for the presence or absence

of polio virus with a sufficient safety margin.



STATEMENT OF THE PROBLEM

An increasing demand for water in the face of a diminishing

supply has created a rapidly mounting problem. Due to this shortage of

water, a collaborative project involving the City of Tucson, in con-

junction with The University of Arizona and the United States Public

Health Service, has been undertaken to study water reclamation for

recreational facilities.

The actual reclamation consists of filtering secondarily

treated effluent (activated sludge) through a pilot filter. The filter

consists of six one-half acre basins filled with natural alluvial soil

and surfaced with nine inches of graded gravel. The water is pumped

onto the surface basins of the filter and allowed to flow by gravity

both vertically and horizontally. It subsequently emerges as pilot

filter effluent and is pumped into four adjacent fish ponds.

The Department of Microbiology and Medical Technology of The

University of Arizona has been involved with testing the pilot filter's

effectiveness in removing microorganisms. It was noticed during these

studies that several cultures of bacteria isolated from pilot filter

effluent exhibited degeneration and destruction, strongly suggesting

the action of bacteriophage. No such phenomenon was noted in bacteria

isolated from pilot filter influent, suggesting a possible increase in

bacteriophage during filtration.

This study was undertaken to test quantitatively the concentra-

tion of bacteriophage in such wastewater, The initial approach was to

5
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test the pilot filter influent and effluent for bacteriophage capable

of attacking various types of enteric bacteria isolated from sewage.

Quantitative assays of even very small numbers of bacteriophage was

possible using a modification of a technique normally used for counting

coliforms. Other aspects of the study included a preliminary investi-

gation of the effectiveness of an aluminum hydroxide adsorption proce-

dure adapted from a recent technique used to concentrate human viruses

from water samples.



MATERIALS AND METHODS

Isolation of Bacteria and Bacteriopha5e

Five genera of bacteria were chosen as test organisms: Es-

cherichia, Aerobacter, Proteus, Salmonella, and Pseudomonas. All five

organisms were isolated from pilot filter influent (PF1). Eosin

methylene blue agar was employed for the primary isolation of Escher-

ichia coil, Aerobacter cioacae, Pseudomonas aeruginosa, and Proteus

vulgaris, Salmonella-Shigella agar was used for the primary isolation

of Salmonella ratyphi. Colony types typical of the five genera were

then picked and screened, using Kligler's double sugar iron agar. The

isolates were finally identified as to species, using appropriate bio-

chemical tests.

Several isolates of each genus were made and subsequently tested

for bacteriophage susceptibility. Each isolate was grown in 300 ml of

trypicase soy broth at 37 C for 3 to 4 hours, Ten ml of PFI which had

been membrane-filtered to remove indigenous bacteria was then added and

this combination was allowed to incubate 24 hours. At the end of this

incubation period, the culture was filtered through a HA 0.45 u Mliii-

pore membrane, and the filtrate was tested for bacteriophage specific

for the appropriate test bacteria,

The filtrates were tested for the presence of lytic bacterio-

phage by spotting several ioopfuis onto a tryptic soy agar plate freshly

spread with a young actively growing test organism. Ideally, if bacter-

iophage capable of lysing the test bacteria were present in the 10-mi

7
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sample of PFI, they would selectively propagate and appear in high con-

centration in the culture filtrates. Subsequently, these bacteriophage

would cause an area of lysis in a confluent lawn of bacteria.

Using this method, several bacteriophage-sensitive bacteria

from each genus were selected. Finally, one represtative bacterium

from each genus was chosen to be used in the following study, and bac-

teriophage stocks with high titers were prepared from them.

Collection of Samples

Figure 1 illustrates the principal features of the Tucson Sew-

age Treatment Plant where samples were taken, The plant consists of

trickling filter and activated sludge facilities which may operate si-

multaneously. During the duration of this experiment, only activated

sludge effluent was being used to fill the irrigation ditch channeling

water to the pilot filter. Such water entered the basins of the pilot

filter and flowed by gravity 20 feet and 20 to 250 feet vertically

through gravel and alluvial soil.

Grab samples for our experiments were taken at 8:00 a.m, prior

to the daily filling of the basins. A lOO-ml sample of PFI from basin

three and a 100-mi sample of pilot filter effluent (PFE) were collected

and sealed in sterile wide-mouth bottles. These samples were stored in

ice while being transported to the laboratory where they were processed

immediately.

Processing of Samples

One preliminary run was made to see if bacteriophage could be

detected in PFI and PFE samples without treatment to remove indigenous
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bacteria or after reduction of bacteria by centrifugation at 20,000 rpm

for 20 minutes in an International centrifuge, model UV, using a number

240 head. The results of this study showed that such bacteria had to

be removed before bacteriophage could be detected and that centrifuga-

tion was unsatisfactory for this purpose. Membrane filtration of sam-

ples provided a method for removing organisms other than bacteriophages

and animal viruses. However, since animal viruses adsorb to membranes

(11), it was deemed advisable to determine whether bacteriophage was

similarly adsorbed. For this purpose 47 mm HA 0.45 u Millipore mem-

branes were employed with or without pretreatment with serum. Serum

treatment consisted of passing 5.0 ml of serum through the membranes

prior to use,

In these experiments 100 ml of bacteria-free FF1 was seeded

with known coliphage. One ml of this suspension was immediately re-

moved and diluted to an end point to determine the bacteriophage con-

centration. The remaining 99 ml was divided into two portions, One

half was passed through a serum-treated 47 mm HA 0.45 u membrane filter

under negative pressure, while the other half was similarly filtered

through an untreated membrane. One ml of filtrate from each was seri-

ally diluted and likewise tested for bacteriophage concentration, In

view of the results of these experiments, all subsequent samples were

processed by filtration through serum-treated membranes.

Quantification of Bacteriophage

After filtration through serum-treated membranes to remove bac-

teria, FF1 and PFE samples were tested for the presence of bacteriophage
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capable of lysing each of the five test organisms. Tenfold dilutions

were made in buffered diluent (12). From each of these dilutions 1.0

ml was then transferred to each of five screw cap tubes containing 1.5

ml of young, actively growing 3 to 4 hour trypticase soy broth culture

of one of the test organisms. Ultimately, each individual dilution was

tested in five replicate tubes against each of the five test bacteria.

All tubes were incubated at 37 C for 24 hours and tested for the pres-

ence or absence of bacteriophage. Theoretically, if bacteriophage ca-

pable of lysing the test bacteria was present, they multiplied giving

a high titer in any tube containing at least one such bacteriophage.

Subsequently, a loopful of fluid was removed from each test

tube and applied circularly to a pure lawn of actively growing test

bacteria spread uniformly over a tryptic soy agar plate. These plates

were then incubated at 37 C for 20 ± 4 hours. If bacteriophage capable

of lysing the test organism was present in the tube, lysis developed in

the area of the lawn inoculated.

Estimation of Bacterioge Concentration

The number of positive findings resulting from the multiple-

portion decimal dilution plantings was computed and tabulated in terms

of "the most probable number" (MPN). The highest dilution giving posi-

tives in all five portions and the next two succeeding higher dilutions

were chosen for calculations. An estimation of the number of bacterio-

phage present was determined by consulting a MPN table, listing various

combinations of results. From these tables, the MPN as well as the



upper and lower limits at the 957 confidence level was derived. All

values are described as bacteriophage per ml of the original sample.

Adsorption of Bacteriophage With
Aluminum Hydroxide

It has been well established that human viruses can be adsorbed

and concentrated using Al(OH)3 (13). After completing the major por-

tion of the study, a set of preliminary experiments was perfoLuled to

find out if this technique might be applicable to adsorbing and concen-

trating bacteriophage. The aluminum hydroxide was prepared according

to the method of Wallis and Melnick (13). A four-liter PFE sample was

seeded with known coliphage and 1.0 ml was iiiiniediately removed, deci-

mally diluted, and assayed for its bacteriophage concentration. Then,

40 ml of Al(OH)3 was added to the remaining sample. The mixture was

stirred for two hours and subsequently passed through a HA 0.22 u

Millipore membrane to collect the Al(OH)3-bacteriophage complex. The

complex was then scraped from the surface of the membrane and ground

with mortar and pestle using 4.0 ml of fetal bovine serum. This suspen-

sion was frozen in a Revco freezer at -60 C until it could be assayed

for bacteriophage.

12



RESULTS

Preliminary Studies

One pilot run was made to detect bacteriophage in samples with-

out removing bacteria or after centrifugation to reduce the number of

microorganisms. The results are of interest, for they serve to support

the need of membrane filtration to process water samples. The main

problem with untreated samples and even those subjected to centrifuga-

tion was the presence of bacteria. The indigenous organisms in such

samples grew simultaneously with the added bacteria. Many times, when

drops of these plantings were applied to lawns of test bacteria, a zone

of lysis was easily observable, However, the contaminants overgrew the

lysed areas. For this reason, all samples were processed through mem-

brane filters to remove such contaminating organisms.

Need for Serum Pretreatment of Membranes

When filtered PEE was seeded with known coliphage and passed

through a HA 0.45 u Millipore membrane, loss of bacteriophage titer was

observed. In Table 1 the results of five seeding experiments are pre-

sented in which PEE was seeded with coliphage. When these suspensions

were passed through untreated membranes the amount of bacteriophage re-

covered in the filtrates yielded a mean of 28.87 of the concentration

placed in the original suspension.

13



a. Plaque forming units per ml
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Table 1. Recovery of seeded bacteriophage after filtration of water
sample through untreated HA 0.45 ,ii Millipore membrane.

Sample
no.

Phage input
(PFU/ml)a

Phage recovered
(PFU/ml) Recovery

(70)
(x103) (xio3)

1 1.2 0.3 28.3

2 0.8 0.2 27.4

3 2.8 0.9 33,9

4 25.3 6.3 24.9

5 9.4 2.5 29.6
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Similar experiments performed with serum pretreated Millipore

membranes showed a definite decrease in the amount of bacteriophage

lost during filtration. Table 2 lists the outcome of five such exper-

iments performed with seeded PFE, After serum pretreatment of mem-

branes, there was a mean bacteriophage recovery of 82.l7

Quantification of Bacteriophage
in PFE and PFI

Five samples of PFE and PFI were taken at weekly intervals from

February 6, 1968, to March 12, 1968. Each pair of samples was assayed

quantitatively for the presence of bacteriophage capable of lysing the

five indicator bacteria, The results of these experiments are shown in

Tables 3, 4, 5, 6, and 7. The MPN of bacteriophage is tabulated along

with the upper and lower confidence limits at the 957 levl,

These results as summarized in Figure 2 indicate that different

bacteriophage, specific for the indicator bacteria, were consistently

present in PFI. The bacteriophage of A, cloacae repeatedly titered

highest while bacteriophage for S. paratphi and E. coli were usually

next in concentration with similar values, Bacteriophage of P, aeru-

ginosa was somewhat lower, while that of P. ji' was lowest in all

five samples.

After the wastewater had passed through the pilot filter, how-

ever, there was a considerable reduction in the concentration of bac-

teriophage for all indicator organisms. Furthermore, no bacteriophage

was detectable for S. aJ! or P, vulgaris, whereas three out of

five samples were negative for bacteriophage of E. coli and P. aerug-

nosa. Only A. cloacae bacteriophage could be detected consistently
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Table 2. Recovery of seeded bacteriophage after filtration of water
sample through serum treated HA 0.45 Millipore membrane.

S amp 1 e

no.

Phage input
(PFU/ml)a

Phage recovered
(PFIJ/ml) Recovery

(70)
(xlo3) (xlO3)

1 9.4 8.4 89.3

2 1.2 9.4 78.3

3 10.9 7.9 72.5

4 0.2 1.7 81.0

5 4.8 4.3 89.6



Table 3. Number of A. cloacae bacteriophage in pilot filter irifluent

a. Confidence limit at the 957 level

17

and effluent.

Sample
no.

No. of
positive tubes

per total tested

MPN per
1 ml

(x103)

Limita of MPN
Lower

(xlO3)

Upper

(xl03)

Pilot Filter Influent

1 5/5 3/5 1/5 109,0 31.0 253.0

2 5/5 2/5 0/5 4.9 1.7 12.6

3 5/5 4/5 0/5 1300.0 350,0 3020.0

4 5/5 3/5 1/5 109.0 31.0 253.0

5 5/5 3/5 3/5 17.5 4.4 50.3

Pilot Filter Effluent

1 5/5 0/5 0/5 .0023 .0007 .0070

2 5/5 2/5 0/5 .0049 .0017 .0126

3 5/5 3/5 1/5 .1090 .0310 .2530

4 5/5 4/5 3/5 .0278 .0090 .0848

5 5/5 0/5 0/5 .0023 .0007 .0070



Confidence limit at the 957 level

Too small to deteLluine
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Table 4. Number
effluent.

of E. coil bacteriophage in pilot filter influent and

S amp 1 e

no.

No, of
positive tubes

per total tested

MPN per
1 ml

(x103)

Limita of MPN
Lower

(xio3)

Upper

(x103)

Pilot Filter Influent

1 5/5 4/5 0/5 13,0 3.5 30.0

2 5/5 1/5 0/5 3.3 1.1 9.3

3 5/5 4/5 0/5 79.0 25.0 187.0

4 5/5 4/5 1/5 17.2 4.3 48.0

5 5/5 3/5 2/5 14.1 3.7 34.3

Pilot Filter Effluent

1 0/5 0/5 0/5 TSTDb

2 0/5 0/5 0/5 TSTD

3 5/5 3/5 0/5 .0079 .0025 .0187

4 5/5 1/5 1/5 .0046 .0016 .0120

5 0/5 0/5 0/5 TSTD



a, Confidence limit at the 957 level

b. Too small to deteLluine

19

Table 5. Number of P. vulgaris bacteriophage in pilot filter influent
and effluent.

No,Sample
positiveno.

per total

of

tubes
tested

MPN per
1 ml

(xio3)

Limita of MPN
Lower

(x103)

Upper

(xlo3)

Pilot Filter Influent

1 5/5 4/5 0/5 7.90 2,50 18.70

2 5/5 0/5 0/5 0.23 0.07 0.70

3 5/5 2/5 0/5 0.05 0.02 0.13

4 5/5 3/5 0/5 0,79 0,25 1,87

5 5/5 1/5 0/5 0.03 0.01 0.10

Pilot Filter Effluent

1 0/5 0/5 0/5 TSTDb

2 0/5 0/5 0/5 TSTD

3 0/5 0/5 0/5 TSTD

4 0/5 0/5 0/5 TSTD

5 0/5 0/5 0/5 TSTD



Confidence limit at the 957 level

Too small to deteLLuine

20

Table 6. Number of P.
fluent and effluent.

gina bacteriophage in pilot filter in-

S amp 1 e
no.

No,
positive

per total

of
tubes

tested

NPN per
1 ml

(xl03)

Lirnita of MPN
Lower Upper

(xio3) (x103)

Pilot Filter Influent

1 5/5 4/5 0/5 13.0 3.5 30.2

2 5/5 1/5 0/5 3.3 1.1 9.3

3 5/5 0/5 1/5 31,0 11.0 89.0

4 5/5 0/5 0/5 2,3 0.7 7.0

5 5/5 1/5 1/5 4,6 0.6 12.0

Pilot Filter Effluent

1 5/5 3/5 0/5 .0079 .0025 .0187

2 0/5 0/5 0/5 TSTDb

3 5/5 4/5 0/5 .0130 .0035 .3020

4 0/5 0/5 0/5 TSTD

5 0/5 0/5 0/5 TSTD
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Table 7. Number of S. paratyj2hi bacteriophage in pilot filter influent
and effluent,

No, of
Sample

positive tubes
no.

per total tested

NPN per
1 ml

(x103)

Limit of MEN
Lower

(xlO3)

Upper

(x103)

Pilot Filter Influent

2.3 0.7 7.01 5/5 0/5 0/5

2 5/5 1/5 0/5 3,3 1.1 9.3

3 5/5 3/5 0/5 79.0 25.0 187.0

4 5/5 3/5 2/5 14.1 3.7 34.3

5 5/5 4/5 1/5 17.2 4.3 48.6

Pilot Filter Effluent

TSTDb
1 0/5 0/5 0/5

2 0/5 0/5 0/5 TSTD

3 0/5 0/5 0/5 TSTD

4 0/5 0/5 0/5 TSTD

5 0/5 0/5 0/5 TSTD

a. Confidence limit at the 957

b. Too small to determine

level
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(all, five samples) in the effluent but at quite reduced levels, This

bacteriophage was reduced by an average of 997g. All other bacterio-

phages tested were reduced by 997 or to levels undetectable by the

technique employed.

Adsorption of Bacteriophage by
Aluminum Hydroxide

Coliphage suspensions of known titer were seeded into PFE sam-

ples and subsequent recovery was determined using the A1(OH)3 adsorp-

tion procedure, The results in Table 8 point out the excellent recovery

of known E, coli bacteriophage from seeded PFEO The percentages are

close to or exceed lOO7. Values exceeding lOO7 can be explained on the

basis that bacteriophage clumps are dissociated during the recovery

procedures.
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Table 8. Recovery of seeded E, coil bacteriophage using aluminum
hydroxide adsorption procedure.

Sample
no.

Phage input
(PFU/ml)a

(xlo3)

a0 Plaque forming units per ml

Phage recovered
(PFIJ/rnl)

(xio3)

1 14.8 14.1

2 2.2 2.1

3 31.0 33.0

4 9.4 10.9

5 0.1 0.2

Recovery

(7,)

95.2

95.9

103.2

116.0

100.8
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DISCUSSION

All of the bacteriophage under consideration in this study were

greatly reduced by the action of the tertiary treatment pilot filter.

During filtration, these bacteriophages are subjected to physical ad-

sorption to the filter components, Furthermore, changes in temperature,

pH, and chemical composition of the water all tend to destroy bacterio-

phage, Initially, it was thought that multiplication of bacteriophage

during passage through the filter could take place since host bacterial

cells were present. However, the results of this study indicate clearly

that there is a decrease of bacteriophage with tertiary filtration.

Mendiola (14) found a corresponding reduction in bacteria after pilot

filtration. His results indicate that bacteria may be reduced as much

as 997 during the passage of sewage effluents through the pilot filter.

Likewise, Moore (15) reported a marked destruction of human viruses in

wastewater after similar treatment.

Preliminary studies substantiated the use of serum pretreated

Millipore membranes for filtration of water samples when indigenous

bacteria had to be removed, Such treatment greatly increased the num-

ber of bacteriophage recovered from sample filtrates. Cliver (ii) has

likewise shown that loss of enterovirus can be reduced by treatment of

membrane filters with serum, Hoff and Jakubowski (16) have demon-

strated excellent recovery of bacteriophage after membrane filtration

when l7 peptone sea water solution was used as a suspension medium.
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Both serum and l7 peptone coat the membrane surfaces preventing the ad-

sorption of bacteriophage.

For the estimation of bacteriophage, one of two standard tech-

niques is normally used, Decimal dilutions of the virus can be made

up to the end point of the concentration to provide the order of mag.-

nitude. Another method, analogous to colony counting of bacteria, makes

possible precise enumeration of bacteriophage plaques. The relationship

between plaques and the number of bacteriophage used for inoculation has

been reported to be linear (17). Unfortunately, the plaque assay is not

capable of detecting small numbers of bacteriophage as is often neces-

sary when working with purification system influent and effluent,

The methods for detecting small amounts of infective material in

large volumes of fluid have been investigated thoroughly in the area of

water supply and pollution control, The well-established methods for

estimating coliform bacteria in water and wastewater make possible the

enumeration of the most probable number of bacteria at levels as low as

two organisms per 100 ml of sample (12). The most probable number method

has also been applied to animal virus titration in tissue culture and has

been found to be more precise than LD50 (18), but MPN has only recently

been applied to counts of bacteriophage. Hoff arid Jakubowsky (19) com-

pared MPN to the plaque assay and found that MPN could estimate bacter-

lophage at levels 100- to 1000-fold lower than the plaque method,

Therefore, the MPN method proved to be very effective in our study where

it was necessary to measure effluents containing low numbers of bacter-

iophage. Since this technique employs test tubes rather than petri
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plate cultures, it is much faster and easier to prepare many replicate

plantings for a number of different organisms.

If bacteriophage show more resistance to environmental condi-

tions such as sunlight., osmotic pressure, and temperature than animal

viruses, it should be possible to use bacteriophage to study the fate

of viruses. The effectiveness of a purification system with regard to

viruses could be studied by seeding the water to be treated with known

bacteriophage. The effluent could then be easily tested for the pres-

ence of bacteriophage, whereas detection of animal virus would require

special costly procedures involving tissue cultures and long periods of

time.

Bacteriophage indicators present in purification plant effluent

might be concentrated simultaneously with viruses by using Al(OH)3.

This would make possible concurrent studies and correlations. Also,

since bacteriophage may be concentrated, the standard plaque technique

could be used for enumeration of bacteriophage instead of the MPN

method. Hopefully, such investigations will reveal bacteriophage in-

dicators for specific pathogens.
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