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ABSTRACT

Recovery of chlorine injured coliforms inoculated

into potable water containing high numbers of heterotrophic

plate count (HPC) bacteria was enhanced by anaerobic incu-

bation of membrane filter (MF) cultures on m-endo LES agar

rendered non-selective by removal of sodium lauryl sulfate

(SDC) and sodium desoxycholate (SDC). Modification of m-

endo LES resulted in a 1.3 fold increase in recovery of

Klebsiella pneumoniae, Enterobacter aerogenes, and

Enterobacter cloacae. Recovery of injured Escherichia 

cou i and Citrobacter freundii was not significantly en-

hanced. Anaerobic incubation markedly reduced growth of

HPC bacteria on MF and unmasked coliform detection.

ix



INTRODUCTION

Maintaining high bacteriological potable water

quality is critical in preventing the transmission of many

water-borne enteric diseases including cholera, typhoid

fever, salmonellosis, and shigellosis. As early as 1904,

Eijkman devised a simple test for monitoring water quality.

Since then many microorganisms have been used as indica-

tors of potable water quality. At present the coliform

group of bacteria are the most widely accepted indicators.

This group is defined as all Gram-negative non-spore form-

ing rods which ferment lactose with gas production in 48 h

at 35°C and include species within the genera Escherichia,

Citrobacter, Klebsiella, and Enterobacter. Detection of

any coliform in water suggests the possibility of contam-

ination of water with fecal material. The United States

Environmental Protection Agency (EPA) set Drinking Water

Standards in 1975, establishing a maximum of coliform and

no more than 500 heterotrophic plate count (HPC) bacteria

in 100 mt finished water. In order to make water analysis

more uniform, the American Public Health Association

(APHA) began publishing Standard Methods for the Examina-

tion of Water and Wastewater in 1905. Now in its 15th

edition, Standard Methods provides all approved

1
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procedures for drinking water analysis. Two methods are

approved for coliform detection. The most probable number

(MPN) method is based on the number of gas positive lactose

tubes in a series of 5 tubes. The MPN index or number of

coliforms per 100 mt is based on the probability of a given

number of coliforms being able to produce gas in a certain

number of lactose broth tubes. The membrane filtration

(MF) method yields a direct count of the total number of

coliforms present. In this method a known volume of water

is filtered through a 0.45 pm filter which is placed on

m-endo type media. Colonies with a metallic green sheen

are picked and inoculated into lauryl sulfate broth (LSB)

and brilliant green lactose bile broth (BGLBB). Coliforms

are verified as such by gas production in both media.

Sensitivity of the MF technique can vary greatly

due to elevated turbidity, injured coliforms, high numbers

of non-coliform bacteria and membrane filter type. Ele-

vated turbidities occur when suspended matter, such as

clay, silt, plankton, and microorganisms are present in

high concentrations. LeChevallier, Evans and Seidler

(1981) determined that water with turbidities > 5 nephelo-

metric turbidity units masked or decreased the sensitivity

of coliform detection by MF.

Injury to coliforms may be due to the aquatic

environment, chlorination, salinity, and temperature.
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Environmental stresses reduce coliforms' ability to

tolerate and grow on selective media such as m-endo LES

(Bissonnette et al., 1975).

Because water is not the natural habitat of coli-

forms, the aquatic environment itself may induce stress,

injury, and eventually death. E. cou i cells exposed to an

estuarine environment showed varying degrees of stress

depending on exposure time, temperature, and salinity

(Rhodes, Anderson, and Kator, 1983).

Chlorination of water systems sublethally injures

coliforms to various degrees depending on the genus and

species. Geldreich (1966) showed isolates of E. cloacae,

E. aerogenes, and C. freundii to be more resistant to

chlorination and survive longer in water than E. coli.

Injured coliforms recovered on selective MF media may

represent only 107 of the coliforms recovered on non-

selective plate count agar (Maxcy, 1970). In addition,

chlorination of pathogens such as enterotoxigenic E. coli 

strains damages surface adhesions as well as the cell

envelope thus reducing their ability to colonize the

small intestine and initiate disease (Walsh and

Bissonnette, 1983).

High numbers of non-coliform bacteria can also

influence the sensitivity of the MF technique. These

background microorganisms may decrease the number of
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coliforms recovered by the MF technique (Clark, 1980;

Geldreich, Allen and Taylor, 1978). Non-coliform bacteria

have also been shown to have antagonistic effects on var-

ious members of the coliform group. Hutchinson, Weaver

and Scherago (1943) found strains of Pseudomonas.

Actinomyces, Sarcina, Micrococcus, and Flavobacterium to

be antagonistic to E. cou. In addition 22.17 of non-

coliform bacteria isolated from drinking water samples

produced compounds which were inhibitory to coliforms

(Means and Olson, 1981).

Membrane filter type can also affect the MF tech-

nique. Surface pore morphology varies with the brand of

filter used and Tobin and Dutka (1977) found the Milipore

HC and Gelman brand filters to be superior. It is still

uncertain whether or not efficiency of the filters is de-

pendent on having the largest surface pore size or on

brand of the membranes commercially available.

Sodium lauryl sulfate (SLS) and sodium

desoxycholate (SDC), the selective agents incorporated

into m-endo type media inhibit growth of Gram-positive

bacteria that may be present as background bacteria on

MF filters. However these agents are not effective

against growth of Gram-negative non-coliform bacteria

which are predominant in Tucson ground water and distribu-

tion systems. These organisms include species of
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Acinetobacter, Proteus, Pseudomonas, Flavobacterium,

Alcaligenes, and Moraxella. Many can be considered oppor-

tunistic pathogens. LeChevallier, Seidler, and Evans

(1980) found over 307 of bacteria isolated from distribu-

tion water from surface sources to be opportunistic path-

ogens.

The incorporation of selective agents into the

m-endo media presents problems relative to recovery of

injured coliforms. Maxcy (1970) injured E. coui and E.

aerogenes cells with heat, freezing, chlorination, and

sodium chloride. In each case, sublethally injured cells

were most sensitive to bile salts such as SDC. Injured

coliforms are viable cells which if allowed time and prop-

er nutrition can repair their damage, thus allowing them

to be recovered on MF media. The addition of a resusci-

tation step prior to incubation on selective media has

been used with some degree of success. Green, Clausen

and Litsky (1977) devised a two-temperature MF technique

for detection of fecal coliforms. The first incubation

period at 35°C for 5 h was to allow stressed cells to

recover before incubation at 44.5 °C. The higher tempera-

ture may possibly inhibit growth of injured cells. Other

investigations (Rhodes, et al., 1983; Evans, Seidler,

LeChevallier, 1981) have also utilized resuscitation steps

to increase the accuracy of the MF technique. The use of
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specific diluents has also been tested. McFeters, Cameron,

and LeChevallier (1982) found the use of milk, peptone or

peptone-phosphate buffer to be far superior to the use of

water or phosphate buffer as a diluent. Increased re-

covery of injured coliforms held at 25°C prior to filtra-

tion was observed when the former diluents were used. In

addition Evans, et al. (1981) devised a m-LAC broth which

increased the numbers of coliforms detected in untreated

surface water by ten-fold. In general numerous methods

have been tested as alternative to the standard methods

MF technique. In each case less selective media enhanced

coliform detection but also resulted in a less accurate

method.

Sudden increases in SPC non-coliform bacteria may

signal coliform contamination in water. Hudson, Hankins

and Battaglia (1983) found this to be true of water sampled

in a distribution system in Springfield, Ill. Other in-

vestigators (Goshko, et al., 1983) derived similar corre-

lations between SPC and coliform levels in some but not

all systems tested.

This study was initiated in order to evaluate

the use of m-endo LES agar with and without SLS and SDC.

Recovery of chlorine injured as well as healthy environ-

mental coliform isolates was tested on both media. Tucson
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water contains predominantly aerobic Gram-negative

non-coliform bacteria. To reduce the numbers of these

organisms anaerobic incubation of a duplicate set of mem-

brane filters was included in each experiment. Particular

attention was paid to sheen production by the various col-

iform isolates and their ability to grow under anaerobic

conditions. The combination of non-selective media ( n-endo

LES without SLS and SDC) and anaerobic conditions may en-

hance recovery of injured coliforms while reducing back-

ground bacteria. In addition non-coliform bacteria from

membrane filters and SPC plates were isolated and charac-

terized. A coliform survival study was also done to

determine which coliforms remained viable in Tucson ground

water after prolonged storage at 25°C and 4°C.



MATERIALS AND METHODS

Collection of Water Samples 

Water samples were obtained from one of two

distribution sites known to have water with a high density

of non-coliform bacteria. Various University of Arizona

and Tucson wells were also sampled for some experiments.

Most wells tested were continually pumping from approxi-

mately 79 m.

Water samples were collected in sterile 1 2, or 20 k

polypropylene containers containing 100 mg per 1 sodium

thiosulfate (Mallinkrodt, St. Louis, Mo.). Samples were

transported to the laboratory on ice and tested within 2 h

of collection by the MF procedure. Non-coliform bacteria

were enumerated by the heterotrophic plate count (HPC)

technique. Distribution system water was held over night

at room temperature (25°C) and retested for total viable

bacteria before using in any experimental procedure.

Organization and Standardization
of Inocula 

Pure cultures of Klebsiella pneumoniae, Entero-

bacter aerogenes, Enterobacter cloacae, Citrobacter 

freundii, and Escherichia cou, isolated from distribution

8



system water and identified by API 20E (Analytab Products,

Plainview, N.Y.) were maintained on tryptic soy agar (TSA,

Difco, Detroit, Mi.) slants. Inocula were prepared by

suspending the growth from a 6 h slant in 1.0 mi tryptic

soy broth (TSB, Difco). One-tenth mi volumes were inocu-

lated into 25 mi TSB contained in 250 mi erlenmeyer flasks.

Flasks were shaken on a Gyrotory Shaker (New Brunswick Sci.

Co., New Brunswick, N.J.) at 108 revolutions/min. for 18 h

at 35°C. Cultures were appropriately diluted in sterile

0.17 peptone (Difco) and viable plate counts were deter-

mined by the spread plate method after 24 h incubation at

35°C. The above procedure was repeated three times for

each isolate and the mean number of colony forming units

(CFU) per mi for each of the five isolates was calculated.

Growth of Coliforms on m-endo LES 
withandwithout Selective Agents

A 16 k water sample was collected from a Tucson

distribution system previously determined to have a high

(>100 m bacteria/mi) non-coliform bacterial population.

Immediately upon arrival in the laboratory HPC was deter-

mined and duplicate 100 mi volumes of water were filtered

to test for coliforms (Standard Methods). The filters

(Gelman GN-6, 0.45 um, 47 mm dia., Ann Arbor, Ni.) were

placed on m-endo LES agar plates and incubated aerobically

at 35°C for 24 h. The original water sample was held at

9
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25°C for 24 h to allow growth of HPC bacteria. HPC was done

to determine if the water contained the appropriate density

of non-coliform bacteria. The sample was then divided into

2 i volumes in each of five sterile flasks. Each 2 2, sam-

ple was inoculated with approximately 250-500 cells of each

of the five coliform types. Sixteen, 100 mi volumes of

water from each flask were filtered. The 16 filters were

equally distributed to plates of: 1) m-endo LES; 2) m-endo

LES without sodium lauryl sulfate (SLS); 3) m-endo LES

without sodium desoxycholate (SDC); and 4) m-endo LES with-

out SLS and SDC. Half of the plates were incubated an-

aerobically (Gas Pak, BBL, Cockeysville, Md.) and half

were incubated under standard aerobic conditions. All MF

cultures were incubated at 35°C and coliforms were enumer-

ated after 24 h and 48 h. The above experiment was repeat-

ed twice.

All m-endo LES media (selective and non-selective)

was made from the individual chemical components (Table 1).

This was done since the commercially prepared product con-

tains both selective agents.

Detection of Chlorine Injured Coliforms 
on  m-endo LES and m-endo LES without 

SLS and SDC 

Each of the five coliforms were cultivated as de-

scribed, diluted to 3 x 10
2 CFU/mt in 100 mi final volume



11

Table 1. Formulation of m-endo LES agar.

Yeast extract (Difco)  	 1.2g

Trypticase (BBL)  	 3.7g

Thiotone peptone (BBL)	 3.7g

Tryptose (Difco)  	 7.5g

Lactose (Mallinckrodt)  	 9.4g

Dipotassium hydrogen phosphate (Allied)  	 3.3g

Potassium dihydrogen phosphate (Sigma)  	 1.0g

Sodium chloride 	 3.7g

Sodium desoxycholate (Sigma)  	 0.1g

Sodium lauryl sulfate (Sigma)  	 0.05g

Sodium sulfite (MCB)	 1.6g

Basic fuchsin (MCB)  	 0.8g

Agar (Difco) 	  15.0g

Double distilled water  	 1.0k
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of 0.17 phosphate buffered water according to standard

methods (Standard Methods) and 2.3 mi of a dilute (216 ppm)

bleach solution (Chlorox) was added. The suspensions were

shaken for 20 s and 45 s respectively. Chlorine was

neutralized with 1.0 mi of a 207e sodium thiosulfate (Mallin-

krodt) solution. One mi of each of the chlorine treated

suspensions was added to 1 i of potable distribution water.

HPC was determined, eight 100 mi volumes were filtered, and

filters were placed in quadruplicate on m-endo LES and m-

endo LES without SLS and SDC. Half the MF cultures were

incubated anaerobically and half were incubated aerobically.

Coliforms were enumerated after 24 h and 48 h incubation at

35°C. TSA spread plates were done before and after chlori-

nation to determine the number of viable cells. Experi-

ments were also duplicated using sterile phosphate buffered

water instead of the distribution system water.

The percentage of cells killed by chlorination was

determined by the ratio of viable plate counts on TSA after

chlorination to those before chlorination. The ratio of

cells/mi recovered on m-endo LES to those on TSA after

chlorination defined the percentage of injured cells among

survivors.
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Incorporation of Brilliant Green 
Dye in m-endo LES Agar 

Brilliant green dye (BG, Sigma, St. Louis, Mo.) was

incorporated into m-endo LES and m-endo LES without SLS and

SDC in concentrations of 0.0266 g/i and 0.00266 g/i to re-

duce non-coliform bacterial growth.

Each of three 1200 mi distribution water samples

known to have high background bacterial counts were inocu-

lated with 400 cells/100 mi of each of the following coli-

forms: E. coli, E. aerogenes, and C. freundii. Twelve 100

mi volumes of each sample were filtered and filters were

placed in duplicate on the following media: 1) m-endo LES,

2) m-endo LES plus 0.0266 g/i BC and 3) m-endo LES plus

0.00266 g/i BG. MF cultures were incubated 24 h at 35°C

under aerobic conditions.

Identification of Non-Coliform
Bacteria Present on m-endo 

LES Agar 

One liter of potable distribution water was col-

lected and HPC was determined. Two 100 mi samples were

filtered. Filters were placed on m-endo LES agar and cul-

tures were incubated at 24 h at 35°C. Both MF cultures

were confluent. The filter removed from one of these

plates was placed in 10 mi of sterile 0.1 7e peptone, mixed

(vortexed) for 10 s to suspend growth and then serially
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dilutes to 10 -6 , 10 -7 , and 10 - 8 in 0.17 peptone water.

Triplicate TSA spread plates were inoculated with 0.1 mi

volumes from each of the three dilutions. In addition one

loopful of the mixed sample was streaked directly onto a

TSA plate for pure culture isolation. All plates were in-

cubated at 35°C for 24 h. Eleven isolates from the HPC

plates, all isolates from the spread plates and five iso-

lates from the TSA streak plate were Gram stained and iden-

tified by the Lassen three-tube method (Acta. Path. micro-

biol. scand. Sect. B. 83:525-533; 1975).

Comparison of Coliform Numbers 
on m-endo LES and m-endo LES 

without SLS and SDC 

Five 1 2, well water samples were collected from

five different Tucson wells. Eight 100 mi volumes were

filtered from each sample and placed on quadruplicate

plates of m-endo LES and m-endo LES without SLS and SDC.

Half of the plates were incubated anaerobically and half

were incubated aerobically. Two 100  mi volumes of each

sample were filtered and filters were placed on KF Strep-

tococcus Agar (Difco) for enumeration of fecal strepto-

cocci. All plates were incubated at 35°C for 48 h and

read at 24 h and 49 h.
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Characterization of Bacteria 
Present in Well Water and 

Distribution Water 

One liter water samples collected from two wells

and three drinking fountains were examined for the presence

of coliforms and opportunistic pathogens. Four 100 mk vol-

umes from each sample were filtered and the filters were

put on m-endo LES agar. Half the plates were incubated

anaerobically. Duplicate 10 mk and 1 mk water samples were

also filtered and filters were placed on TSA. All plates

were incubated for 24 h at 35°C. Sheen producing colonies

on m-endo LES agar were simultaneously inoculated into

single strength lauryl sulfate broth (SSLSB, Difco) and

single strength brilliant green lactose bile broth (SSBGLBB,

Difco) and incubated for 48 h at 35°C. Isolates producing

gas in both media were inoculated into EC broth (Difco)

and incubated at 44.5°C for 24 h.

Twenty-four colonies from the TSA plates were Gram-

stained and identified according to the Lassen three-tube

identification scheme.

Effect of Temperature on Coliform
Survival in Ground Water 

Twelve liters of well water were collected in poly-

propylene containers and initial turbidity and pH readings

were recorded. Six liters of the water was held at 4°C and

the other six liters at 25°C for 32 days. At predetermined
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intervals, six 100 mk volumes were filtered from each six

liter sample and HPC was determined. Two of the filters

were placed on KF Streptococcus agar and the other four

filters were put on m-endo LES agar. Half of the m-endo

LES plates were incubated anaerobically. Typical sheen

producing coliform colonies as well as atypical dark red

or pink colonies were picked from the m-endo LES plates and

simultaneously inoculated into tubes of SSLSB and SSBGLBB.

Colonies producing gas in both tubes were streaked for iso-

lation on Eosin Methylene Blue (EMB, BBL) agar followed by

the IMViC series of biochemical tests. Those organisms

yielding IMViC reactions of ++-- were designated as E. Coli 

species. The Enterobacter/Klebsiella group had --++ reac-

tions and Citrobacter freundii isolates gave IMViC reactions

of -+-+.



RESULTS

Organisms and Standardization 
of Inocula 

The mean number of coliforms mi from each of the

three trials, standard deviations, and API identification

numbers are given in Table 2. The mean number of cells/

mi in 18 h cultures ranged from 2.546 x 10 10 for E. coil 

up to 3.628 x 1010 cells/mi for E. aerogenes. These num-

bers were used in determining the appropriate concentra-

tion of inocula for the following experiments.

Growth of Coliforms on m-endo LES 
with and without Selective Agents 

The basic chemical ingredients used in the formula-

tion of m-endo LES and modified m-endo LES agar are given

in Table 1. The freshly collected 16 i water sample con-

tained 273 non-coliform bacteria/mi and no typical or

atypical coliform colonies. Non-coliform counts increased

to approximately 700 cells/mi after incubation for 24 h

at 25°C. Recovery of coliforms inoculated into the water

sample are given in Table 3.

The number of coliforms recovered per 100 mi

ranged from 11 to 37. Mean recoveries on both m-endo LES

and m-endo LES without SLS and SDC were 21 coliforms/100 mk

17
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Table 2. Summary of Results from Coliform Growth
Standardization.

Organism API Number Logic) Mean CFU/mt	 SD

E._ cou i 4044572 1.9781 ± 0.1299

E. aerogenes 5304773 2.1245 ± 0.1051

E._ cloacae 3304573 2.1518 ± 0.0795

K._ pneumoniae 5205773 2.0153 ± 0.1035

C._ freundii 2504713 2.1117 ± 0.0611
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Slightly higher means were determined for m-endo LES

without SLS and SDC. Analysis of variance showed signifi-

cant three way interaction between organisms, media, and

oxygen conditions.

Coliform colony size and sheen production varied

with oxygen conditions for E. aerogenes and E. cloacae 

which produced small atypical colonies under anaerobic

conditions. Colonies were significantly larger yet still

atypical dark red in color under aerobic incubation. No

difference in growth of the two Enterobacter spp. was seen

in the non-selective m-endo LES media. E. coli, C.

freundii and K. pneumoniae produced typical sheen colonies

regardless of media or oxygen conditions. Tables 4 and

5 show the results of repeated trials. For both experi-

ments an average of 11 coliforms/100 mf. was obtained for

organisms on m-endo LES. The three types of non-selective

media had slightly lower averages of approximately 9 coli-

forms/100 mk. The distribution water sample used had

such high densities of non-coliform bacteria that confluent

growth appeared on all aerobically incubated membrane fil-

ters making detection of coliform colonies difficult if

not impossible. Use of a stereomicroscope aided in enu-

meration of typical sheen producing colonies. However,

atypical dark red or pink colonies could not be
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differentiated from non-coliform growth. In comparison,

anaerobically incubated filters showed hardly any back-

ground bacterial growth.

Detection of Chlorine Injured Coliforms 
on m-endo LES and m-endo LES Without 

SLS and SDC 

Chlorination of the five coliform isolates result-

ed in greater than 997e killed for all coliforms except C.

freundii, which had 96 7e of its population killed. The

percentage of cells killed was determined by the ratio of

coliforms recovered on TSA before chlorination to those

after chlorination. The ratio of coliforms recovered on

m-endo LES to those on TSA after chlorination defined the

percentage of cells injured. The mean percent of killed

and injured cells for each of the five coliform isolates

is given in Table 6. Tables 7 through 10 show the re-

coveries of the chlorinated coliforms on m-endo LES and

non-selective m-endo LES agar.

Ninety-nine percent of the E. cou i cells exposed

to chlorine for either 20 s or 45 s were killed or unable

to grow on TSA. An average of 31 7e of the remaining viable

cells were sublethally injured and unable to grow on m-

endo LES agar. The strain of E. cou i used seem to vary

in preference to media. In 50 7e of the trials more cells

were recovered on the non-selective m-endo LES agar.
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Table 6. Percent Survivors and Percent of "Injured"
Cells Among Survivors Following Chlorination
of Water Containing Selected Coliforms.

Organism
Percent
Survivors

Percent
"Injured"
Cells*

C. freundii 3.78% 46.08%

E. coui 0.42% 30.75%

K. pneumoniae 0.83% 18.53%

E.	 aerogenes 0.32% 43.51%

E.	 cloacae 0.61% 66.67%

* % injured cells - CFU per 100 mi on m-endo LES CFU per 100 mi on TSA
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However, in the other half of the trials more cells were

recovered in m-endo LES with selective agents. In general

duplicate plates had very close counts. Coliforms were

masked on several aerobically incubated membrane filters

by confluent growth of non-coliform bacteria. For this

reason parallel studies were done using coliforms seeded

into sterile phosphate buffered water.

C. freundii gave the lowest mean percentage of

cells killed (96%) whereas 46% of the viable cells were

sublethally injured. Sheen production of injured cells

was excellent under both aerobic and anaerobic conditions

with no variation in colony size due to anaerobic incuba-

tion. C. freundii showed no significant increase in cells

recovered on the non-selective media in tests run with

sterile phosphate buffered water or distribution water.

Ninety-nine percent of the K. pneumoniae cells

were killed by chlorination and overall only 19% of the

viable cells were injured. This coliform showed increases

of 26% and 31% in counts on the non-selective m-endo LES

agar when sterile phosphate buffered water was used in-

stead of the distribution water (Figures 1 and 2). Higher

recoveries of injured K. pneumoniae isolates were observed

on the selective m-endo LES agar in experiments using

distribution water. K. pneumoniae like E. cou i produced

large typical sheen producing colonies under both aerobic
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Figure 1. Recovery of Injured Coliforms Seeded into
Sterile Phosphate Buffer
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Figure 2. Recovery of Chlorinated Coliforms Seeded
into Distribution Water
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and anaerobic conditions. Chlorinated E. aerogenes and

E. cloacae inoculated into sterile phosphate buffered

water showed statistically significant increases in counts

on m-endo LES without SLS and SDC. E. aerogenes showed an

increase in counts ranging from 307 to 60% on the non-

selective media. Both Enterobacter spp. produced very

small colonies under anaerobic conditions. Atypical dark

red colonies were visible after an additional 24h aerobic

incubation. These colonies were difficult to detect on

membrane filters with high non-coliform counts.

Ninety-nine percent of the E. aerogenes cells and

E. cloacae cells were killed upon chlorination. The per-

centage of cells injured among survivors was 447e for E.

aerogenes and 66 7e for E. cloacae. In general colonies

formed by the Enterobacter spp. were atypical and the

easiest to be confused with non-coliform colonies.

Incorporation of Brilliant Green 
Dye in m-endo LES Agar 

Brilliant green dye incorporated into m-endo LES

with and without selective agents did not significantly

reduce non-coliform background counts on either media

(Table 11). The distribution water initially had 133

bacteria/m9 and no detectible coliforms. Inoculated col-

iform counts tended to be quite high and all but the
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Enterobacter sp produced typical metallic green sheen

colonies.

The mean non-coliform count was approximately 140

cells/100 mt. No difference in background bacterial counts

was observed at either concentration of BC dye. Coliform

numbers were roughly the same on all media.

Identification of Non-coliform Bacteria 
Present of m-endo LES Agar 

Non-coliform bacteria present on aerobically in-

cubated m-endo LES agar plates were identified and com-

pared to those organisms isolated and identified on plate

count agar (Difco). All isolates were Gram stained and

identified according to the Lassen identification scheme

for Gram-negative rods.

Data are given for isolates from m-endo LES

plates in Table 12. Five of the nine organisms were

identified Acinetobacter calcoaceticus strains. Four

isolates belonged to the Pseudomonas/Alcaligenes faecalis 

group and one Alcaligenes faecalis strain was identified.

Two pseudomonad colonies were identified only by their

bluish-green pigmentation and bright green fluorescence

under a long wave UV lamp.

The eleven organisms isolated from plate count

agar are listed in Table 13. Eight of the eleven or 73 7e

of the isolates were identified as being A. calcoaceticus 
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and two organisms belonged to the Pseudomonas/Alcaligenes 

faecalis group. One Pseudomonas maltophila isolate was

observed and no Gram-positive organisms were isolated.

The majority of all isolates on plate count agar

and m-endo LES agar were non-motilte, non-fermenting,

Gram-negative bacillus belonging to the genus Acinetobacter.

Comparison of Coliform Numbers on 
m-endo LES and m-endo LES 

Without SLS and SDC 

Numbers of coliforms and fecal streptococci re-

covered from five Tucson wells are given in Table 14. No

statistically significant difference was seen in coliform

counts on the two media under either aerobic or anaerobic

conditions. There was no correlation between levels of

coliforms and fecal streptococci. Well sites 3 and 4 had

approximately 55 coliforms/m. Anaerobic incubation of

filters from these two samples aided in coliform enumera-

tion since non-coliform densities were high.

The majority of the coliforms isolated produced

large typical sheen colonies except those from site 3,

which tended to be atypical dark red or pink. This was

also the only sample taken after chlorination.
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Characterization of Bacteria Present 
in Well and Distribution Water 

Numbers of coliforms and heterotrophic bacteria

present in water samples taken from three drinking foun-

tains and two wells are given in Table 15. All samples

had relatively low numbers of heterotrophic bacteria.

Well site B had the highest plate counts of 2.1 bacteria/

mk,. Drinking fountain #3 had no detectible coliforms on

m-endo LES plates yet a Klebsiella sp. was identified

from the TSA plate. Duplicate m-endo LES plates for Well

B had 10 and 5 coliform colonies respectively. One iso-

late was an E. coli strain. Two other coliform colonies

produced gas in both SSLSB and SSBGBLB but were not iden-

tified. Up to 155 non-coliform bacteria/100 mR, were seen

on filters from Well B yet coliform colonies were still

easily seen.

Identification and biochemical tests of the non-

coliform bacteria present in these five water samples is

shown in Table 16. Bacillus sp. isolates were found in

two of the drinking fountain samples and Well B water.

Nineteen Ps. aeruginosa colonies were visibly identified

on TSA plates of Well B water.

Thirty-eight percent of all organisms isolated and

identified belong to the Pseudomonas/Alcaligenes faecalis 

group. 29 7e of the organisms were Acinetobacter spp. and
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Table 15. Coliform and Total Bacterial Counts from Ground
Water and Distribution Water Samples.

Sample
CFU/100 mi
m-endo LES

CFU on TSA
(10 mi
filtered)

CFU on TSA
(1.0 mi
filtered)

Distribution 0(8) 13 0
Site #1 0(14) 5 1

Distribution 0(41) 3 1
Site #2 0(12) 12 0

Distribution 0(22) 6 1
Site #3 0(11) 3 1

Well A 0(19) 12 0
0(15) 1 1

Well B 10(155) 25 3
5(150) 18 2

() = non-coliform CFU
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217 were of the genus Bacillus. These were the first

water samples tested in which Bacillus sp.were identified.

Effect of Temperature on Coliform
Survival in Ground Water 

Water taken from a private Tucson well contained

a mean of 109 coliforms and 145 fecal streptococci/100 mk

(Tables 17 and 18). Initial HPC were approximately 109

CFU/100

At four days storage at 4 ° C and 25 ° C coliform

counts were still declining at an even rate. The decline

in detectible coliforms was identifical for samples held

at both temperatures over a 4 day period. After 8 day

storage coliform counts were almost twice as large as in

water held at 4°C. At 32 days of storage no coliforms

were found in the 25°C water however 8 coliforms/100 mt

were still detected in the 4°C water (Figure 3). 50 7e of

these remaining isolates were E. cou i and 38% were C.

freundii as determined by IMViC reactions.

A four fold increase in fecal streptococci numbers

was seen in the water held at 25°C but not in water kept

at 4°C. By the eighth day of storage at 25°C virtually

no fecal streptococci could be detected (Figure 4). How-

ever water kept at 4°C still contained these organisms

after 16 days storage.
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Table 17. Coliform Recovery from Well Water Stored at
25°C and 4°C for 32 Days.

Time of
Sampling

CFU/100 mi on
m-endo LES

Water Stored at 25°C

CFU/100 mi on
m-endo LES

Water Stored at 4°C

Aerobic
incubation

Anaerobic
incubation

Aerobic
incubation

Anaerobic
incubation

initial 100 118 86 76 ND* ND ND ND
reading

9h 35 92 ND ND 87 102 ND ND

1 day 75 69 72 76 78 70 76 65

2 days 52 18 66 66 74 72 83 80

4 days 64 64 67 53 69 71 61 72

8 days 18 31 10 21 25 40 50 53

12 days 7 3 5 4 46 37 49 45

16 days 3 1 4 2 24 20 27 22

32 days 0 0 0 0 12 3 0 10

*ND = not determined
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Table 18. Recovery of Fecal Streptococci and Heterotrophic
Plate Count Bacteria from Water Stored at 25°C
and 4°C.

Time of
Sampling

Fecal Streptococci
per 100 mi

Heterotrophic Plate
Count Bacteria per mi

Water held	 Water held
at 25°C	 at 4°C

Water held
at 25°C

Water held
at 4°C

initial 146 145 ND ND 109 ND
reading

9 h 144 159 156 146 267 124

1 day 550 567 97 91 TNTC* 110

2 days 5 3 7 3 TNTC 84

4 days 2 2 5 6 5.9 x 10 3 TNTC

8 days 0 1 3 1 7.2 x 10 3 3.4 x 10 3

12 days 0 0 5 1 TNTC TNTC

16 days 0 0 3 2 1.03 x 10 4 3.95x104

32 days 0 0 0 0 TNTC TNTC

*ND = not determined

TNTC = too numerous to count
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HPC increased in numbers during the first eight

days of storage at both temperatures (Figure 5). After

eight days however, counts began to decline at similar

rates. By the 32nd day of storage the 25°C water still

contained over 3 x 103 bacteria/m2, whereas the 4°C water

was about ten times higher in bacterial counts. Organisms

remaining in both water samples produced minute greenish-

sheen colonies which could be mistaken as coliform colonies.

However none of these isolates confirmed as coliforms by

as production in both SSLSB and SSBGLBB.

Coliforms and fecal streptococci survived somewhat

longer in the 4°C water. Heterotrophic bacteria were sig-

nificantly higher in numbers after storage at both tem-

peratures.
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DISCUSSION OF RESULTS

The MF techniuge employed in detection of coliforms

is enhanced by the use of anaerobic incubation of membrane

filters and the removal of SLS and SDC from m-endo LES agar.

Anaerobic incubation significantly reduced high

densities of predominantly Gram-negative organisms present

in Tucson distribution systems and well water. This greatly

enhanced the ability to accurately enumerate coliform colo-

nies especially those which were atypical dark red or pink.

Anaerobic incubation had no effect on sheen production,

colony size, and numbers of injured as well as non-injure

E. cou, C. freundii and K. pneumoniae cells tested. Iso-

lates of E. cloacae and E. aerogenes produced smaller atyp-

ical colonies under anaerobic conditions. The absence of

oxygen appears to stress these cells yet is still benefi-

cial since enumeration of atypical coliform colonies is

easier and more accurate without the masking effects of

non-coliform bacterial colonies.

It is interesting to note that recovery of chlor-

ine injured C. freundii cells was not enhanced by the use

of non-selective m-endo LES agar and that this organism

was one of the most predominant coliforms isolated in well

50
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water stored 32 days at 4°C. It would seem that C.

freundii is quite resistant to stress and injury in an

aquatic system. In comparison, injured E. cou i cells

showed an increase in numbers of cells recovered on the

non-selective m-endo LES and were also able to survive

prolonged storage in well water at 4°C. E. cou i may toler-

ate various stresses caused by temperature just as well as

C. freundii yet they may be more sensitive to chlorination.

E. cloacae and E. aerogenes appeared to be the most

sensitive coliforms to chlorination, temperature, and an-

aerobiosis. In the majority of trials with chlorine in-

jured Enterobacter spp. significantly more cells were

recovered on the non-selective m-endo LES agar. These or-

ganisms were the most consistant at showing greater re-

coveries on the modified m-endo LES agar and producing

atypical dark pink colonies. Detection and enumeration of

Enterobacter spp. may be the poorest among the coliform

group due to susceptibility to injury and atypical sheen

production. It is possible that some chemical ingredient

in m-endo LES (other than SLS and SDS) inhibits sheen pro-

duction and is also responsible for the small colony size

that only occurs with Enterobacter  spp.

Coliform injury induced by chlorination results in

heterogeneous populations ranging from non-living cells to

those unable to grow on TSA. This variability in degree of
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injury in combination with varying susceptibility to

injury amongst the coliform group may be in part responsi-

ble for the wide range in numbers of coliforms recovered

on the two media. Susceptibility to injury undoubtedly

changes with numerous environmental conditions and inter-

actions with other bacteria present.

Few coliform contaminated wells were available for

testing, however those examined showed no enhancement in

coliform recovery on the non-selective m-endo LES media.

This may be due to the following factors: 1) the coliforms

isolated were predominantly C. freundii which shows no

preference in media 2) the cells were not injured and 3)

a large percentage of the coliform population was injured

to such a degree that even the chemicals in the non-

selective m-endo LES were inhibiting growth and those coli-

forms detected were the few non-injured. In general coli-

form injury is complex and must be understood in order to

accurately detect all coliforms present in a water sample.

Large increases in heterotrophic bacteria were not

seen on the non-selective m-endo LES agar aerobically in-

cubated. This was probably due to the predominance of

aerobic Gram-negative rods such as Alcaligenes spp. and

Pseudomonas spp. in Tucson well and distribution water.

The only Gram-positive organisms isolated were members of

the genus Bacillus. Since SLS and SDC are inhibitors of



53

Gram-positive organisms, large increases in non-coliform

counts may be seen in areas where these organisms are pre-

dominant in distribution water. However use of anaerobic

incubation with the non-selective media would aid in inhibi-

tion of growth of these organisms.

The predominance of Gram-negative organisms in

Tucson water also explains in part why the addition of BC

dye to the media did not reduce non-coliform bacterial

growth. BC dye incorporated into modified m-endo LES may

be of some value in areas where Gram-positive organisms

predominate.

In addition to coliform enumeration, densities of

heterotrophic bacteria (HPC) and fecal streptococci provide

valuable information on the water quality. Though there

seems to be no correlation between coliform levels and HPC,

non-coliform bacteria present in a water system may be

opportunistic pathogens. Most of the non-coliform bacteria

isolated from well and distribution water belonged to this

group and pose a serious threat to immunosuppressed indi-

viduals. Even if heterotrophic bacteria present in a

water sample are not pathogenic they may add undesirable

color, turbidity, and taste.

Levels of fecal streptococci like HPC do not show

any correlation with coliform counts. However since fecal
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streptococci may be from an enteric source they should be

evaluated routinely with coliform analysis.

Fecal streptococci form long chains and it is dif-

ficult to determine if one colony is really formed by a

single organism. The large increase in fecal streptococci

in well water stored at 25°C for 24 h may be due to the

break up of streptococcal chains and not actual regrowth

of the organisms.

New and improved methods of coliform enumeration

are required for accurate evaluation of water quality.

Anaerobic incubation and non-selective m-endo LES agar

have been shown to enhance recovery of injured coliforms

which may be a large percentage of the coliform population

in a water sample. Further investigations into why Entero-

bacter spp. tend to produce atypical colonies and how in-

jured coliforms can be recovered will certainly aid in

maximizing the effectiveness of the MF technique.
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