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I. INTRODUCTION 

The need for maintaining large, safe water supplies to serve ever 

growing urban population centers has been a concern of community leaders 

for centuries. Contamination of these supplies by pollutants from 

industrial and domestic discharges as well as nonpoint sources has 

threatened public health. Of particular importance is the degradation 

of water sources by contamination with disease causing-organisms. Water 

has been long recognized as a vector in the transmittance of pathogenic 

diseases including cholera, polio, dysentery, hepatitis, and typhoid, To 

reduce the possibility of transmitting these diseases via the water 

route, the practice of disinfecting wastewaters prior to discharge 

has been in common use over the last century. The most frequently used 

method of inactivating disease causing organisms in the U. s. is 

disinfection with chlorine. 

Because the methods of detection and enumeration of enteric pathogens 

are far too cumbersome and costly for routine use, the bacteriological 

quality of water is based on testing for non-pathogenic indicator 

organisms, principally the fecal coliform group. These bacteria reside 

in the intestinal tract of man and are excreted in large numbers in feces 

of man and other wann-blooded animals. Detection of fecal coliforms in 

water suggests that viable pathogens are present, 

The two widely accepted techniques for the enumeration of fecal 

coliforms in water and wastewater samples are the multiple-tube fermentation 

method and the membrane filter method as outlined in Standard Methods for the 

Examination of Water and Wastewater (1). The multiple-tube fermentation 

technique, known as the Most Probable Number (MPN) technique, is based 

on a statistical analysis of inoculated fermentation tubes from multiple 

1 
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dilutions. The membrane filter technique is a direct colony count of 

organisms on a membrane. Both of these methods involve the use of a 

selective media and elevated incubation temperatures to encourage growth 

of fecal coliforms and attenuate the growth of interfering organisms. 

Many researchers have expressed concern in recent years that indicator 

organisms may be stressed by numerous environmental factors including: 

irradiation by sunlight, wide ranges in pH, toxic substances, high and 

low temperatures and exposure to disinfectants. Stress makes the organisms 

more difficult to recover than they normally would have been. As a result, 

the bacteriological quality of a water may not be accurately predicted by 

using conventional techniques. Several methods have been developed for 

the purpose of eliminating or minimizing the number of organisms that 

go undetected in the presently used methods (1). 

Investigators have examined the movement of bacteria and other pollutants 

in water bodies with the aid of fluorescent tracers (27). Coliform die-off 

and dispersion and dilution of wastewater effluents have been studied 

extensively by such methods (34). In some cases, it is not clear what 

effects the tracers or chlorine and other waste-stream constituents may 

have on coliform survival. It has been shown that chlorine and other 

wastewater pollutants (e.g., heavy metals) stress coliforms, so under 

these conditions it would seem appropriate to use stressed organism 

recovery techniques. 

The objectives of this study were to evaluate the effects of a 

fluorescent dye and of chlorine on the enumeration of fecql coliforms and 

the effectiveness of various methods for fecal coliform recovery, In 

order to accomplish these objectives, this investigation was divided 

into three phases. In the first phase, fecal coliforms were exposed 
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to a fluorescent tracer, rhodamine WT, to determine if it was toxic 

to the organisms and created stress which would inhibit recovery of 

the organisms by standard methods. In the second phase, fecal 

coliforms were exposed to chlorine, to again quantify any toxic 

effects and evaluate the stress caused by the chlorine. In the 

third phase, fecal coliforms were subjected to rhodamine WT and 

chlorine at the same time to evaluate the possibility that the two 

compounds might synergistically affect the recovery of fecal 

coli forms. 

Organisms levels were measured by means of three methods: the 

MPN technique and the standard and modified membrane filtration 

procedures (Std-MF and Mod-MF). The MPN method is widely recognized 

as a good procedure for recovering stressed organisms, whereas 

stressed organisms are frequently undetected by means of the Std-MF 

method. The Mod-MF procedure provides values more similar, if not 

equal to MPN results. By using the relationships among the results 

obtained by the three techniques, it was possible to quantify the 

toxic and stressful effects of the dye and chlorine on fecal coli-

forms. The results also provide the basis for an important state-

ment about the suitability of the three methods for recovering stressed 

organisms. 



II. LITERATURE REVIEW 

Topics that have been reviewed in the literature, which are presented 

in the following sections include: historical aspects of waterborne 

pathogens, the significance and physiology of fecal coliforms, standard 

and modified tests for coliform enumeration, bactericidal effects of 

chlorine, the use of fluorescent dyes and the toxicology of fluorescent 

dyes. 

Historical Aspects of Waterborne Pathogens 

With the development of the industrial revolution, people were 

attracted to urban areas in larger numbers and forced to live under more 

crowded conditions. As the population density increased, so did the 

frequency of epidemics. Although many theories were developed as to 

the transmission of disease, it was not apparent that a major vector of 

communicable diseases was water, until 1854 when a localized epidemic 

of Asiatic Cholera broke out in London (2). John Show and John York, 

through careful investigations, demonstrated that the Broad Street Pump 

was the source of the infection; and furthermore, the water was being 

contaminated by sewage leaking from a damaged sewer nearby. The 

sewer served the home of someone suffering from the disease. This 

event established, without a doubt, that water was a m~jor vehicle for 

the spread of one of the greatest plagues afflicting mankind, Asiatic 

Cholera (2). 

The successful growth in pure culture of the anthrax-causing 

bacterium, by Robert Koch in 1875, is considered by many to be a major 

event in the origin of bacteriology. In 1883, the pathogens causing 

4 
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Asiatic cholera were isolated, followed by the culturing of the causative 

organism of typhoid in 1884. These discoveries provided the means to 

prove that water was a major medium for disease transmission {2). 

Chlorination of water supplies was practiced on an emergency basis 

after 1850, but not until 1912 when equipment for feeding gaseous chlorine 

was developed, did chlorine disinfection become almost universally practiced. 

Since that time, the incidence of waterborne diseases has been sub-

stantially reduced (2). 

Waterborne disease outbreaks have been reported extensiveJy from the 

19201 s to the present. The incidences of outbreaks were summarized by 

Craun and McCabe (4). The number of outbreaks steadily declined from 

1938 until 1955, from 45 per year to 10 per year. From 1955 through 

1970, the data indicate a slight increase in the average number of 

outbreaks. However, it was suggested that this increase might be 

attributed to more active surveillance and differences in reporting. 

More recently,Craun {5) examined the outbreaks of waterborne 

diseases in the U.S. reported during the period 1971 to 1978. A total 

of 224 outbreaks, affecting 48,193 persons and resulting in two deaths 

were reported during this period, Outbreaks in municipal and community 

water systems resulted in the most number of illnesses. The most fre~ 

quent cause of outbreaks was contamination of the water distribution 

system by cross connections and backsiphonage, while the second most 

frequent cause resulted from treatment deficiencies, Etiologic agents 

were identified in only 45 percent of the outbreaks. The remainder 

of the cases were classified as acute gastrointestinal illness characterized 

by the symptoms; abdominal cramps, nausea, vomiting and diarrhea. 
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Waterborne etiological agents identified included chemical poisoning, 

giardiasis, shigellosis, viral hepatitis, salmoneuosis, typhoid, viral 

gastroenteritis, toxigenic ~ coli gastroenteritis, and campylobacter 

gastroenteritis. Because the cases of waterborne diseases have not been 

totally eliminated, it is clear that bacteriological examination of 

water is still useful. 

Significance of Coliforms 

In 1885, the bacterial species, Bacterium coli, was first isolated 

by T. Escherich from the feces of a cholera patient (6). Because of its 

possible association with enteric pathogenic bacteria found in the in-

testines of ill persons, Escherich contended the presence of these 

organisms in water was an indication of fecal contamination. Confusion 

as to the significance of the colifonn group resulted when it was later 

discovered that the group occurred regularly in the feces of many healthy 

species of wann-blooded animals. Further controversy arose when many 

species biochemically resembling the bacterium were isolated from plants, 

soil and water, although no exposure to fecal pollution could be shown. 

Based on the belief that all colifonns originated in the intestines 

of wann-blooded animals, Smith suggested in 1895 that the presence of 

these organisms, regardless of where they were detected in the environ-

ment, was an indication of fecal contamination and was·therefore a threat 

to public health (6). Eijkman developed a procedure in 1904 to distinguish 

coliforms of fecaJ origin from non-fecal origin using an e·levated incubation 

temperature (6). He found that fecal coliforms could fennent glucose at 

46°C., while those of non-fecal origin could not. This "Eijkman Reaction" 

is incorporated into modern techniques of colifonn enumeration. 
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Fecal samples from ten adults who lived in a controlled environ-

ment, were examined by Geldreich et El_. (7). When incubated at 44.5°C, 

eleven strains of the possible sixteen types of colifonns were found 

in the samples. These results were substantially similar to the coli-

form distributions found in another study in which fecal samples were 

taken from adults living in a variety of environments. Fecal samples 

from livestock and poultry were also analyzed. This work indicated 
. 

the most common coliform found in the feces of warm-blooded animals 

was Escherichia coli (7, 8). 

Because the detection and identification of pathogenic organisms 

by present means is too time consuming and tedious for routine exami-

nation of water and wastewater, indicator organisms are often used as 

evidence of pollution. The persistence of some pathogens compared to 

indicator organisms has been the subject of several studies (8, 51). 

It has been shown that some indicator bacteria survive somewhat longer 

than the enteric pathogens studied, but few relationships have been 

established. In studies by Mcfeters et tl• (8) using a special membrane 

chamber immersed in well water, coliform and enteric pathogen viability 

was determined as a function of time. These studies showed survival 

rates were not uniform among colifonns grouped by species or origin 

(fecal or non-fecaJ). The die-off rate for Salmonella was found to be 

very similar to~ coli, at several temperatures. Salmonella typhi 

and Vibrio cholerae were found much less tolerant than coliforms, 

while some of the shigellae persisted somewhat longer. 

The controversy surrounding the use of coliforms as indicators, 

has continued through the years. Some investigators have used total 
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coliforms as indicators of pollution, while others have tested for fecal 

coliforms. It is generally accepted that no coliforms should be tolerated 

in potable water, as this may suggest treatment deficiencies. Only fecal 

coliforms should be considered when analyzing for fecal pollution. 

Coliform Physiology 

Coliform bacteria have been defined as, 11all gram-negative, non-

spore forming, oxidase-negative, rod-shaped, aerobic and facultative 

anaerobic micro-organisms that have the ability to ferment lactose to 

form acid and gas within 48 hours at 35°C (10) 11• They are capable of 

growing in bile salts, reducing nitrates to nitrites, and assimilating 

sugars, amino acids, organic acids and other simple substrates (11). 

The coliform group includes the following genera: 

1. Erwinia - A plant pathogen 

2. Enterobacter - Which is found in soil and on plants 

3. Esherichia - Found in intestinal tracts of warm-blooded animals 

4. Serratia - Common to soil and water 

5. Klebsiella - A respiratory and intestinal bacteria 

Coliform bacteria utilize two major pathways of fermentation, mixed 

acid fermentation and butylene glycol fermentation. The former, 

characteristic of~ coli., is the fermentation of glucose to form formic 

acid, lactic acid, acetic acid, succinic acid, ethyl alcohol, carbon 

dioxide and hydrogen gas. In butylene glycol fermentation, more ethyl 

alcohol is produced, less acid is formed and hydrogen and carbon dioxide 

are produced as in the mixed acid fermentation, but in different proportions. 

The Voges-Proskauer test, methyJ red test or a comparison of the carbon 
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dioxide to hydrogen gas ratio may be used to distinguish between the 

fermentation pathways (10, 11). The substance responsible for the 

Voges-Proskauer reaction is acetoin, an intermediate in the formation 

of butylene glycol. Under alkaline conditions, acetoin reacts with 

diacetyl and creatine to form a pink compound. This positive reaction 

is evidence of butylene glycol fermentation. In the methyl red test, 

the pH indicator is yellow above the value 4.5. The quantity of acid 

produced in the mixed acid fermentation will usually lower the pH 

sufficiently for the indicator to turn red. A positive methyl red 

test indicates mixed acid fermentation (11). 

Fecal Coliform Recovery Methods 

Currently there are two methods recommended by Standard Methods (1) 

for the enumeration of fecal coliforms in water and wastewater: the 

multiple tube fermentation technique and the membrane filter technique. 

Both methods employ elevated temperatures and selective media to allow 

the growth of coliforms but inhibit interfering organisms. 

The multiple tube fermentation technique, more commonly known as 

the most probable number {MPN) technique, is a statistically based 

procedure consisting of three steps: the presumptive, confirmed and 

completed tests. In the presumptive tests, three, five or more samples 

of at least three serial dilutions are inoculated into test tubes 

containing lactose or lauryl tryptose broth, and incubated at 35°C for 

48 hours. The formation of gas indicates a probability of the presence 

of the coliform group. In the confirmed test, positive tubes from the 

presumptive tests are inoculated into EC medium for incubation at 44.5°C 
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for 24 hours. The confirmation broth contains selective media, bile 

salts and other inhibitory substances that facilitate fecal coliform 

growth but prevent the reproduction of other microbes. By comparing 

the number of positive and negative tubes for each dilution with a 

statistica1 table, the most probable number of organisms present in 

the sample is determined. 

The completed test provides further confirmation of fecal coliform 

presence, Each positive EC tube is streaked onto Endo agar or Eosin 

Methylene Blue (EMB) agar. After incubation at 35°C for 24 hours, 

isolated colonies are inoculated into 1actose tubes. Gas formation 

should occur within 24 hours when incubated at 35°C. A Gram-stain may 

also be performed at this time to assure the isolation of gram-

negative, rod~shaped bacteria. In the routine examination of water and 

wastewater, the completed test is not normalJy performed. 

The membrane filter (MF) procedure for fecal coliform analysis 

i nvo 1 v es filtering samp 1 es through a ce 11 u 1 ose membrane, sup ported by 

a funnel apparatus, and placing the filter on MFC medium. After 

incubation at 44.5°C for 24 hours, all blue colonies are counted and 

by taking into account the sampJe size and dilution the number of fecal 

organisms original1y present may be determined, The MFC medium may be 

either i.n the form of a broth which is poured on an absorbent pad or a 

semi-solid form achieved by adding 1,5 percent agar to the broth. The 

MFC medium consists of a 1actose base with various indicator and inhibitory 

agents including ani1ine blue, bile salts and rosolic acid, 

Although both methods are widely used, there are major advantages 

and disadvantages to each. The MPN technique requires a minimum of 
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three days before results are obtained compared to 24 hours for the MF 

method. Because the MPN method is based on statistical probabilities, 

it is less precise. In the MPN method, a statistical bias tends to 

over estimate coliform concentrations (3). The MF procedure has been 

reported to be the most economical coliform test as a result of savings 

in the time and equipment {11). 

Although some researchers have found close agreement between the 

number of fecal coliforms recovered by the MF and MPN techniques {12, 

13, 14), the majority of research on the subject indicates that the 

MPN method recovers bacterial ce'lls in greater numbers {14, 15, 16, 18), 

especially when the samples containing chlorine or other toxic substances 

were analyzed. Huffman et _tl. (12) concluded that for an unchlorinated 

sewage effluent the fecal coliform MF procedure gave results equal to 

or slightly higher than the MPN test. McKee et E.l_. (14) reported that 

recoveries of total coli forms from chlorinated effluents by the MPN 

method were substantially higher than those from the MF method. This was 

confirmed by Lin (15, 16) anq Green et al. (17) in studies with other 

chlorinated secondary effluents. 

Microbial populations may be stresseq by a number of adverse 

environmental conditions, Stress being defined as any sublethal effect 

that may injure or inhibit the growth of microorganisms. The list of 

factors effecting stress on indicator organisms and pathogens has 

been found to include, solar radiation, temperature, adverse pH, toxic 

substances, and disinfectants {18), Common methods for enumerating fecal 

coliform fail to recover stressed cells because of selective agents in 

the media and the use of elevated temperatures. Bissonnette et al. (18) 
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reported that a significant number of~ coli. recovered from a natural 

stream environment lost their ability to produce colonies on a selective 

medium, but were capable of relicating on a nutritionally rich, non-

selective medium. 

In later work, Bissonnette et A.!_. {19) recommended improvements 

to the standard MF technique for fecal colifonn detection. It was 

suggested that a two-hour enrichment step on a rich, nonselective trypticase 

soy broth prior to exposure to selective media would substantially improve 

fecal colifonn recoveries from sewage or natural stream environments. 

In an effort to reduce the possibility of shock from elevated tempera-

tures, the cultures were first incubated at 35°C and then at 44.5°C. 

Rose et~- {20) developed a two-layer agar method which yielded 

consistently higher recoveries of fecal coliforms on membrane filters 

than the standard membrane fiJter method. This technique has the 

advantage of other enrichment techniques without the limitations of the 

two step procedure. The base medium, an M-FC broth with 1.5 percent 

agar, is placed in a petri dish and allowed to solidify at room tem-

perature. The second layer, lactose broth with 1.5 percent agar, was 

placed over the first within one hour prior to use. The two ·layers 

diffuse together over time and provide an enriched substrate to allow 

organisms recovery prior to being exposed to the selective media. The 

layer thickness is carefully controlled by placing two milliliters of 

the agar into each dish. The thickness of the layer detennines the 

rate at which the two media diffuse into one another and as a result 

affects coliform recovery. After the membrane filter was placed on 

the two layer media, the plates were incubated for two hours at 35°C, 
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allowing cell repair prior to incubation at 44.5°C for 22 to 24 hours. 

This method was recommended for bacteriological examination of chlori-

nated effluents, marine waters and natural waters that may contain 

heavy metal ions (20). 

Green et~. (17), using the method developed by Rose et~., 

extended the preincubation period to five hours at 35°C followed by 

17 to 19 hours at 44.5°C. Results from chlorinated primary and secondary 

effluents, obtained by the modified membrane filter technique, compared 

favorably with the MPN method. 

A two-layer, injury-mitigating,membrane-filter method was developed 

and compared to the MPN procedure and the standard one-step MF procedure 

by Stuart et E}. (21). For chlorinated sewage effluents, the enriched 

M-FC agar was found to equal or exceed MPN results and was proved to 

be far superior to the standard MF technique. Presswood and Strong (22) 

found that for chlorinated sewage, the MFC method gave improved recoveries 

77 percent of the time when rosolic acid was eliminated from the medium. 

Chlorine Chemistry and Disinfection 

For the purpose of disinfection, chlorine may be added to water 

as a gas or as a hypochlorite (either sodium or calcium). When chlorine 

gas is added, hydrolysis and ionization reactions take place (2). The 

hydrolysis reaction is defined by the following equation: 
+ -C12 + H20 = HOCl + H + Cl 

At pH levels above 4, the equilibrium is displaced to the right, with 

very little free chlorine (C12) present in solution. Hypochlorous 

acid (HOCl) is poorly dissociated below a pH of 6. The ionization 
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reaction of this weak acid is as follows: 

HOCl = H+ + OCl-

The relative amounts of hypochlorous acid (HOCl) and hypochlorite 

ion (OCl-) are a function of pH. At pH levels below 5, more than 99 

percent of the HOCl remains unionized, while above a pH level of 10, 

essentially all of the chlorine is in the form of OCl-. 

When calcium hypochlorite is dissolved in water, it ionizes 

to yield the hypochlorite ion by the equation: 
( ) ++ -Ca OCl 2 = Ca + 20Cl 

The hypochlorite ion establishes an equilibrium with the hydrogen ions 

by the ionization equation above. It can be concluded that the same 

equilibria are established regardless of the form in which chlorine 

is added. The significant difference is that chlorine gas tends to 

decrease the pH, but hypochlorites tend to increase the pH. As 

stated above, the pH influences the relative amounts of OCl- and HOC! at 

equilibrium. The importance of the distribution of HOCl and OCl- is 

that HOC! has about 40 to 80 times the killing efficiency of OCl- (2). 

Chlorine and hypochlorous acid react with numerous substances in 

water. One reaction of sanitary importance is with ammonia. The 

ammonium ion is in equilibrium with ammonia and the hydrogen ion in 

accordance with the equation: 

NH+= NH + H+ 
4 3 

Hypochlorous acid reacts with ammonia to form monochloramines, dichlora-

mines, and trichloramines as follows: 

monochloramine 
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NH2Cl +HOC!= NHC12 + H20 

NHC12 +HOC!= NC13 + H20 

dichloramine 

trichloramine 

Mono-and di-chloramines have some disinfecting power, but trichloramine 

is transient and unstable,so very little is normally present in solution. 

Chlorine gas, hypochlorous acid and hypochlorite ion are referred to as 

free chlorine residuals while the chloramines are considered combined 

chlorine residuals. The sum of the free and combined concentrations is 

reported as the total chlorine residual. Research has shown that a free 

chlorine residual is a more effective disinfectant than a combined 

residual (23, 24). Therefore, it is important to measure both the type 

of chlorine residual and its concentration. 

The temperature and pH of the solution will alter the rate of 

reaction between ammonia and hypochlorous acid. At a pH level of 8,3. 

the reaction is most rapid and decreases noticeably on either side of this 

value. So it is not uncommon to detect both free and combined residuals 

in a sample after as much as 60 minutes of contact (2). 

Due to the presence of ammonia in a domestic wastewater, chlorine 

will exist primarily in the chloramine form unless excess chlorine is 

added. Mono-and dichloramine are formed with mole ratios up to 1:1 

(chlorine to ammonia). Trichloramine is formed and a portion of the 

chloramines is oxidized to nitrogen gas when the molar ratio of chlorine 

to ammonia is increased. Break-point chlorination is accomplished when 

sufficient chlorine is added to react with the ammonia present and oxidize 

the chloramines which form (3). 

The amperometric titration procedure is one of several methods used to 

measure chlorine residuals. This procedure utilizes an oxidation-reduction 
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reaction and an electrode system to detect the reaction end point. 

The reducing agent phenylarseneoxide (PAO) is used to titrate the 

chlorine. In the pH range of 6.5 to 7.5, the reducing agent reacts with 

free chlorine. Combined chlorine residuals are measured by adjusting 

the pH of the sample to about 3.5 to 4.5 and adding iodide. The iodide 

is oxidized by chloramines to free iodine which is then titrated with 

PAO (2). 

Factors influencing the action of chlorine as a disinfectant include: 

1) contact time, 2) concentration and type of disinfectant, 3) number 

and type of organisms, and 4) properties of the suspending liquid. 

The contact time is one of the more important variables in the 

chlorination process. Chick {2) reported that for a given concentration 

of disinfectant, the number of organisms killed was proportional to the 

contact time. Chick's Law in differential form may be written as: 

dN 
dt 

Where: 

= -KN 

N = Number of organisms 

t = Time 

K = Constant 

When No is the number of organisms present at time equal to 0, the 

equation may be integrated to: 

N -kt N = e 
0 

Examples in the literature where experimental data did not follow this 

rate law are common (3). 
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It has been observed that, within limits, the effectiveness of a 

disinfectant is dependent upon its concentration. The effect of 

concentration is described by the equation. 
n C tp = constant 

Where: C = Concentration of disinfectant 

n = Constant (the order of the reaction) 

tp = Time required for a constant percentage 

kill 

The action of chlorine is also related to the number of organisms. 

Larger organism concentrations require more disinfectant for a given 

percentage kill. The relationship is formulated by the equation: 

CqNp - Constant 

Where: C = Concentration of disinfectant 

Np= Concentration of organisms reduced given 

percentage in given time 

q = Constant related to strength of disinfectant 

The nature of the liquid in which the microbes are suspended can 

affect chlorination efficiency greatly. The pH and presence of ammonia 

and their effect on chlorine chemistry have been discussed. Turbidity 

may adsorb and protect associated organisms from the disinfectant. 

Increasing the temperature of the liquid will generally result in a more 

rapid kill. Organic and inorganic compounds may be oxidized by chlorine 

reducing the effectiveness of the disinfectant {3). 

The mechanisms by which disinfectants inactivate microorganisms 

is not fully understood. Several of the possible means include: 1) 

damage to the cell wall, 2) alteration of the cell permeability, 3) 
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alteration of the nature of the protoplasm, and 4) interference with 

the enzymatic reactions (3). Cell lysis is the result of damage to the 

cell wall. When the selective permeability of the cytoplasmic membrane 

is disrupted, vital nutrients may be released. A lethal effect may be 

produced when cell proteins are coagulated or denatured. Enzymes can 

be chemically altered by oxidizing agents prohibiting their function. 

The Use of Fluorescent Tracers 

The widely used deliberate addition of tracer material to flowing 

streams is not a new scientific method. Investigators interested in 

determining the hydraulic characteristics of large bodies of water 

have used tracers to quantitatively measure the movement of natural 

constituents as well as pollutants. In France, more than a century 

ago, Schlossing (25) injected ammonium sulfate into a stream and 

chemically analyzed downstream samples to assess the dilution which 

had taken place. 

More recently, radioactive tracers were developed. This was a 

major technological advancement in studies of water movement, because 

very minute amounts of tracer produced reasonably accurate results. 

Practical applications reveaJed that the equipment and the tracer 

materials were expensive. Potentially hazardous radioactive materials 

were regulated by the government and the public reacted adversely to 

their use. 

Dole (26) in 1906, published a report on the use of fluorescein 

as a tracer in groundwater in France. More recent development of other 

fluorescent dyes offer the advantages of measurement by inexpensive 
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equipment. The dyes are generally non-toxic, chemically nonreactive, 

stable under adverse conditions of pH and temperature, detectable 

at concentrations as low as 0.02 ppb and their fluorescence is linearly 

related to dye concentration (25). 

The first large-scale application of fluorescent dye for water 

tracing in this country was a mixing and circulation investigation by 

Carpenter (27). The diffusion and dispersion of rhodamine Bin 

Baltimore Harbor aided in determining the harbor's capacity to assimilate 

wastes. Since that time,many investigators have examined flushing rates 

of estuaries and the movement of inshore water and open seas with the 

aid of fluorescent tracers. 

Hydrological studies in which fluorescent dyes are used include 

time-of-travel, discharge, and turbulent dispersion and diffusion 

investigations. Buchanan {28) developed a method to determine the average 

velocity of rivers for the U. S, Geological Survey (USGS) by using the 

time-of-travel of rhodamine B, The time-of-travel from the Mobile River 

through Mobile Bay was surveyed by Story et~- (29). By injecting 

rhodamine WT into the river when it was near its peak annual flow, 

and following the dye plume, the time required for the dye to exit 

Mobile Bay was determined. 

By using a fluorescent tracer, the rate of flow or discharge can be 

quantified accurately without the need to measure a mean velocity, 

channel cross-sectional area or other dimensional characteristics. 

There are two ways of measuring the rate-of-flow of a water body: the 

total recovery method and the constant-rate-of-injection method. The 
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fonner method involves injecting a known quantity of dye and measuring 

the concentration of dye passing a downstream point as a function of 

time. The constant rate of injection method utilizes a steady equilibrium 

concentration of dye at a downstream point where lateral and vertical 

mixing is complete. 

Kilpatrick (30), using the constant-rate-injection technique and 

rhodamine_WT, evaluated the operational efficiency of meters, feed 

injectors, flumes, orifices, weirs, and other equipment common to the 

water and wastewater treatment field. 

The most common use of fluorescent tracers for ecological studies 

is for measuing turbulent mixing and dispersion. 0 1Conne}l and 

Walter (31), using a hydraulic model of San Francisco Bay, conducted 

a series of dye dispersion tests to determine the characteristics of 

the waste exchange rate. This information provided the basis for 

selecting waste treatment and disposal practices necessary to meet 

water quality requirements. 

In the coastal zone off Oshawa on Lake Ontario, Murthy {32) 

simulated the diffusion of an outfall. Using rhodamine Ba submerged 

dye plume was generated and surveyed fluorometrically by towing sampling 

booms at various depths. Horizontal diffusion profiles departed con-

siderably from calculated Gaussian distributions. The shore acted as 

a barrier to lateral diffusion, skewing the profiles to that side. 

Vertical concentration profiles corresponded closely with the Gaussian 

distributions having the same mean and standard deviation. 

Investigations in California indicated mean contact times in 

chlorine contact chambers at several sewage treatment plants varied from 
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30 to 80 percent of the theoretical detention times. Based on this 

work, Deaner (33) reported on a system for evaluating the hydraulic 

efficiency of chlorine contact chambers using rhodamine B. 

The die-off rate of coliforms from a sewage discharge into Lake 

Michigan was investigated by Zanoni et _tl. (34). In this study, a slug 

of primary effluent from a Milwaukee metropolitan area wastewater treat-

ment plant was tagged with rhodamine WT dye. A boat was used to follow 

the path of the fluorescent dye plume. Samples were withdrawn from 

the point of maximum dye concentration and analyzed by standard membrane 

filter techniques for total and fecal coliforms. The dye patch, measured 

with a fluorometer, was monitored for almost 12 hours in which time it 

moved from the point of discharge nearly one mile. The measured dye 

concentrations were used to calculate the theoretical dilution from the 

original discharge concentration of 6.7 mg/L. The initial coliform 

counts were in the range of 106 to 107/lOO ml. The coliform die-off 

rate was calculated as the decrease in coliforms over time adjusted 

for the effects of dilution, 

Several shortcomings in the experimental method used by Zanoni 

et _tl. (34) were obvious: 1) clearly improved membrane filter 

techniques for recovering the coJ;forrns were warranted, 2) only one 

study was cited (Foxworthy and Kneeling (50) to suggest that rhodamine 

WT would not have a harmful effect on the enteric bacteria. Foxworthy 

and Kneeling (50) demonstrated that 4 rng/L of rhodamine B for four 

hours had virtually no effect on total coliform mortality; and 3) 

although chlorination was stopped for five minutes during the time in 

which the fluorescent dye was injected, it was not clear whether the 
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dye patch was mixed with chlorine from previous or subsequent volumes 

of effluent. This complication would not only alter their analysis 

of the coliform die-off-rate, but might also dictate the appropriate 

method of coliform enumeration. 

Toxicology of Dyes 

The inhibitory effects of dyes on the growth of bacteria have been 

studied extensively, primarily in the interest of developing selective 

media for the purpose of isolation and differentiation of bacteria. 

Churchman (35) and Kline {36) first tested crystal violet and brilliant 

green on bacterial cultures. Endo used basic fuchsin in decolorized with 

sodium sulfite for the isolation of coliform organisms {37). Although 

modified since its development, this dye is still used for coliform 

analysis. 

Fung and Miller (37) examined the bacteriostatic effects of 42 

different dyes in various concentrations on 30 species of bacteria. 

The data indicated that gram-negative organisms exhibited greater 

resistance to the dyes tested, than gram-positive. The results also 

suggested that several dyes might have application for use in selective 

media. 

Methyl violet B medium inhibited the growth of~ coli cultures 

but allowed all Enterobacter cultures to grow. Further investigation 

into the usefulness of this dye in sanitary microbiology was recommended. 

Archer and Juven (38) examined the oxidative destruction of micro-

organisms by photosensitization as a possible alternative method for 

disinfection of water and sewage. Aerated sewage samples inoculated 
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with h coli were exposed to solar radiation in the presence of a dye 

sensitizer, methylene blue. The reaction consists of the combined 

action of visible light and oxygen on organic matter. The photo-

sensitizer absorbs some of the light-radiated energy which is then 

made available for the oxidation of organic matter. At dye concentrations 

of 5 mg/L of methylene b'lue in sewage, under direct sunlight, 1.3 x 109 

coliforms per 100 ml were destroyed in about 30 minutes. The bactericidal 

effect was attributed to oxidative destruction, rather than a dye 

sensitized inhibition of coliform growth. High levels of coliforms in 

primary treated sewage with 100 mg/L of methylene blue were incubated in 

the dark and only insignificant changes in coliform densities were 

observed after two hours. 

Takahashi et E.]_. (39) citing W. Harm reported that the susceptibility 

to visibJe radiation of h coli and other similar bacteria was dependent 

upon the ability of the organism to assimilate a dye which absorbed 

visible radiation and transferred the energy to the cell. 

A fluorescent dye is a material that, when exposed to light, instantly 

emits light, in all directions and of a longer wavelength than the 

absorbed light. Because compounds which absorb green light and emit 

red are rarely found in nature, the most commonly used tracers exhibit 

this property. In this way, interference due to background fluorescence 

is minimized. The most commonly employed fluorescent dyes are fluorescein, 

pontacyl brilliant pink, rhodamine B, and rhodamine WT. 

Fluorescein is not normally used to study open bodies of water due 

to its high photochemical decay rate and relatively high natural back-

ground level compared to the other dyes. It has been successfully used 
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to monitor the movement of groundwaters. It is not toxic at reasonable 

levels and has been used to determine blood circulation times in humans 

and rabbits (25). 

The dye pontacyl brilliant pink is used in certain circumstances 

because it has little affinity for solids, and it is not affected by 

salinity or pH level. Toxicity information is limited but no ill effects 

on human beings have been reported (25). 

Rhodamine B, used extensively in quantitative dispersion and mixing 

studies in both salt and fresh waters, was certified by the U. S. Food 

and Drug Administration (FDA) for use in drugs and cosmetics (45). The 

Public Health Service set forth general guidelines for the use of 

rhodamine Bin tracer studies of rivers, lakes and subsurface waters (40). 

Ten parts per billion, several orders of magnitude below the FDA toler-

ance level (0.75 mg per day), has been established as the maximum per-

missible concentration at potable water intakes. 

Webb et~- (41) studied the toxicological effects of rhodamine B, 

by intravenously injecting and orally feeding the dye to laboratory rats. 

Subcutaneous injections of dye solution in dosages ranging from 1 to 5 

ml per kilogram of body weight were found acutely toxic, while oral 

ingestion in food (one percent by weight) only inhibited the growth rate and 

enlarged the livers of the laboratory animals. As a consequence of this 

and other reports, rhodamine Bis no longer certified by the FDA as 

either a food or cosmetic coloring. 

Pritchard and Carpenter (42) found that trout survived more than 

two months in a 100 mg/L solution of rhodamine B. Panciera (43) re-

ported that concentrations greater than 1 mg/L were deleterious to 
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oyster larvae and eggs. There is also evidence of accumulation and 

physiologic damage to other aquatic organisms from large doses (44). 

It has been observed that fish in streams avoid areas of high dye con-

centration, but dead fish as a result of dye ingestion have never been 

reported. It is felt that fish are most likely repelled by the acetic 

acid solvent used in solutions of rhodamine B. The dye is reported not 

to reduce the dissolved oxygen level. 

In studies conducted by the U, S. Geological Survey, a panel of 

nine chemists evaluated the taste level of rhodamine B. All could detect 

the astringent taste in chlorinated tap water above 50 ppb, but none 

could detect it at less than 10 ppb (45). 

Rhodamine WT, the newest of the fluorescent dyes, is generally preferred 

by researchers and is routinely used in dispersion studies. Toxicity data 

are scarce, but the dye has been used to study blood circulation patterns 

in rats (45). The use of rhodamine WT and pontacyl brilliant pink is 

permitted by the Public Health Service as an alternative to rhodamine B 

under the same limitations (45). 

Citing earlier tests where rhodamine B was shown to be deleterious 

to oyster larvae and eggs at concentrations greater than 1 mg/L, 

Parker (46) examined the possibility that rhodamine WT would also have a 

detrimental effect on marine life. Oyster eggs and larvae in sea water 

were exposed to rhodamine WT for 48 hours at concentrations ranging from 

1 mg/L to 10 mg/L. No abnormalities developed. Salmon and trout smelt 

were subjected to 10 mg/L of dye for 17.5 hours and 375 mg/L for 3.2 

hours. Again, no mortalities or abnormalities were noted. Although all 

four fluorescent dyes are chemically reJated, each is a distinct chemical 
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entity. By analogy with other chemicals, it is believed that the 

structural difference between rhodamine B would tend to reduce the 

biological activity of the WT form (47). 

In dispersion studies, it is imperative that investigators account 

for all dye losses. Chemical oxidation of dye and physical sorption are 

two examples of losses. The effect of chlorine on the fluorescent 

intensity of rhodamine Band rhodamine WT was investigated by Deaner (48). 

At dye levels of 1 to 20 ppb and chlorine concentrations in the range of 

2 to 9 mg/L for a contact period of 5 hours, it was reported that chlorine 

had little effect on the fluorescent intensity of the two dyes. The 

fluorescence of rhodamine WT decreased approximately 0.6 to 1.8 percent. 

At chlorine levels in excess of 15 mg/L up to 50 mg/L, quenching of 

fluorescence was found to be nearly 40 percent. Although high 

chlorine residuals are not normally present in chlorinated effluents, 

extreme variations in residuals may be present at points of chlorine 

addition, Deaner (48) cautioned other researchers about adding dye 

where extremely high levels of chlorine are present. 



III. MATERIALS AND METHODS 

Accomplishment of the objectives of this study, described in the 

introduction, required the enumeration of fecal colifonns by several 

methods. Analyses required were the Most Probable Number (MPN) and the 

Standard Membrane Filter {Std-MF) procedures as prescribed in Standard 

Methods (1) and a Modified Membrane Filter (Mod~MF) {20) procedure 

designed· for improved recoveries of stressed fecal co 1 i forms. Twenty~ 

nine sets of samples were examined between July 10, 1978 and August 25, 

1978. 

Fecal Colifonn Isolation 

On June 26, 1978, a clarified sewage sample was collected at the 

Strouble's Creek Sewage Treatment Plant of the Blacksburg-VP! Sanitary 

Authority. The sample was diluted one thousand fold (10-3), filtered 

through a Millipore Type HC membrane filter (0.45 4m retention size), 

pl aced on MFC agar pl ates with a 1 actose agar overlay and incubated for 

five hours at 35°C. The Petri plates were then sealed in plastic bags 

and placed in a water bath and incubated at 44.5°C for an additional 

19 hours. Characteristic blue colonies were picked with a wire loop 

and inoculated into test tubes containing Jactose broth to check for 

gas fonnation. The fecal coliforms confirmed by gas accumulation in 

EC broth were next streaked onto MFC plates to assure their purity 

before they were streaked onto nutrient agar slants, Approximately 18 

hours before experimentals were conducted, inocula from the nutrient 

agar slant cultures were introduced into tubes of lactose broth to be 

used to supply organisms for the study, 

27 
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Stream Water 

The water used was con ected from Tom's Creek, in Montgomery 

County, Virginia, near the Glade Road Bridge. The stream water was 

used to more closely simulate the conditions one might encounter in 

the field uses of the dye, rhodamine WT. The stream water was placed 

in 1000 ml Pyrex beakers and covered with aluminum foil. Prior to use 

in the study, each beaker of stream water was sterilized by auto-

claving for 15 minutes at 15 psi, and 121°C. After sterilization, 

the water and pH concentrations of alkalinity and suspended solids 

were determined. Alkalinity and pH were measured using a Fisher pH 

Meter (Accumet Model 230, Fisher Scientific Co.). For suspended solids 

determinations, samples were filtered through glass-fiber filters (Type 

934H Whatman, Inc.), which had been dried in aluminum dishes at 103°C 

overnight and weighted with a precision balance (Model 410, Mettler 

Instrument Corporation). 

Fecal Coliform Enumerations 

For each of the three fecal coliform enumeration procedures, serial 

dilutions were required. Dilutions were made in sterile, glass, small-

mouth, milk-dilution bottles containing either 99 ml or 90 ml of auto-

clave-sterilized dilution water. Distilled water with 0.1 percent 

peptone was used. Dilutions ranged from 1:1 to 1:1,000,000 (10-6). A 

diagram showing the processes for fecal coliform tests used in this 

study is shown in Figure 1. The fecal coliform enumeration methods 

used are discussed in the following subsections. 
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Fecal MPN Procedure. The MPN procedure utilized in this research 

was the five-tube test. Both the presumptive and the confirmed tests 

were performed. The presumptive test was performed by making inoculations 

of 1.0 ml of the serial dilutions into tubes containing 10.0 ml of 

lactose broth (Baltimore Biological Laboratories) and inverted Durham 

tubes. The tubes were incubated at 35°C± 0.5°C for 48 hours in an 

incubator (Model 330, Napco). At the end of this period, those tubes 

exhibiting.gas formation were recorded as positive. The confirmed 

test was performed by placing a loopful (3 mm loop) from each positive 

presumptive tube into tubes containing 5.0 ml of EC broth (BBL) and 

an inverted Durham tube. The tubes were then incubated at 44.5° ± 0.2°C 

for 24 hours in a water bath {Magni Whirl, Blue H Electric Co.). Gas 

formation at the end of this period constituted the confirmed test for 

fecal coliforms. In no case were the confirmed tests negative. 

Statistical tables found in Standard Methods were used to determine 

fecal coliform concentrations. Aseptic technique was used throughout 

the tests. 

Fecal MF Procedures. Samples were analyzed by the Standard Membrane 
Filter Technique (Std-MF) and Modified Membrane Filter Technique {Mod-MF) 

for fecal coliforms. The laboratory apparatus used allowed six samples 
to be filtered simultaneously (Figure 2). The device had six, Gelman 

magnetic filter funnels (47 mm) and was connected to a vacuum pump (Thomas 

ScientificCo.). The membrane filters placed in the funnels were Millipore 

TypeHC. At least, two 10-mL replicates of each dilution were filtered 

ineach trial. When samples were filtered, and between filtrations, 

sterile distilled water was used to wash the sides of the filter 
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funnels. Control plates were prepared with the rinse water in each 

trial to assure that the wash was not contaminating filters. Between 

samples, the filter funnels were exposed to ultraviolet light for 10 

minutes. Following filtration, the filters were placed in tight 

fitting, 50-mm diameter Petri dishes containing 5 ml of MFC medium 

(BBL MFC broth, 1.5 Difeo agar, one percent MCB Rosolic acid in 0.2 N 

NaOH). The Petri dishes were placed in water-tight plastic bags (Nasca 

Whirl-Pak) and then into racks in a circulating water bath at 44.5°C 

(Masterline 2095, Forma Scientific Co.). They were incubated for 24 

hours at which time the blue colonies were counted. 

The Mod-MF technique for stressed-organism recovery was used as 

described by Rose et~ (20). The number of samp·le replicates was 

the same for this method as for the Std-MF. Petri dishes were pre-

pared with 2.0 ml of lactose agar overlay (lactose broth containing 

1.5 percent agar) on an MFG agar base. The agar overlay was placed 

on the MFC agar within one hour of placement of the membrane filters 

to minimize the diffusion of the selective medium through the lactose 

layer. After filtration, the membrane filters were placed in the Petri 

dishes, sealed in plastic bags, and incubated for five hours at 35°C. 

At this time, the plates were transferred to the 44.5°C water bath and 

incubated for an additional 19 hours. After this period, the blue 

colonies on the membrane filter were counted. Confirmations of fecal 

coliforms were performed randomly by selecting colonies and inoculating 

them into test tubes containing five ml of EC broth as in the procedure 

for confirmation in the MPN test, As with the MPN procedure, aseptic 

technique was used throughout the tests. 
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Dye Investigations 

The reactors for the first phase of the study were sterilized, 

1000 ml beakers containing 500 ml stream water. Dye was added to the 

various beakers to provide concentrations of 100, 500, and 1000 ppb, 

these being typical concentrations found when researchers perform 

plume studies in natural streams. Bacteria from inoculated lactose 

tubes were diluted l :10 to provide a supply of fecal organisms. From 

this supply, 0.5 ml was added to each beaker. Immediately after the 

coliforms were introduced into a reactor, a sample was withdrawn and 

diluted to 10-4. A 10 ml sample of this dilution was filtered for each 

MF test. Further dilutions were made for MPN analysis. The reactors 

were then stirred by a mechanical stirring apparatus for 30 minutes, at 

which time a final sample was withdrawn. The dilutions used for the 

final samples were the same as for the initial samples. 

Two trials were performed at each concentration of dye including 

the control with no dye, The control beaker contained bacteria but no 

dye and was included so that the relative degree of recovery without 

interference of the dye could be determined, 

Chlorine Investigations 

In the second phase of the study, experiments similar to the dye 

investigations were performed with chlorine and fecal coliforms, Fecal 

coliforms were exposed to chlorine for a period of 30 minutes and then 

enumerated. An attempt was made to maintain a chlorine concentration 

within a relatively narrow range, as a small variation in concentration 

caused major alterations in the number of organisms surviving the 30 minute 

contact time. The 1000-ml reactors were filled with 600 ml of stream 
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water. A 5.25 percent sodium hypochlorite solution (commercial bleach), 

diluted 1:100, was used as a stock. Approximately one ml of the 

diluted chlorine solution was added to give the approximate chlorine 

concentration desired. The reactor's contents were mechanically 

stirred for 30 minutes prior to the addition of fecal organisms to 

allow the chlorine to equilibrate with the stream water. At the end 

of 30 minutes, the free available and combined chlorine residuals 

were measured by the amperometric titration technique (1) and re-

corded. At this time, fecal coliforms from the cultured sample were 

diluted and injected into the reactor. After approximately 15 seconds 

of rapid stirring to evenly distribute the organisms in the reactor, 

the initial sample of organisms was removed and diluted 10-4 for 

enumeration by the three assay techniques. The reactor was allowed 

to stir slowly for 30 minutes more at which time the final sample 

was withdrawn and diluted for enumeration in peptone water. The 

chlorine residual of the reactor was then measured and recorded. 

Chlorine With Dye Investigations 

The third phase of this investigation considered the possible 

synergistic affects of chlorine with rhodamine WT dye on fecal coli-

forms. In these tests, desired amounts of dye and chlorine were added 

to beakers containing 600 ml of stream water. As in the previous 

phase, the reactor's contents were stirred slowly for 30 minutes before 

the organisms were introduced. Both free and combined chlorine resi-

duals were measured and recorded, The initial sample was withdrawn 

after approximately 15 seconds of rapid stirring and diluted for fecal 

coliform enumeration. After 30 minutes of contact with chlorine and 
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dye, the final sample was withdrawn for coliform enumeration by the 

same methods. After the coliforms were diluted in peptone water, the 

chlorine residual of the reactor was measured and recorded. 

Statistical Analysis of the Data 

Statistical calculations were done on a Texas Instruments TI-55 

programmable calculator. For graphical comparisons of data, equations 

for best·fit straight lines were calculated using the linear regression 

technique. Correlation coefficients were compared tor-test values 

for the degrees of freedom to determine the degree of certainty. Two 

sets of data that should have resulted in identical data point values 

were compared by the paired-t test. A two-tailed test for the predicted 

range of population mean was used to compare two groups of data whose 

mean values should be identical. Corrected and uncorrected confidence 

interval methods were used to analyze change. 



IV. RESULTS OF STUDY 

Overview 

The results are presented in five sections. Characteristics of 

the stream water are presented in the first section. In the next 

three sections, the effects of dye, chlorine, and a combination of 

the two agents, respectively are presented. Comparisons between 

assay techniques are presented in the final section, along with an 

evaluation of a tool to measure stress. 

Characterization of Stream Water 

Because several trials were performed with a single source of 

stream water, all physical and chemical parameters were not measured 

before each trial, but each time a new volume of stream water was 

collected, physical and chemical parameters were measured. The results 

are presented in Appendix Table A-1. Alkalinity, measured in tenns of 

CaC03, varied from 105 to 130 mg/L, with pH values between 7.6 and 

8.2. The suspended solids in the stream water ranged from 82 to 124 

mg/L. These suspended solids levels may not have been representative 

of this stream but may have increased temporarily as a result of soil 

erosion due to heavy rains or construction activities. The temperature 

of the stream water was measured before experimental trials, and it 

ranged from 25°C to 34°C. 

Dye Investigations 

Mean colifonn concentrations in the initial and final samples, 

expressed as organisms per 100 ml, were obtained from analysis of 

samples by the MPN technique and each MF technique. These data, along 
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with the dye concentrations, are presented in Table 1. Actual MF 

plate counts and MPN multiple tube fermentation counts are presented 

in Appendix Tables A-2, A-3 and A-4. 

For the purpose of graphical interpretations of the data in 

Table 1, the percent of fecal coliforms surviving a 30-minute contact 

time with the dye at various concentrations was calculated for each 

of the three enumeration techniques and is presented in Table 2. In 

the control trials where no dye was used, from 70 to 100 percent of 

the inoculated fecal coliforms were recovered from the stream water. 

For trials with dye, as few as 29 percent of the organisms survived, but 

in several trials greater than 100 percent were recovered. Figure 3 

shows graphical comparisons of percent fecal coliforms surviving 30 

minutes of contact with dye versus the concentration of dye, for each 

fecal coliform enumeration technique. The apparent relationship in 

each case is shown by the least squares regression line. It can be 

seen in Figure 3 that the dye appeared to have little or no effect on 

the recovery of fecal coliforms. 

Chlorine Ingestigations 

In an effort to determine a suitable level of chlorine which would 

kill some, but not all, of the coliforms in the reactors, five pre-

liminary trials were performed utilizing only the Std-MF procedure for 

enumeration. The actual plate counts for these preliminary trials 

are presented in Appendix Table A-5. The free and total chlorine 

residual concentrations are presented in Appendix Table A-6. Only two 

initial samples had a detectable amount of free chlorine (0.04 and 0.03 

mg/L). Total residuals ranged between 0.99 and 0.54 mg/L. A summary 
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TABLE 1 

LEVELS OF FECAL COLIFORMS RECOVERED BY MEANS 
OF THE THREE ASSAY PROCEDURES BEFORE 
AND AFTER 30-MINUTES EXPOSURE TO DYE 

Trial Dye Fecal Coliforms Qer 100 ml 
Number Concentration MPNa Std-MFb Mod-MFc (ppb) 

1 Initial 0 70x105 49x105 52x105 

Final 49xl0 5 35x105 43x10 5 

2 Initial 0 64x105 41xl0 5 48xl0 5 

Final 52xl0 5 36x105 48xl0 5 

3 Initial 100 49xl0 5 31x105 36x105 

Final 33xl0 5 15x105 34x105 

4 Initial 100 49xl0 5 36x105 43x105 

Final 49x10 5 26x10 5 22xl0 5 

5 Initial 100 70xl0 5 97x105 75x105 

Final 110x105 42xl0 5 53x105 

6 Initial 500 79x105 35x105 4lxl0 5 

Final 23x105 37x105 30x105 

7 Initial 500 110x105 38x105 38x105 

Final 70x105 42x10 5 34x105 

8 Initial 1000 49x10 5 36x105 50x105 

Final 33xl0 5 32xl0 5 28x105 

9 Initial 1000 64xl0 5 40x105 52xl0 5 

Final 52xl0 5 36x105 43x10 5 

a. Most probable number technique. 
b. Standard fecal coliform membrane filter technique. 
c. Modified fecal coliform membrane filter technique. 
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TABLE 2 

PERCENT FECAL COLIFORMS SURVIVING 
30 MINUTE CONTACT AT VARIOUS LEVELS OF DYE 

Trial 
Number 

Dye 
Concentration 

( ppb) 

Percent Fecal Coliforms Surviving 
MPNa Std-MFb Mod-MFc 

1 0 70 71 83 

2 0 81 88 100 

3 100 67 48 94 

4 100 100 72 51 

5 100 > 100 43 71 

6 500 29 > 100 73 

7 500 64 > 100 89 

8 1000 67 89 56 

9 1000 81 90 83 

a. Most probable number technique 
b. Standard fecal colifonn membrane filter technique. 

c. Modified fecal coliform membrane filter technique. 
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of these data, including the total chlorine concentrations, average 

fecal coliform counts per 100 ml of water determined by the Std-MF 

procedure and the percent survival, are presented in Table 3. It was 

found that there was an apparent 11threshold value 11 of chlorine at 

which (or below) no appreciable number of organisms was killed 

during the 30 minutes of exposure. For the three lowest chlorine 

levels (below 0.2 mg/l) fecal coliform survivals were 68, 65 and 94 

percent. In Trials 5 and 6 where the average total chlorine residual 

exceeded 0.3 mg/l, less than 5.2 percent of the microbes were recovered. 

The 11threshold value 11 of chlorine was estimated to be between 0.2 and 

0. 3 mg/L. 

After the 11threshold value 11 was approximated, initial and final 

samples were analyzed using the MPN technique and both MF techniques, 

to determine mean coliform concentrations (expressed as organisms 

per 100 ml) after exposure to chlorine. These data along with the 

initial and final combined chlorine residuals are presented in Table 4. 

Actual MF plate counts and the MPN multiple tube fermentation counts 

are presented in Appendix Tables A-7, A-8 and A-9. 

Chlorine residual measurements are provided in Appendix Table A-13. 

Free chlorine residuals were initially as high as 0.08 mg/l, with a 

mean concentration of 0.04 mg/l. In final samples, however, free residuals 

were detected in only four trials. The predominant chlorine species 

were of the chloramine form. Total residuals (free and combined) were 

between 0.20 and 0.48 mg/l. 

Table 5 shows the percent of fecal coliforms surviving a 30-minute 

contact time (calculated from data in Table 4) with the chlorine 
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Number 

1 Initiai 

Final 

2 Initial 

Final 

3 Initial 

Final 

4 Initial 
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5 Initial 

Final 
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TABLE 3 
LEVELS OF FECAL COLIFORMS RECOVERED BY 

MEANS OF THE STD-MF PROCEDURE BEFORE AND 
AFTER EXPOSURE TO CHLORINE 

Chlorine FC/100 ml 
Concentration Std-MFa ( mg/L) 

0.16 25xl05 

0.09 17xl05 

0.23 23xl05 

0.19 15xl05 

0.15 16xl05 

0.11 15xl05 

0.43 29xl06 

0.26 15xl05 

0.54 29xl06 

0.41 40xl01 

a. Standard Fecal Coliform Membrane Filter Technique. 

FC = Fecal Coliforms. 

Percent 
Survival 

68 

65 

94 

5.2 

.0014 



43 

TABLE 4 

LEVELS OF FECAL COLIFORMS RECOVERED BY 
MEANS OF THE THREE ASSAY PROCEDURES BEFORE 

AND AFTER EXPOSURE TO CHLORINE 

Trial Chlorine Fecal Colifonns ~er 100 ml 
Number Concentration MPNa Std-MFb Mod-MFc (mg/L) 

1 InitiaT 0.36 49x105 27x105 26x105 
Final 0.21 49x105 25x105 27x105 

2 Initial 0.42 17x105 27x105 29x105 
Final 0.26 40x102 20x102 30x102 

3 Initial 0.48 17x105 30x105 33xl05 
Final 0.28 13x102 36x101 82xl01 

4 Initial 0.45 17xl05 18x105 18x105 
Final 0.25 20 0 10 

5 Initial 0.36 23x105 20x105 25x105 
Final 0.21 ~ 24x104 82xl02 27x103 

6 Initial 0.38 3lx105 26x105 34x105 
Final 0.27 13x104 84x103 83x103 

7 Initial 0.39 46x105 36x105 37x105 
Final 0.27 28x103 96x102 13x103 

8 Initial 0.36 46x105 26x105 36x105 
Final 0.21 16xl05 50x104 75x104 

a. Most probable number technique. 
b. Standard fecal colifonn membrane filter technique. 
c. Modified Fecal coliform membrane filter technique. 
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TABLE 5 

PERCENT OF FECAL COLIFORM$ SURVIVING 
30 MINUTES CONTACT AT VARIOUS LEVELS OF CHLORINE CONCENTRATIONS 

Tri a 1 Average Percent Fecal Colifonns Surviving 
Number Chlorine MPNa Std-MFb Mod-MFc Concentration 

(mg/L) 

1 0.28 100 93 > 100 

2 0.34 0.24 0.074 0.10 

3 0.38 0.076 0.012 0.025 

4 0.35 0.0012 0.00056 

5 0.28 10. 0.41 1.1 

6 0.32 4.2 3.2 2.4 

7 0.33 0.61 0.27 0.34 

8 0.28 35 19. 21. 

a. Most probable number technique. 

b. Standard fecal coliform membrane filter technique. 

c. Modified fecal colifonn membrane filter technique. 
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concentrations. From an examination of the Std-MF results, the 11thres-

hold value 11 is still evident. In two trials where the average chlorine 

concentration was 0.28 mg/L, 93 and 19 percent of the fecal coliforms 

were recovered, but in trials where the average residual was greater 

than 0.32 mg/L, more than 99 percent were inactivated. Data from Table 

5 are plotted in Figures 4, 5 and 6, which compare the percent of fecal 

coliforms surviving 30 minutes of chlorine contact versus the concentration 

of average combined residual chlorine for each enumeration technique. 
-

The apparent relationship for each enumeration technique is represented 

by the least squares regression line. Linear regression calculations 

are found in Appendix Tables B-1, B-2 and B-3. The degrees of certainty 

for the correlation coefficients for these data were greater than 95 

percent, indicating the correlation given in each figure is favorable. 

Chlorine With Dye Investigations 

Mean coliform concentrations for initial and final samples, expressed 

as organisms per 100 ml, were obtained by analysis of samples using 

the MPN technique and the two MF techniques. These data, along with the 

initial and final combined chlorine residuals and reactor dye concen-

trations, are presented in Table 6. Initial fecal coliform counts 

were consistently near 30 x 105 per ml. Final recoveries were as low 

as 20 per 100 ml. The three dye concentrations were 10,100 and 500 ppb. 

Actual MF plate counts and MPN multiple tube fermentation counts are 

presented in Appendix Table A-10, A-11 and A-12; and chlorine residual 

measurements are presented in Appendix Table A-13. 

For the purpose of graphically comparing the data in Table 6, 

the percentages of fecal coliforms surviving a 30-minute contact time 
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Equation of Line: 
-Log S = 36.0lC - 9.554 
Degree of Certainty= 95% 
S = Percent of Fecal Coliforms Surviving 
C = Average Total Chlorine Residual (mg/L) 

0.1 0.2 0.3 0.4 
Average Chlorine Residual (mg/L) 

Figure 4. Relationship of Coliforms Recovered 
Following Chlorination to the Level 
of Chlorine When the MPN Assay Method 
Was Used. 
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FIGURE 5. Relationship of Coli forms Recovered 
Following Chlorination to the Level 
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Degree of Certainty= 95% 
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TABLE 6 

LEVELS OF FECAL COLIFORMS RECOVERED BY 
MEANS OF THE THREE ASSAY PROCEDURES BEFORE AND 

AFTER EXPOSURE TO CHLORINE WITH DYE 

Tri al Chlorine Dye Fecal Coliforms ~er 100 ml 
Number Concentration Concentration MPNa Std-MFb Mod-MFc (mg/1) ( ppb) 

9 Initial 0.41 10 13x105 2lxl0 5 25x105 

Final 0.29 54x10 3 25x103 22x103 

10 Initial 0.34 10 33x105 27x105 36x105 

Final 0.21 ~ 24xl0 5 12x105 18x105 

11 Initial 0.43 100 17x105 20x105 21x105 

Final 0.26 L 20 20 50 
12 Initial 0.41 100 22xl0 5 llx10 5 16x105 

Final 0.27 L 20 0 0 
13 Initial 0.34 100 23x105 50xl0 5 78x105 

Final 0. 21 16x105 20x104 62x104 

14 Initial 0.31 500 17x105 22xl0 5 28x105 

Final 0.20 ~ 24x104 16xl0 4 44x104 

15 Initial 0.38 500 33x105 37x10 5 37x105 

Final 0.24 94x103 33x103 43x103 

a. Most probable number technique. 
b. Standard fecal coliform membrane filter technique. 
c. Modified fecal colifonn membrane filter technique. 



Trial 
Number 

9 

10 

11 

12 

13 

14 

15 

50 

TABLE 7 

PERCENT FECAL COLIFORMS SURVIVING 
30 MINUTES CONTACT WITH VARIOUS LEVELS OF 

CHLORINE AND DYE 

Chlorined Dye Percent Fecal Coliforms 
Concentration Concentration MPNa Std-MFb ( mg/1) ( ppb) 

0.35 10 4.2 1. 2 

0.28 10 72. 46. 

0.34 100 0.0012 0.001 

0.34 100 0.00091 0 

0.28 100 70. 4.0 

0.26 500 14. 7.3 

0.31 500 2.8 0.89 

a. Most probable number techniques. 
b. Standard fecal coliform membrane filter technique. 
c. Modified fecal colifonn membrane filter technique. 
d. Average combined chlorine concentration. 

Surviving 
Mod-MFc 

0.88 

49. 

0.0024 

0 

8.0 

16. 

1. 2 
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with chlorine and dye at various concentrations were calculated and 

are presented in Table 7. The MPN recoveries clearly show the 

"threshold value". In Trials 10 and 13, 70 percent of the fecal 

coliforms survived an average chlorine residual of 0.28 mg/L. At 

0.34 mg/L of chlorine nearly 99.999 percent of the microbes were 

killed. Figures 7, 8 and 9 show comparisons of the percent of fecal 

coliforms surviving 30 minutes of contact with dye and chlorine versus 

the average combined residual chlorine concentration for each of the 

three fecal coliform enumeration techniques. The relationship is 

shown as the least squares lines for each enumeration technique. The 

degree of certainty for the correlations of data from Tables 9, 10, 

and 11 were 90, 90 and 95 percent, respectively. The calculations 

of the linear regressions and correlations are presented in Appendix 

Tables B-4, B-5 and B-6. 

One method of comparison was to pair samples subjected to chlorine 

and dye, to samples of similar chlorine concentrations from the chlorine 

tests. This comparison shows that the average recoveries from the 

chlorine with dye trials was higher. The log-t test for the Mod-MF 

results is included in Appendix Table B-7. The same comparison using 

the Std-MF and MPN techniques indicates that recoveries from chlorine 

and dye trials were greater than in the chlorine trials. 

From the data generated in chlorine investigations, using the 

Std-MF method, an equation for the percent fecal coliforms surviving 

30 minutes of contact versus the average chlorine concentration was 

mathematically determined. This equation was: 

-log S = 36.25 C - 9.165 

Where, S = percent fecal colifonns surviving 

C = average chlorine concentration, mg/L 
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Equation of Line: 
-Log S = 42.03C - 10. 96 
Degree of Certainty= 90% 
S = Percent of Fecal Colifonns 

C 
Surviving 
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FIGURE 7. Relationship of Coliforms Recovered 
Following Contact With Chlorine and 
Dye, to the Level of Chlorine When 
the MPN Assay Method Was Used. 
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Chlorine -chlorine 
and Dye---

Equation of Line: 
-Log S = 38.17C - 9.365 
Degree of Certainty= 90% 
S = Percent of Fecal Colifonns 

Surviving 
C = Average Total Chlorine 

Residual (mg/L) 

0 .1 0.2 0.3 

(See Figure 5) 

0 

0.4 
Average Chlorine Residual (mg/L) 

FIGURE 8. Relationship Between Colifonns Recovered 
Following Exposure to Chlorine and Dye 
to the Level of Chlorine When the Std-MF 
Procedure Was Used 
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Equation of Line: 
-Log S = 39.88C - 19.20 
Degree of Certainty= 95% 
S = Percent of Fecal Coliforms 

Surviving 
C = Average Total Chlorine 

Residua 1 (mg/L) 
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FIGURE 9. Relatiorship Between Coliforms Recovered 
Following Contact With Chlorine and Dye 
to the Level of Chlorine When the Mod-MF 
Assay Method Was Used. 
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By substituting selected chlorine concentrations into the equation, 

one can predict a percentage of coliforms surviving at that chlorine 

level. The chlorine concentrations selected were the measured values 

from the investigations of chlorine with dye (0.26, 0.28, 0.31, 0.34 

and 0.35 mg/L). By solving the equation the percent survivals were 

predicted (55, 10, 0.85, 0.69 and 0.03 percent). Each predicted percent 

survival was compared with a value measured in the laboratory for 

coliforms exposed to chlorine and dye. Although the measured percent 

colifonn survival derived from exposing the microbes to both agents 

averaged less than 40 percent of the predicted survival, no statistically 

significant difference between the two data groups was detected. The 

statistical analysis for this comparison is presented in Appendix Table B-8. 

The data obtained from perfonning the other two enumeration techniques 

were used to compare predicted coliform survivals after chlorine exposure 

to survival rates for exposure of the microbes to chlorine and dye. The 

computations for this comparison are not included herein, but no 

statistically significant difference between the data groups was found. 

Comparison of Enumeration Techniques 

Figure 10 compares fecal colifonn recoveries by the standard 

membrane filter procedure and the MPN procedure. Data plotted above 

the line of equality indicate higher recoveries by the assay technique 

given on the ordinate axis. Points below this line signify higher 

recoveries by the technique labeled along the abscissa. It can be 

seen from this graph that except where microbe levels were greater 

than 106 per 100 ml, recoveries with the Std-MF procedure were lower 

than the MPN values. 
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Figure 11 is a graphical comparison of fecal colifonn recoveries 

using the Mod-MF procedure and the MPN procedure. Between the values of 

105 and 107 colifonns per 100 ml. The data appear evenly distributed 

on both sides of the line of equality. Below 105 per 100 ml, most 

data points are below the line, suggesting higher recoveries were obtained 

by the MPN method in this range. Because the points plotted are closer 

to the line of equality than those in Figure 10, it can be concluded 

that the.Mod-MF procedure more closely approximated the MPN technique 

than the Std-MF method. 

Figure 12 presents a comparison of fecal colifonn recoveries using 

the Std-MF procedure and the Mod-MF technique. Again between 105 and 

107 colifonns per 100 ml, the two assay methods gave similar results. It 

can also be seen in this figure that below 105 colifonns per 100 ml, the 

Mod-MF technique gave slightly higher recovery values than the Std-MF method. 

The recovery techniques were compared to one another by using the 

data from Table 4. It was found that initial samples the MPN method 

yielded larger recoveries of fecal colifonns than the Std-MF method at 

the 0.12 level of significance; MPN results were greater than the Mod-MF 

results at a 0.39 level of significance; and, Mod-MF survivals exceeded 

Std-MF values at a 0.10 level of significance. Including both initial 

and final coliform titers from Table 4 (after exposure to chlorine), 

the recovery techniques were compared. It was found that MPN results 

exceed Mod-MF results which were greater than Std-MF values at a level 

of significance of 0.05. A summary of these comparisons is presented 

in Table 8, and the statistical calculations are provided in Appendix 

Tables B-9, B-10 and B-11. 
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TABLE 8 

STATISTICAL COMPARISONS OF THE THREE 
TESTING PROCEDURES FOR FECAL COLIFORM RECOVERY* 

Number of 
Comparison Samples 

Compared 

Initial Samples Only 

MPN with Std-MF 8 

MPN with Mod-MF 8 

Mod-MF with Std-MF 6 

Initial and Final Samples 

MPN with Std-MF 

MPN with Mod-MF 

16 

16 

Mod-MF with Std-MF 12 

Statistical 
Comparison 

MPN > Std-MF 

MPN > Mod-MF 

Mod-MF > Std-MF 

MPN > Std-MF 

MPN > Mod-MF 

Mod-MF> Std-MF 

Level of 
Significance at 
or Less Than 

0.12 

0.39 

0.10 

0.05 

0.05 

0.05 

* Comparison of results for fecal coliform recovery for results found 
in Table 4. 
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Measurement of Organisms Stress 

By comparing the results qf the enumeration techniques, one observes 

that when the organisms were not exposed to stress-causing agents, there 

was little difference in the recovery values obtained by each technique. 

However, when the coliforms were exposed to chlorine the enumeration 

techniques gave less similar results. In an effort to determine if 

any correlation existed between the stress on the coliforms and the 

presence of chlorine, ratios between the coliforms recovered by each 

enumeration procedure were calculated. These data are presented in 

Table 10. For initial samples, the mean MPN/Std-MF ratio was 1.24. 

For final samples, the mean ratio increased to 2.79. This is a 

statistically significant increase at the 0.01 level of significance. 

When the initial samples were compared to the final samples of the chlorine 

trials, the MPN/Mod-MF and the Mod-MF/Std-MF ratios also showed appreciable 

increases. The level of significance for this comparison of ratios was 

0.01 for MPN/Mod-MF and 0.10 for Mod-MF/Std-MF. Statistical analysis 

for the MPN/Std-MF ratios is presented in Appendix Table B-13. 

The ratios for initial and final samples of the dye investigations 

are provided in Table 9. The supposition was that if dye, like chlorine, 

stressed the coliforrns, a significant change in the recovery ratios would 

result. There was no significant change in the mean of the ratios. The 

mean Mod-MF/Std-MF ratio increased from 1.13 to 1.18. This was not a 

statistically significant change. The other two ratios decreased. A 

statistical analysis of the initial and sample ratios for the dye 

investigations is shown in Appendix Table 8-12. 
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TABLE 9 

RATIOS OF RESULTS FROM THE THREE FECAL COLIFORM 
ENUMERATION TECHNIQUES AT VARIOUS DYE CONCENTRATIONS 

Trial Concentration Ratio 
Number of MPNa/Std-MFb MPNa/Mod-MFc Mod-MFc/Std-MFb Dye (ppb) 

1 Initial 0 1.43 1.35 1.06 
Final 1.40 1.14 1. 23 

2 Initial 0 1.56 1.33 1.17 
Final 1.44 1.08 1. 33 

3 Initial 100 1.58 1.36 1.16 
Final 2.20 0.97 2.27 

4 Initial 100 o. 72 0.93 0. 77 
Final 2.62 2.08 1.26 

5 Initial 100 1. 36 1.14 1.19 
Final 1.88 2.23 0.85 

6 Initial 500 2.26 1. 93 1.17 
Final 0.62 0. 77 0.81 

7 Initial 500 2.89 2.89 1.00 
Final 1.66 2.06 0.81 

8 Initial 1000 1.36 0.98 1.39 
Final 1.03 1.18 0.88 

9 Initial 1000 1.60 1.23 1. 30 
Final 1.44 1. 21 1.19 

a. Most probable number technique. 
b. Standard fecal coliform membrane filter technique. 
c. Modified fecal coliform membrane filter technique. 
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TABLE 10 

RATIOS OF RESULTS FROM THE THREE FECAL COLIFORMS 
RECOVERY TECHNIQUES AT VARIOUS CHLORINE CONCENTRATIONS 

Average Ratio 
Number Chlorine MPNa/Std-MFb MPNa/Mod-MFc Mod-MFc/Std-MFb Concentration 

(mg/L) 

1 Initial 1.81 1.88 0. 96 
Final 0.28 1. 96 1. 81 1.08 

2 Initial 1. 22 1.14 1.07 
Final 0.34 3.50 2.33 1. 50 

3 Initial 0.57 0.52 1.10 
Final 0.38 3.61 1.59 2.28 

4 Initial 0.94 0.94 1.00 
Final o. 35 

5 Initial 1.15 0.92 1. 25 
Final 0.28 3.29 

6 Initial 1.19 0.91 1. 31 
Final 0.32 1. 55 1. 57 0.99 

7 Initial 1. 28 1. 24 1.03 
Final 0.33 2.92 2.22 1. 31 

8 Initial 1. 77 1. 28 1. 38 
Final 0.28 3.20 2.13 1. 50 

a. Most probable number technique. 
b. Standard fecal coliform membrane filter technique. 
c. Modified fecal coliform membrane filter technique. 
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TABLE 11 

RATIOS OF RESULTS FROM F~CAL COLIFORM RECOVERY PROCEDURES 
AT VARIOUS O:HLORINE AND DYE CONCENTRATIONS 

Average Dye Ratio 
Trial Chlorine Concentration MPNa/Std-MFb MPNa/Mod-MFc C b 
Number Concentration ( ppb) Mod-MF /Std-MF 

( mg/l) 

9 Initial 10 0.62 0.52 1.19 
Final 0.35 2.16 2.45 0.88 

10 Initial 10 1.22 0.92 1. 33 
Final 0.28 1. 94 1.36 1.42 

11 Initial 100 0.85 0.81 1.05 
Final 0.34 1.00 0.40 2.50 

12 Initial 100 2.00 1.38 1.45 
Final 0.34 

13 Initial 100 0.46 0.29 1.56 
Final 0.28 8.00 2.58 3.10 

14 Initial 500 0.77 0.61 1.27 
Final 0.26 1.50 0.55 2. 75 

15 Initial 500 0.89 0.89 1.00 
Final 0.31 2.85 2.14 1.33 

a. Most probable number technique. 
b. Standard fecal coliform membrane filter technique. 
c. Modified fecal coliform membrane filter technique. 
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Ratios of final samples showing chlorine stress were compared 

with the ratios of final samples for the chlorine with dye investigations. 

A small increase, from 1.71 to 2.00 in the mean Mod-MF/Std-MF ratio for 

the chlorine with dye tests was found, but no statistically significant 

difference in the two groups was found. A statistical analysis of Mod-MF 

to Std-MF ratios is presented in Appendix Table B-14. Statistical 

analysis of the other ratio groups yielded the same conclusion. 



V. DISCUSSION OF RESULTS 

Dye Investigations 

In the dye investigation trials, an effort was made to determine: 

1) if rhodamine WT was toxic to fecal coliforms and 2) if rhodamine 

WT subjected fecal coliforms to stress that interfered with their 

recovery and enumeration. 

Itcan be seen in Table 2 that during the two control trials (1 and 2) 

an average of only 80 percent of the microbes survived 30 minutes of 

contact with the stream water and mechanical stirring. It can also 

be seen that the variation in dye concentration was an order of magnitude 

(100 to 1000 ppb) while the percentage of coliforms surviving was in no 

case less than 29 percent of the initial values. 

Thedata given in Table 2 were plotted in Figure 3 to show the relation-

ship between dye concentration and coliform survival. For the results using 

MPN and Mod-MF procedures, a linear regression analysis of the coliform 

percent survival versus dye concentration relationship suggested that 

microbe recovery was inversely proportional to dye concentration. The 

percent survivals determined from the MPN and Mod~MF decreased approxi-

mately 3 and 1.4 percent, respectively, for each 100 ppb increase in 

dye. However, the analysis of the Std~MF data indicated that coliform 

survivals improved at the rate of 3 percent per 100 ppb increase in dye 

concentration. In all three cases, the degree of certainty for the 

correlations was less than 80 percent. It is likely, therefore, that 

rhodamine WT dye was not toxic to the organisms tested. 

66 
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Toxicity is usually more easily detected when the amount of chemical 

agent per bacterial cell is increased. So, if the trials had been 

performed with fewer coliforms (perhaps several orders of magnitude less) 

it is possible that some toxicity would have been noted. Also, by 

reducing the amount of dilution required for enumeration of the bacteria, 

the errors introduced through dilution could be reduced; and, it is likely 

that a smaller change in the percentage of surviving coliforms could be 

shown to oe statistically significant. 

Due to its statistical basis, the MPN procedure indicates little 

more than the order of magnitude of coliforms present in the reactor. 

From the 95 percent confidence intervals shown in Appendix Table A-2, 

MPN values can be seen to vary nearly an order of magnitude (e.g. from 

17 to 130 x 105 FC/100 ml). Before any relationship between dye con-

centration and mortality could be detected, the sensitivity of the 

coliform measurement technique probably would have had to vary less than 

a factor of ten. The 95 percent confidence intervals on each side of 

the mean colony counts for the membrane filter techniques would be 

smaller than those indicated for the MPN method. The standard deviations 

about the values obtained from the two membrane filter procedures are 

given in Appendix Tables A-3 and A-4. 

In order to assess the stress that may have occurred to the organisms 

during 30 minutes of contact with the dye, the ratios between the 

recovery techniques were examined. Other researchers (17) found that 

ratios between enumeration techniques were altered when environmental 

conditions, causing stress in coliforms, were changed. For instance, 

the ratio of Mod-MF results to Std-MF counts has been found to increase 

with an increase in physical parameters causing stress (49). One might 
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expect to see the ratio of these two enumeration techniques increase 

with increasing dye concentration. The ratios of Mod-MF results to 

Std-MF results are calculated in Table 9. The initial samples were 

compared to the final samples. The mean ratio for the dye exposure 

group (1.18) is larger than the before dye exposure group (1.13) by 

a very small margin. By using the 11F-test 11 with corrected degrees 

of freedom, one finds the value, zero, within the range of difference 

between means, at an 80 percent confidence level. Therefore, one can 

only conclude that the small change in the Mod-MF/Std-MF ratio is not 

statistically significant at this level. 

The MPN/Std-MF and MPN/Mod-MF ratios have also been found to 

increase with environmental stress (17). In the dye trials, these 

ratios decreased. Because there was no statistically significant alteration 

in the ratios of fecal coliform enumeration techniques, i.t can be concluded 

that rhodamine WT dye did not stress the fecal coliforms. 

Chlorine Investigations 

The five preliminary trials, reported in TabJe 3, were tmportqnt 

in determining the level of chlorine dosage to be used in the remainder 

of the trials. In these tria·ls, fecal coliforms were exposed to various 

levels of chlorine for 30 minutes and then enumerated. Free and combined 

chlorine residuals were measured before and after the contact time. Only 

two samples had a detectable free residual initially. No free chlorine 

was measured after the contact period. Only total chlorine concentrations 

were used in the analysis and they ranged between 0.09 mg/Land 0.54 mg/L. 

For comparison of the data, initial and final total residuals were averaged 

to provide a mean chlorine level present over the 30 minute period. 
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It can be seen in Trials 1, 2 and 3, that the percentages of colifonns 

surviving 30 minutes of contact were 68, 65 and 94 percent, at mean chlorine 

levels below 0.2 mg/l. These survivals are not significantly different 

from the percentages of organisms surviving in the control trials (1 and 

2) of the dye investigations (71 and 88 percent). When the average chlorine 

concentration was increased to 0.34 mg/l in Trial 4, 95 percent of the 

coliforms were killed. In Trial 5, when the mean chlorine residual was 

0.48 mg/l: 99.999 percent of the microbes were inactivated. The results 

of these trials indicated that a "threshold value" of chlorine was 

between 0.2 and 0.3 mg/l. Below this threshold value few colifonns were 

killed during the period of exposure. However, when this value was 

exceeded, fecal colifonn inactivation levels exceeded 95 percent. 

From the results of these preliminary trials, it was clear that 

chlorine (above the "threshold value") was lethal to the microbes. In 

Trial 5 only 400 FC/100 ml survived exposure to 0.48 mg/l of chlorine. 

The minimum number of organisms that could be accurately enumerated was 

approximately 200 FC/100 ml. For this reason, it was decided that the 

chlorine level in the reactors should approach this level, so as to kill 

approximately from 99 to 99.9 percent of the organisms. 

After the chlorine "threshold value" was established, Trials 1 

through 8 were performed using all three fecal coliform enumeration 

procedures. Although the average combined residuals varied no more than 

0.1 mg/l, the percent of organisms surviving the exposure varied from 

100 percent to less than 0.0001 percent (See Table 5). As a result, 

when the correlations between chlorine residuals and percent fecal coli-

fonn survivals are examined, it should be noted that the relationship is 
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very sensitive to the measured chlorine residual. The linear regressions 

for the data in Table 5, have correlations of 95 percent (see Appendix 

Table B-1, B-2 and 8-3). The linear regression equations were of the 

form: 

Where: 

y = mx + b 

y = -log S = The negative logarithm of the ratio of the 

final number of fecal coliforms per 100 ml 

to the initial number of fecal coliforms 

per 100 ml 

x = C = Average total chlorine residual (mg/l) 

m = Slope of the line 

b = y-intercept value 

For the purpose of this study, the equation was used in the following 

form: 

-log X = mC + b 

From the data in Table 4, the coefficients m and b were calculated 

for each enumeration technique and are shown on each respective figure. 

In sentence form, the equation says, the logarithm of the ratio of the 

organisms surviving 30 minutes of contact to the original number of 

organisms present in the reactor is inversely proportional to the 

concentration of total chlorine present. This equation applies only 

when the average total chlorine residual is above the "threshold value" 

and when the total chlorine residuals have little or no free available 

chlorine. 

Free and total chlorine residuals were measured initially and at the end 

of the experiments. In the analysis of the data, the initial and final 
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total residuals were averaged to produce a single number for ease of 

comparison. As can be seen from the results, in Table 4, the chlorine 

residuals dissipated approximately the same amount throughout each 

trial. 

A clarification of the word initial might be in order. In all 

three investigations, the initial sample was taken after the coliforms 

were briefly exposed to the chemical agent under consideration. For 

example, 1n the dye investigations, the dye was injected into the 

reactor, then the coliforms were introduced, the reactor was stirred 

rapidly, and then the coliform sample with withdrawn. Coliforms, there-

fore, were exposed to the dye for a period of 15 to 20 seconds in initial 

samples. The chlorine investigations and chlorine with dye investigations 

were conducted in the same manner. By comparing the coliform concentration 

in initial samples of the dye, chlorine and chlorine with dye investigations 

(See Tables 1, 4 and 6), one find that approximately the same number of 

organisms were present regardless of the chemical agent. Therefore, it 

is not likely that a significant number of fecal coliforms were killed 

during the first 15 to 20 seconds of exposure. 

The disinfecting power of chlorine can be neutralized by sodium 

thiosulfate; however, for several reasons thiosulfate was not used in 

these tests. It was not clear what effect thiosulfate might have had 

on the stressed organisms, organism recovery, or on the chemical nature 

of the dye used in these studies. The chlorine levels in the reactors 

were very low and the coliform samples were diluted into peptone water 

and immediately enumerated. With these considerations in mind, it was 

decided that the use of thiosulfate would only reduce the reliability 

of the results. 
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Not all of the data plotted in Figures 4, 5 and 6 fell along the 

best-fit line. This could be attributed to several variables in the 

testing arrangement. These variables included the suspended solids 

in the reactor, the pH of the stream water, the free available chlorine 

to which the coliform were subjected, and the number of organisms 

injected into the reactor initially. 

Other researchers have also shown that suspended solids in water 

will tend·to reduce the disinfecting power of chlorine (3). The two 

mechanisms by which this occurs are, a shielding effect of the 

organisms by the solids and the chlorine demand of the solids. 

It is well known that the pH of water affects the relative distribution 

of hypochlorous acid and hypochlorite ion, the two forms of free chlorine. 

Lower pH values favor the formation of hypochlorous acid, the more effective 

disinfectant. It is obvious that changes in the pH of the stream water 

would affect the distribution of hypochlorous acid and hypochlorite ion 

in the reactor and, as a result, coliform survival. The pH values varied 

between 8.0 and 8.2. It is not likely that this small change in pH 

would have seriously altered the disinfecting efficiency of the chlorine. 

When chlorine is added to water containing ammonia (a natural 

stream water in this case), the hypochlorous acid reacts with ammonia 

to form monochloramine and dichloramine. The rate of reaction and the 

relative amounts of chloramines formed is dependent upon the pH and 

temperature. Free chlorine residuals in water have a far greater 

disinfecting power than combined residuals. Many of the initial samples 

contained a small amount of free chlorine. It is likely that its superior 

disinfecting capacity would reduce the percent of organisms surviving 

below that which would have been predicted based on combined residuals 
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alone. This shortcoming was recognized prior to conducting these experiments, 

and an attempt was made to alleviate this inequality. The reactors were 

agitated for 30 minutes after chlorine addition to allow the free available 

chlorine to stabilize and react with the ammonia present. 

The chlorine investigations provide an example of how the ratios 

of enumeration techniques can be used to detect stress (See Table 10). 

The mean ratio of MPN results to Std-MF results for the initial samples, 

prior to chlorine exposure, was 1.24. This means the MPN results 

exceeded the Std-MF results by an average of 24 percent. When organisms 

were exposed to chlorine, the mean ratio increased to 2.79, thus 

indicating MPN values were greater than Std-MF values by 179 percent. 

The range of difference between the means was calculated using the 

corrected degrees of freedom. The means were found to be significantly 

different at the 0.99 level of confidence. This ratio analysis can be 

used to detect stress in fecal colifonn populations. 

The ratios of MPN/Mod-MF and Mod-MF/Std-MF results were analyzed 

by the same statistical technique, and the mean ratios for the initial 

samples were found to be significantly different than the ratios obtained 

from the chlorine studies at the 0.99 level of certainty. 

Chlorine With Dye Investigations 

The objectives of the chlorine and dye studies were as follows: 

1) to evaluate the possible synergistic effects of chlorine and 

rhodamine dye on fecal coliforms; and 2) to investigate organism 

stress and compare this stress to that of previous studies. 

It was concluded earlier that the percent survival of coliforms 

subjected to dye did not appear to be related to the dye concentration. 

On the other hand, the inference of the chlorine studies was that the 
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logarithm of the ratio of survivors to the original population was 

inversely proportional to the concentration of chlorine in the reactor. 

Therefore, it would seem logical that the chlorine with dye investigations 

would produce mortality plots similar to those of the chlorine results. 

Figures 7, 8 and 9 show the relationship between fecal coliforms sur-

viving contact with chlorine and dye, and the level of chlorine. These 

survival curves appear to be very similar to Figures 5, 6 and 7. 

Figur.e 8 shows survival lines for chlorine alone and chlorine with 

dye. It has been shown that dye alone did not affect coliform recoveries, 

but Figure 8 would seem inconsistent with this conclusion. The chlorine 

with dye line is shifted to the left, indicating that the chlorine residual 

"threshold value" at which logarithmic death begins was lowered when dye 

was added to the reactors. The shifted line would also suggest that fewer 

coliforms survived at any given chlorine concentration when dye was present. 

This incongruity in the data was tested by the following methods. 

The first method of comparing the two sets of results was to pair 

trials from the chlorine studies with trials from the chlorine and dye 

investigations. Trials with similar chlorine residuals were paired. A 

logarithmic paired-t test was used to statistically compare the two data 

sets. In three of the seven trials, the survivals were higher from the 

chlorinated reactor than the reactors with chlorine and dye. The stati-

stical analysis indicated practically no difference existed between re-

coveries after chlorine exposure and the recovery of organisms after 

exposure to chlorine and dye. 

A second method of comparing chlorine results with chlorine and 

dye survivals was used. The linear regressions equation for the percent 

of fecal coliforms surviving versus the average chlorine concentration 
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was calculated from the recoveries measured by the Std-MF method 

(See Appendix Table B-4). The measured levels of chlorine (0.26, 0.28, 

0.31, 0.34 and 0.35 mg/L) for Trials 9 through 15 were substituted into the 

equation. Solving the equation, the percentage of coliforms at the above 

chlorine levels were predicted to be 55, 10, 0.85, 0.69 and 0.03. The 

paired-t test was used to compare these predicted survival values to 

the measured survival levels in the chlorine with dye investigations 

(7.3, 4.0, ·o.89, 0.001 and 1.2 percent). In most cases the actual 

survivals from exposure to the two agents together were lower than the 

predicted survivals. Because the standard deviation was large, the 

sample t score (ts) was well below the value at the 0.20 confidence level. 

It can be concluded by this analysis that there was no significant 

difference in the survival curves for the chlorine investigations and 

those of the chlorine with dye investigations. 

The chlorine with dye trials were analyzed in the same manner as the 

chlorine data. It was detennined that the enumeration ratios Vqried 

similarly in each study. If the dye had caused stress, the enumeration 

ratios of final samples from the chlorine with dye studies would have 

been greater than the enumeration ratios of final samples in the chlorine 

trials. The mean Mod-MF/Std-MF ratio for 15 initial samples was 1.13, 

after chlorine exposure. This ratio increased to 1.71 whereas the 

average ratio for final samples taken in the chlorine with dye investi-

gations was 2.00. However, when the range of the difference in ratio 

means was calculated, with corrected degrees of freedom, the range 

included zero, at the 0.20 level. Thus, one can only be less than 80 

percent certain that dye caused an increase in the Mod/Std-MF values 

for chlorinated samples. 
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The mean ratio of MPN/Std-MF values for chlorine alone was 2.79. 

The average ratio for chlorine with dye exposure increased to 2.91. 

At an 80 percent confidence level, zero is within the range of 

difference in the means. For chlorine with dye trials, the MPN/Mod-MF 

ratio decreased to 1.58 from 1.94 in the chlorine trials, It was 

expected that all three of these ratios would increase significantly 

if the dye caused stress on the coliforms in addition to that created 

by chlorine alone. These data clearly do not indicate this expected 

result. It may, therefore, be concluded that rhodamine WT and 

chlorine did not stress fecal coliforms more than chlorine aJone. 

Comparison of Enumeration Techniques 

The results of the MPN work is compared to Std-MF results in 

Figure 10. It can be seen from the graph that below l06 fecal coliforms 

(FC)/100 ml, recoveries using the MPN method were greater than those 

using the Std-MF technique, When microbe counts were above 106 FC/100 ml, 

it was not apparent which technique gave improved recoveries. The data 

points above 106 FC/100 ml, are primarily initial-sample results (without 

toxic agent exposure) whereas the points at the Jower concentrations 

are final sample results. The two enumeration procedures, therefore, 

yielded simiJar results when the coliforms were in a non-hostile 

environment. When chemical agents were added, the MPN results exceeded 

the Std~MF results, 

This concept is statistically verified in Appendix Table B-9 and 

summarized in Table 8. For the chlorine investigation trials, the 

initial sample coliform enumerations were compared using the logarithmic 

paired-t test. It was found that the MPN results exceeded Std-MF 

results at a significance level of 0.12. When both initial and final samples 
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were included in the analysis the level of significance was less than 0.05. 

It can therefore be concluded that when fecal coliforms are enumerated with-

out being exposed to stress-causing agents, one can be 88 percent certain 

that MPN results will exceed Std-MF values. In the presence of chlorine 

one can be greater than or equal to 95 percent certain that MPN values 

will be larger than Std-MF values. 

Figure 11 provides a comparison of MPN values to Mod-MF values. 

In the range 105 to 107 FC/100 ml, the two methods produced similar 

coliform recoveries. As in Figure 10, the data points above 105 represent 

the initial samples, whereas the lower concentrations were obtained after 

the survivor microbes were exposed to chlorine. One deduces that for 

coliforms exposed to chlorine, the MPN counts will consistently be higher 

than coliform counts derived from the Mod-MF procedure. This deduction 

is statistically proven in Appendix Table B-10 and summarized in Table 8. 

For samples without stress-causing agents, one can only be 61 percent certain 

that MPN levels will exceed Mod-MF plate counts. When coliforms are 

exposed to chlorine, one can be 95 percent certain that Mod-MF results 

will be less than MPN values, 

Graphical and statistical comparison of the Mod-MF and Std-MF results 

were similar in nature to the previous comparisons. Figure 13 shows 

that, when the coliforms were in contact with chlorine, the Mod-MF 

test produced greater values than the Std-MF. For samples without 

chlorine exposure, the difference in recovery methods was not obvious. 

However, statistical analysis indicated that the Mod-MF survivals were 

greater than the Std-MF counts at the 0.10 level of significance. For 

the chlorine exposure group, Mod-MF va]ues exceeded Std-MF results at 

the 0,05 JeveJ of significance, 



VI. SUMMARY AND CONCLUSIONS 

A study was conducted to determine the effects of rhodamine WT dye 

and chlorine on the recovery of fecal coliforms in stream water under 

various conditions. Three different techniques were used for fecal 

coliform enumeration: the MPN, Std-MF and Mod-MF procedures. Based 

on the results of this study, the following conclusions can be made: 

1. For non-chlorinated samples, MPN values exceeded Std-MF values 

by an average of 24 percent. The MPN results were approximately 

10 percent higher than the Mod-MF values. The paired-ttest was 

used to analyze the differences in the data groups. The degree of 

certainty that MPN values exceeded Mod-MF and Std-MF results 

was only 60 and 88 percent, respectively. 

2. The number of fecal coliforms recovered from chlorinated 

samples by the Std-MF procedure was 75 percent less than those 

recovered by the MPN method. The Mod-MF values were 48 percent 

less than the number of organisms recovered by the MPN technique. 

A statistical analysis of the data indicated that the degree 

of certainty that MPN values exceeded Mod-MF and Std-MF results 

was 95 percent. 

3. Exposing fecal coliforms in stream water to 100 to 1,000 ppb 

of rhodamine WT dye for 30 minutes did not inhibit the recovery 

or enumeration of the organisms by any of the assay methods. 

4. The number of coliforms that survived exposure to chlorine 

and dye was not significantly different from the number surviving 

contact with chlorine alone. 
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APPENDIX TABLE A-1 

Physical & Chemical Parameter Measurements 
of Stream Water 

Total 
Trial Suspended pH Alkalinity 

Number Solids (mg/L) (mg/Las CaC03) 

Dye Investigations 

1,8 103 7.8 116 

2,9 124 8.1 116 

3 87 7.6 105 

4,5 87 7.6 109 

6,7 82 8.2 120 

Chlorine and Chlorine With 
Dye Investigations 

1,2,3,11 107 8.2 114 

4,5,12,14 110 8.1 120 

6,7,8,9,10, 110 8.0 130 
13,15 

83 

Temperature oc 

29 

27 

29 

31 

30 

34 

28 

31 
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APPENDIX TABLE A-2 

MPN Determinations 

Positive Tubes (of 5) 
Trial Oil uti on MPN (FC/100 ml) 
Number 1 :104 l :10 5 1:10 6 Rangea Average 

1 Initial 5 2 1 23 to l 70xl0 5 70xl0 5 

Final 5 2 a 17 to 130x105 49xl0 5 

2 Initial 5 3 0 25 to 190x105 79xl0 5 

Initi a 1 5 2 0 17 to 130xl0 5 49xl0 5 

Final 5 0 l 11 to 89x105 3lxl0 5 

Final 5 l a 11 to 93xl0 5 33xl0 5 

3 Initial 5 2 0 17 to 130x105 49xl0 5 

Final 5 l 0 11 to 93xl0 5 33xl0 5 

4 Initial 5 2 0 17 to 130xl0 5 49xto 5 

Final 5 2 0 17 to 130xl0 5 49xl0 5 

5 Initial 5 2 l 23 to 170xl0 5 70xl0 5 

Final 5 3 1 31 to 250xl0 5 110x105 

6 Initial 5 3 a 25 to l 90x 105 79x105 

Final 5 0 0 7 to 70x105 23xl0 5 

7 Initial 5 3 ,1 31 to 250x105 110x105 

Final 5 2 l 23 to 170x105 70xl0 5 

8 Initial 5 2 0 17 to 130x105 49x105 

Final 5 l 0 11 to 93x105 33x105 

9 Initial 5 2 0 17 to 130xl0 5 49x105 
Initial 5 3 0 25 to 190xl0 5 79xl0 5 

Final 5 2 1 23 to 170x105 70xl0 5 

Final 5 l 0 11 to 93xl0 5 33xl0 5 

a. 95% confidence interva 1. 



Trial 
Number Dilution 

1 Initial 1: 104 
Final 1:104 

1 Initial 1: 104 
Final 1:104 

3 Initial 1: 104 
1: 105 
1: 106 

Final 1: 104 
1:105 
1:106 

4 Initial 1: 104 
1: 105 

Final 1:104 
1:105 

5 Initial 1:104 
1 :105 

Final 1: 104 
1:105 

6 Initial 1: 104 
Final 1: 104 

7 Initial 1: 104 
Final 1: 104 

8 Initial 1 :104 
Final 1: 104 

1: 105 
9 Initial 1 :104 

Final 1: 104 
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APPENDIX TABLE A-3 

Standard MF Plate Counts 

Counts Of 
Replicate Plates 

49; 49 
45; 25; 36 
48; 43; 33 
35; 47; 27 
31 
5 
0 

15 
3 
0 

40; 33 
4 

23; 30 
5 

86; 109 
9 

41; 43 
6 

36; 36; 32 
34; 38; 38 
40; 38; 36 
39; 49; 47 
38; 34 
34; 27; 36 
3 

35; 37; 49 
47; 31; 31 

Colonies Per 10 ml 
Mean Std. Deviation 

49 0 
35 10 
41 8 
36 10 
31 
5 
0 

15 
3 

37 5 
4 

27 5 

97 16 
9 

42 1 
6 

35 2 
37 
38 2 
42 5 
36 3 
32 5 
3 

40 8 
36 9 



Trial 
Number Dilution 

1 Initial 1 :104 
Final 1:104 

2 Initial 1 :104 
Final 1: 104 

3 Initial 1 :104 
1: 105 
1: 106 

Final 1 :104 
1: 105 
1: 106 

4 Initial 1 :104 
1 :105 

Final 1 :104 
1: 105 

5 Initial 1: 104 
1 :105 

Final 1 :104 
1: 105 

6 Initial 1 :104 
Final 1: 104 

7 Initial 1: 104 
Final 1: 104 

8 Initial 1 :104 
Final 1 :104 

1 :105 
9 Initial 1: 104 

Final 1: 104 
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APPENDIX TABLE A-4 

Modified MF Plate Counts 

Counts Of 
Replicate Plates 

48; 49 
43; 37; 45 
36; 36; 47 
56; 43; 46 
36 
5 
2 

34 
4 
1 

45; 41 
6 

22; 22 
5 

62; 88 
10 
56; 49 
4 

37; 40; 46 
22; 38; 29 
37; 31; 45 
26; 39; 38 
51; 50 
36; 19; 29 
4 

54; 50 
37; 48; 45 

Colonies Per 10 ml 
Mean Std. Deviation 

48 1 
42 4 
43 6 
48 7 
36 

34 

43 3 

22 0 

75 18 

53 5 

41 5 
30 8 
38 7 
34 7 
50 1 
28 9 

52 3 
43 6 



Trial 
Number Dilution 

1 Initial 1 :104 

Final 1: 10° 
1: 101 

1: 102 

1: 103 
2 Initial 1: 104 

Final 1: 101 
1: 102 
1: 103 

3 Initial 1 :104 
Final 1: 101 

1 :102 

1: 103 

4 Initial 1: 104 
Final 1: 101 

1: 102 

1: 103 

5 Initial 1: 104 
Final 1: 101 

1 :102 
1: 103 
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APPENDIX TABLE A-5 

Standard Plate Counts 

Counts Of 
Replicate Plates 

24; 24; 17 
TNTC 
TNTC 
TNTC 

161; 164; 185 
25; 19; 25 

TNTC 
TNTC 

152; 156 
15; 13; 21 

TNTC 
TNTC 

162; 132 
289; 294 

TNTC 
TNTC 

159; 150 
289; 294 

2; 5; 2 
O; 0 
O; 0 

FC/10 ml 
Mean Std. Deviation 

25 2 

170 13 
23 3 

154 3 
16 4 

147 21 
291 4 

154 6 
292 4 

3 2 
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APPENDIX TABLE A-6 

Chlorine Concentration Measurements 

Chlorine Concentration (mgLL} 
Trial Initi a 1 Final 
Number Free Residual Total Residual Free Residual Total Residua 1 

1 0.04 0.16 0.00 0.09 

2 0.03 0.23 0.00 0.19 

3 0.00 0.15 0.00 0.11 

4 0.00 0.43 0.00 0.26 

5 0.00 0.54 0.00 0.41 
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APPENDIX TABLE A-7 

MPN Determinations 

Positive Tubes {of 5} 
Trial Dilution MPN {FC/100 ml) 

1:11:101:10 2 1:103 1:104 1:105 1:106 Number Range a Average 

1 Initial NRb NR NR NR 5 2 0 17 to 130x105 49xl05 
Final NR NR 5 5 5 2 0 17 to 130xl05 49xl05 

2 Initial NR NR NR NR 4 1 0 5 to 46xl05 17xl05 
Final NR. NR 1 l 0 0 NR L 5 to 110xl02 40xl02 

3 Initial NR NR NR NR 4 l 0 5 to 46xl05 17xl05 
Final 4 0 0 0 NR NR NR 3 to 31xl02 13xl02 

4 Initial NR NR NR NR 4 1 0 5 to 46xl05 17xl05 
Final 1 0 0 0 NR NR NR L 5 to 70 20 

5 Initial NR NR NR NR 5 0 0 7 to 70xl05 23xl05 
Final 5 5 5 5 NR NR NR ~24x104 

6 Initial NR NR NR NR 5 0 1 11 to 89xl05 3lxl0 5 
Fina·l NR NR 5 5 4 0 NR 3.5 to 30xl04 13x104 

7 Initial NR NR NR NR 5 1 1 16 to 120x105 46x105 
Final NR NR 5 4 3 0 NR 9 to 85x103 28x103 

8 Initial NR NP. NR NR 5 l l 16 to 120xl05 46xl05 
Final NR 5 5 5 4 NR NR 6.4 to 58x105 16xl05 

a. 95:i Confidence Interva 1. 
b. Not Run. 



Tri al 
Number Dilution 

1 Initial 1 :104 
Final 1: 102 

1 :103 
2 Initial 1: 104 

Final 1 :102 
1:103 

3 Initial 1 :104 
Final 1 :10° 

1: 10 
1 :102 

4 Initial 1 :104 
Final 1 :10° 

1 :10 
1: 102 

5 Initial 1 :104 
Final 1 :10° 

1: 10 
1: 102 

6 Initial 1 :104 
Final 1: 10 

1: 102 
1: 103 

7 Initial 1:104 
Final 1 :10 

1 :102 

1 :103 
8 Initial 1 :104 

Final 1: 10 
1 :102 
1 :103 

* Too Numerous to Count. 
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APPENDIX TABLE A-8 

Standard MF Plate Counts 

Counts Of 
Replicate Plates 

33; 20; 28 
TNTC* 

262; 248 
26; 24; 32 
2; 1; 4 
O; O; 0 

25; 30; 36 
38; 33 
0 
0 

16; 20 
0 
0 
0 

23; 17 
TNTC 

75; 90 
5; 7 

27; 26 
TNTC 

84; 85 
10; 14 
37; 35 

113; 79 
14; 7 
1; 1 

26; 27 
TNTC 
TNTC 

49; 50 

Colonies Per 10 ml 
Mean Std. Deviation 

27 5 

255 9 
27 4 
2 2 

30 6 
36 4 

18 3 
0 

20 4 

82 11 

26 1 

84 1 

36 1 
96 24 
10 5 
1 0 

26 1 

50 1 



Trial 
Number Dilution 

1 Initial 1 :104 
Final 1: 102 

1 :103 
2 Initial 1 :104 

Final 1:102 
1:103 

3 Initial 1: 104 
Final 1: 10° 

1: 101 
1: 102 

4 Initial 1 :104 
Final 1 :10 0 

1: 101 
1: 102 

5 Initial 1 :104 
Final 1: 101 

1: 101 

1: 102 
6 Initial 1 :104 

Final 1: 101 
1:102 
1 :103 

7 Initial 1 :104 
Final 1 1 :10 

1 :102 
1: 103 

8 Initial 1: 104 
Final 1: 101 

1: 102 
1: 103 

* Too Numerous to Count. 
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APPENDIX TABLE A-9 

Modified MF Plate Counts 

Counts Of 
Replicate Plates 

23; 31; 25 
TNTC* 

254; 290 
27; 28; 34 
1; 6; 1 
O; 1 

35; 30; 34 
38; 126 
0 
0 

18; 19 
1 
0 
0 

25 
TNTC 

217; 280 
24; 30 
26; 27 

TNTC 
84; 85 
10; 14 
39; 34 

123; 130 
16; 19 
1; 2 

36; 35 
TNTC 
TNTC 

76; 74 

Colonies Per 10 ml 
Mean Std. Deviation 

26 4 

272 25 
30 4 
3 3 
1 

33 3 
82 62 

18 1 
1 

25 0 

248 45 
27 4 
26 1 

84 1 
12 3 
37 4 

126 5 
18 2 
2 1 
36 1 

75 1 
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APPENDIX TABLE A-1.0 

MPN Determinations 

Positive Tubes (of 5} 
Trial Dilution MPN (FC/100 ml} 

1:1 1:10 1:102 1:103 1:104 1:105 1:106 Number Rangea Average 

9 Initial NRb NR NR NR 4 0 0 3 to 31xl05 13xto5 
Final NR 5 5 2 0 NR NR 18 to 140x103 54x103 

10 Initial NR NR NR NR 5 1 0 11 to 93xl05 33x105 
Final NR 5 5 5 5 NR NR ~24x105 

11 Initial NR NR NR NR 4 1 0 5 to 46x105 17xl05 
Final 0 0 0 0 NR NR NR L5 to 70 L20 

12 Initial NR NR NR NR 4 2 0 7 to 67x105 22x105 
Final 0 0 0 0 NR NR NR L 5 to 70 L20 

13 Initial NR NR NR NR 5 0 0 7 to 70x105 23x105 
Final 5 5 5 4 NR NR NR 6.4 to 58x104 16x104 

14 Initial NR NR NR NR 4 1 0 5 to 46x105 17x105 
Final 5 5 5 5 NR NR NR ~ 24xl05 

15 Initial NR NR NR NR 5 1 0 11 to 93 33xto5 
Final NR 5 5 3 0 NR NR 25 to 190 94x103 

a. 95% Confidence Interval. 
b. Not Run. 



Trial 
Number Oil ution 

9 Initial 1: 104 
Final 1: 10 1 

1: 102 
1: 103 

10 Initi a 1 1 :104 
Final 1: 101 

1: 102 
1: 103 

11 Initi a 1 1: 104 
Final 1: 10° 

1: 101 
1: 102 
1: 103 

12 Initi a 1 1 :104 
Final 1: 10° 

1: 101 

1: 102 
13 Initial 1: 104 

Final 1: 101 
1:102 
1: 103 

14 Initi a 1 1:104 
Final 1: 101 

1: 102 
1 :103 

15 Initi a 1 1 :104 
Final 1: 101 

1: 102 
1: 103 
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APPENDIX TABLE A-11 

Standard MF Plate Counts 

Counts Of 
Replicate Plates 

25; 17 
TNTC* 

21; 29 
3; 3 

30; 24 
TNTC 
TNTC 

135; 112 
20; 16; 23 
4; 1 
0 
0 
0 

14; 8 
0 
0 
0 

43; 58 
TNTC 
TNTC 

22; 18 
22; 23 

TNTC 
TNTC 

20; 12 
39; 35 

TNTC 
37; 29 
3; 2 

FC Per 10 ml 
Mean Std. Deviation 

21 6 

25 6 

27 4 

124 16 
20 4 
20 2 

11 4 
0 

50 11 

20 3 
22 1 

16 6 
37 3 

33 6 
2 1 



Trial 
Number Oil uti on 

9 Initial 1 :104 
Final 1: 10 l 

1 :102 
1: 103 

10 Initial 1: 104 
Final 1: 10 l 

1: 102 
1: 103 

11 Initial 1: 104 
Final 1: 10 O 

1: 10 l 
1: 102 
1: 103 

12 Initial 1 :104 
Final 1: 10° 

1 :10 l 
1 :102 

13 Initial 1 :104 
1: 10 l 
1: 102 
1: 103 

14 Initial 1 :104 
1: 101 
1: 102 
1: 103 

15 Initial 1 :104 
1 :10 l 
1 :102 
1 :103 

* Too Numerous to Count. 
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APPENDIX TABLE A-12 

Modified MF Plate Counts 

Counts Of 
Replicate Plates 

24; 27 
TNTC* 

24; 20 
3; 5 

35; 36 
TNTC 
TNTC 

165; 187 
24; 17; 21 
1; 3; 12 
0 
0 
0 

13; 18 
0 
0 
0 

74; 81 
TNTC 
TNTC 

66; 58 
29; 27 

TNTC 
TNTC 

42; 45 
34; 39 

TNTC 
40; 46 
9; 2 

FC Per 10 ml 
Mean Std. Deviation 

25 2 

22 3 
4 1 

36 1 

176 16 
21 6 
5 6 

16 4 
0 

78 5 

62 6 
28 1 

44 2 
37 4 

43 4 
5 5 
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APPENDIX TABLE A-13 

Chlorine Concentration Measurements 

Chlorine Concentration {mg/L) 
Trial Initial Final 
Number Free Residual Total Residual Free Residual Total Residual 

1 0.02 0.36 0.00 0.21 
2 0.04 0.42 0.00 0.26 
3 0.04 0.48 0.00 0.28 
4 0.08 0.45 0.00 0.25 
5 0.01 0.36 0.00 0.21 
6 0.02 0.38 0.00 0.27 
7 0.06 0.39 0.04 0.27 
8 0.04 0.36 0.02 0.21 
9 0.04 0.41 0.02 0.29 

10 0.02 0.34 0.00 0.21 
11 0.06 0.43 0.00 0.26 
12 0.06 0.41 0.00 0.27 
13 0.04 0.34 0.01 0.26 
14 0.03 0.31 0.00 0.20 
15 0.04 0.38 0.00 0.24 



APPENDIX TABLE B-1 

LINEAR REGRESSION ANALYSIS FOR -LOG 
PERCENT SURVIVAL OF FECAL COLIFORMS VERSUS 

AVERAGE CHLORINE CONCENTRATION USING 
THE STD-MF TECHNIQUE 

Average -Log 
Trial Chlorine Percent 
Number Concentration (mg/L) Survival 

. 1 0.28 0.033 
2 0.34 3.130 
3 0.38 3.920 
4 0.35 5.255 
5 0.28 2.387 
6 0.32 1.491 
7 0.33 2.574 
8 0.28 0.716 

Equation should be a straight line of the form 
y = Mx + b 
y = -Log S, -Log ratio of average fecal coliforms surviving 

to initial fecal coliforms 
m = Slope of the line 
x = c, average chlorine concentration (mg/L) 
b = y - intercept value 
Using a programmable Texas Instruments Tl-55 the linear 
regression analysis yields the values 

M = 36.25 b = -9.165 
with a correlation coefficient= 0.798 

For 8 samples, the rtest indicates a degree of certainty 
greater than 95 percent. 
The equation may be written: -Log S = 36.25 C - 9.165 

96 



97 

APPENDIX TABLE B-2 

LINEAR REGRESSION ANALYSIS FOR -LOG 
PERCENT SURVIVAL OF FECAL COLIFORMS VERSUS 

AVERAGE CHLORINE CONCENTRATION USING 
THE MPN TECHNIQUE 

Average 
Trial Chlorine 
Number Concentration (mg/L) 

.1 0.28 
2 0.34 
3 0.38 
4 0.35 
5 0.28 
6 0.32 
7 0.33 
8 0.28 

Equation of the form y = mx + b 
m = 36 .01 
b = -9.554 

-Log 
Percent 
Survival 

0.000 
2.628 
3.116 
4.929 
0.982 
1. 377 
2.216 
0.459 

y = -Log S, -Log, ratio fecal coliform surviving to 
initial fecal coliforms 

x = C, average chlorine concentration 
Correlation Coefficient= 0.837 

For 8 samples, the rtest indicates a degree of certainty 
greater than 95 percent 
The equation may be written: -Log S = 36.01 C - 9.554 
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APPENDIX TABLE B-3 

LINEAR REGRESSION ANALYSIS FOR -LOG 
PERCENT SURVIVAL OF FECAL COLIFORMS VERSUS 

AVERAGE CHLORINE CONCENTRATION USING 
THE MOD-MF TECHNIQUE 

Average 
Trial Chlorine 
Number Concentration (mg/L) 

1 0.28 
2 0.34 
3 0.38 
4 0.35 
5 0.28 
6 0.32 
7 0.33 
8 0.28 

Equation of the form y = mx + b 
m = 35.96 
b = -9.185 

-Log 
Percent 
Survival 

0.000 
2.985 
3.605 
5.255 
1. 967 
1.612 
2.468 
0.681 

y = -Log S, -Log, ratio fecal coliform surviving 
to initial fecal colifonns 

x = C, average chlorine concentration 
Correlation Coefficient= 0.808 
For 8 samples, the rtest indicates a degree of certainty 
greater than 95 percent 
The equation may be written: -Log S = 35.96 C - 9.185 



Trial 
Number 

9 
10 
11 
12 
13 
14 
15 
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APPENDIX TABLE B-4 

LINEAR REGRESSION ANALYSIS FOR -LOG 
PERCENT SURVIVAL OF FECAL COLIFORMS VERSUS 
AVERAGE CHLORINE CONCENTRATION (WITH DYE) 

USING THE STD-MF TECHNIQUE 

Average 
Chlorine Dye 

Concentration (mg/L) Concentration 
b 

0.35 10 
0.28 10 
0.34 100 
0.34 100 
0.28 100 
0.26 500 
0.31 500 

Equation of the form: y = mx + b 
m = 38.17 
b = -9.365 

-Log 
Percent 
Survival 

1.924 
0.338 
5.000 
5.041 
1.398 
1.138 
2.050 

y = -Log S, -Log, ratio of fecal coliforms surviving to initial 
fecal coliforms 

x = C, average chlorine concentration 
Correlation Coefficient= 0.731 
For 7 samples, the rtest indicates a degree of certainty greater 
than 90 percent. 
The equation may be written: -Log S = 38.17 C - 9.365 



Trial 
Number 

9 
10 
11 
12 
13 
14 
15 
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APPENDIX TABLE B-5 

LINEAR REGRESSION ANALYSIS FOR -LOG 
PERCENT SURVIVAL OF FECAL COLIFORMS VERSUS 
AVERAGE CHLORINE CONCENTRATION (WITH DYE) 

USING THE MPN TECHNIQUE 

Average 
Chlorine Dye 

Concentration Concentration 
(mg/L) (ppb) 

0.35 10 
0.28 10 
0.34 100 
0.34 100 
0.28 100 
0.26 500 
0.31 500 

Equation of the form: y = mx + b 
m = 42.03 
b = -10. 96 
y = -Log S 
X = C 
Correlation Coefficient= 0.714 

-Log 
Percent 
Survival 

1.382 
0.138 
4.929 
5.041 
0.158 
0.850 
1.545 

For 7 samples, the rtest indicates a degree of certainty greater 
than 90 percent. 
The equation may be written: -Log S = 42.03 C - 10.96 



Trial 
Number 

9 
10 
11 
12 
13 
14 
15 
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APPENDIX TABLE B-6 

LINEAR REGRESSION ANALYSIS FOR -LOG 
PERCENT SURVIVAL OF FECAL COLIFORMS VERSUS 
AVERAGE CHLORINE CONCENTRATION (WITH DYE) 

USING THE MOD-MF TECHNIQUE 

Average 
Chlorine Dye 

Concentration Concentration 
(mg/L) (ppb) 

0.35 10 
0.28 10 
0.34 100 
0.34 100 
0.28 100 
0.26 500 
0.31 500 

Equation of the fonn: y = mx + b 
m = 39.88 
b = -10. 20 
y = -Log S 
X = C 
Correlation Coefficient= 0.754 
For 7 samples, the rtest indicates a degree of certainty 
of 95 percent. 
The equation may be written: -Log S = 39.88 C - 10.20 

-Log 
Percent 
Survival 

2.056 
o. 311 
4.623 
4.903 
1.100 
0.803 
0.925 
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APPENDIX TABLE 8-7 

STATISTICAL ANALYSIS OF COLIFORM SURVIVAL FOR 
CHLORINE CONTACT VERSUS CHLORINE AND DYE CONTACT 

USING THE MOD-MF TECHNIQUE 

Trial Chlorine -Log Trial Chlorine Dye -Log 
Number Concentration% Survival Number Concentration Concentration% Survival 

(mg/L) (mg/L) ( ppb) 

4 0.35 5.255 9 0.35 10 2.056 
1 0.28 0.000 10 0.28 10 0.311 
7 0.33 2.468 11 0.34 100 4.623 
2 0.34 2.980 12 0.34 100 4.903 
8 0.28 1.612 13 0.28 100 1.100 
5 0.28 0.681 14 0.26 500 .804 
6 0.32 1.612 15 0.31 500 0.925 

Mean Difference= - 0.016 
Standard Deviation= 1.80 

ts= 5 = 0.016 = 0.003 50-. nr 1.80 -: tr 
For dF ~ 6 ts= 1.440 at 0.20 
Groups are not significantly different 
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APPENDIX TABLE B-8 

STATISTICAL ANALYSIS OF COLIFORM SURVIVAL FROM 
CHLORINE AND DYE CONTACT VERSUS PREDICTED SURVIVAL 
FROM CHLORINE CONTACT USING THE STD-MF TECHNIQUE 

Average 
Trial Chlorine Dye 
Number Concentration Concentration 

(mg/L) 

9 0.35 
10 0.28 
11 0.34 
12 0.34 
13 0.28 
14 0.26 
15 0.31 

Mean Difference= 0.392 
Standard Deviation= 1.276 

(ppb) 

10 
10 

100 
100 
100 
500 
500 

ts= 0.392 X r, = 0.813 
1.276 

-Log% 
Survival 

1.924 
0.338 
5.000 
5.041 
1.398 
1.138 
2.050 

Data sets do not statistically differ at 0.20 level. 

Predicted 
-Log% 

Survi va 1 

3.523 
0.985 
3.160 
3.160 
0.985 
0.260 
2.072 

.6 Log 

-1. 598 
-0.647 
1.840 
1.881 
0.413 
0.878 

-0.023 
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APPENDIX TABLE 8-9 

STATISTICAL ANALYSIS OF MPN AND STD-MF 
TECHNIQUES FOR CHLORINE INVESTIGATIONS 

Trial MPN* MPN LOG 

1 49x105 6.6902 
49x105 6.6902 

2 33x105 6.5185 
70x102 3.8451 

3 17x105 6.2304 
13x102 3.1139 

4 17x105 6.2304 
20 

5 23x105 6.3617 
14x104 5.3802 

6 3lxl0 5 6.4914 
13x104 3.1139 

7 46xl05 6.6628 
28x103 4.4472 

8 46x105 6.6628 
16x105 6.2041 

* Mean Fecal Colifonns/100 ml 
Mean Difference= 0.2627 
Standard Deviation= 0.4396 

STD-MF* STD-MF LOG 

27x105 6.4314 
25x105 6.3979 
27x105 6.4314 
2ox102 3. 3010 
30x105 6.4771 
36xl01 2.5563 
18x105 6.2553 

0 
20xl05 6.3010 
82xl02 3.9138 
26xl05 6.4150 
84x103 4.9243 
36x105 6.5563 
96x102 3.9823 
26xl05 6.4150 
50x104 5.6990 

ts= o-o = o = o.2627 r.::-x ~ 15 =2.314 
S - SD i rr,- 0.4396 D 

t 5 = 2.314 
t 0.05 (14) = 2.145 t 0.01 (14) = 2.977 

Means significantly different at 0.05 level. 

~ LOG 

0.2588 
0.2923 
0.0872 
0.5441 

-0.2467 
0.5576 

-0.0248 

0.0607 
1.4664 
0.0764 

-0.4559 
0.1065 
0.4649 
0.2478 
0.5051 
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APPENDIX B-10 

STATISTICAL ANALYSIS OF MPN AND MOD-MF 
TECHNIQUES FOR CHLORINE INVESTIGATIONS 

Trial MPN* MPN LOG 

. 1 49x105 6.6902 
49x105 6.6902 

2 33x105 6.5185 
70x102 3.8451 

3 17x105 6.2304 
13x102 3.1139 

4 17x103 6.2304 
20 1. 3010 

5 23x105 6.3617 
~ 24x104 5.3802 

6 31x105 6.4914 
13x104 5.1139 

7 46x103 6.6628 
28x103 4.4472 

8 46x105 6.6628 
16x105 6.2041 

* Mean Fecal Coliforms/100 ml 
Mean Difference= 0.1932 
Standard Deviation= 0.2694 

o - o ts = ----=--S 
o = -=--s X 

o o 
= 

MOD-MF LOG* 

26x10 5 

27x10 5 
29x10 5 
30x10 2 
33x10 5 
820 

18x10 5 

10 
25x10 5 
27x10 3 
34x10 5 
83x10 3 

37x10 5 

13Xl0 4 
36x10 5 

75x10 4 

a .1932 
0.2694 

MOD-MF LOG 

6.4150 
6.4314 
6.4624 
3.4771 
6.5185 
2.9138 
6.2553 
1.0000 
6.3980 
4.4314 
6.5315 
4.9191 
6.5682 
4.1004 
6.5563 
4.8751 

X 06 

t + 0.05 (15) = 2.131 t + 0.01 (15) = 2.947 

Means significantly different at 0.05 level. 

Dt. LOG 

0.2752 
0.2588 
0.0561 
0.3680 

-0.2881 
0.2001 

-0.0248 
a. 3010 

-0.0362 
0.9489 

-0.0401 
0.1949 
0.0946 
0.3468 
0.1065 
0.3291 

= 2.868 
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APPENDIX B-11 

STATISTICAL ANALYSIS OF MOD-MF TO STD-MF 
TECHNIQUES FOR CHLORINE INVESTIGATIONS 

Number MOD-MF* MOD-MF -LOG STD-MF* STD-MF -LOG 

1 26x103 4.4150 
27x103 4.4314 

2 29xl03 2.4624 
30 1.4771 

3 33x103 4.5185 
8.2 0.9138 

4 18x103 4.2553 
0 

5 25x103 4.3979 
270 2.4314 

6 34x103 4.5315 
830 2.9191 

* Mean Fecal Coliforms/100 ml 
Mean Difference= 0.1226 
Standard Deviation= 0.1698 

27x10 3 

25x10 3 

27x10 3 

20 
30x10 3 

3.6 
18x10 3 

0 
20x10 3 

82 
26x10 3 

840 

o - o ts= SD = o 
s 
o fn 

= 0.1226 
0.1698 V11 

= 2.395 

t 0.05 (10) = 2.228 t 0.01 (10) = 3.169 

Means significantly different at 0.05 level. 

4.4314 
4.3979 
4.4314 
1. 3010 
4.4771 
0.5563 
4.2553 

4.3010 
1.9138 
4.4149 
2.9243 

A LOG 

-0.0164 
Q.0334 
0.0310 
0.1761 
0.0414 
0.3575 
0.0000 

0.0969 
0.5175 
0.1165 

-0.0052 
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APPENDIX TABLE B-12 

STATISTICAL ANALYSIS OF RATIOS OF MPN/STD-MF 
TECHNIQUE FOR INITIAL SAMPLES VERSUS FINAL 

SAMPLES WITH DYE STRESS 

Ratios From Table 9 

for initial sample ratios 

n = 9 

x = 1.64 
. 

for final sample ratios 

n = 9 

x = 1. 59 
2 
~ = 1.052 1. = = 3.44 at 0.05 
sD2 

F test not passed 

SD= 0.613 

SD2 = 0.376 

SD= 0.598 

SD2 = 0.357 

By inspection because the difference in x for initial samples 

and x for final samples is only 0.05,means do not differ significantly 

at 0.05 level. 
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APPENDIX TABLE B-13 

STATISTICAL ANALYSIS OF RATIOS OF MPN/STD-MF 
TECHNIQUE FOR INITIAL SAMPLES VERSUS FINAL 

SAMPLES WITH CHLORINE STRESS 

Ratios From Table 10 . 

For initial sample ratios (low) 

Number of Samples n = 8 

Mean of Ratios x = 1.241 

Standard Deviation SD= 0.407 

Variance SD2 = 0.165 

For final sample ratios (high) 

n = 6 

x = 2.790 

SD= 0.847 

SD2 = 0. 718 

= 0. 718 
0.165 

= 4.349 

but 

t = 3.97 at 0.05' 

t = 7.46 at 0.01 
Values of F for degrees of freedom 

nH -1 = 5 and nL -1 = 7 

F = 7.46 for 0.01 level 

Because F test is not passed,calculate the corrected 

degrees of freedom. 
~2 

k = nH 
SD2 SD 2 - + _L 
nH nL 

dF - r K2 + 
- ~nH -1) 

dF = 6.73 

= 

-1 
{1-K)~ = 

(nL -1~ 
t = 3.55 

0. 718 
6 

0.718 0.165 
6 8 

= 0.853 

+ 



109 

APPENDIX TABLE B-13 

STATISTICAL ANALYSIS OF RATIOS OF MPN/STD-MF 
TECHNIQUE FOR INITIAL SAMPLES VERSUS FINAL 

SAMPLES WITH CHLORINE STRESS 
(Continued) 

Range of difference between means= 

x final - x initial 

= (2.790 -1.241) 

= 1.549 ± 1.307 

Range of means from 0.24 to 2.86 

Means are significantly different at 0.01 level 
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APPENDIX TABLE B-14 

STATISTICAL ANALYSIS OF RATIOS OF MOD-MF/STD-MF 
TECHNIQUE FOR FINAL SAMPLES WITH CHLORINE 
STRESS VERSUS FINAL SAMPLES WITH CHLORINE 

AND DYE STRESSES 

For chlorine stress samples 

n - 7 

n -1 = 6 
-x- = 1.707 

For chlorine and dye stress samples 

n = 6 

n -1 = 5 --x = 1. 997 

SDH2 -- 1.223 <:. F = 4.39 at 0.05 
sDL2 

For corrected degrees of freedom 

k = 0.812 
8 = 0.589 

0.812 
6 

dF = ~-r2 

0.664 
7 

~ -1 
+ (1-0.~89) 2J = 10. 26 

for dF = 10.26 t = 1.370 at 0.20 level 

SD= 0.815 

sD2 = o.664 

SD= 0.901 

sD2 = 0.812 

! (5 ( 0. 812) + 6 ( 0 664 )'-( l + -61)J t 
1.997 -1.707 ±L"..: 11 · j s ~ 

= 0.290 ± 0.709 

1.370 

The range of difference in the means of these ratios is -0.417 to 

0.996. Because this range includes 0, means are not significantly 

different at 0.2 level. 
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THE EFFECTS OF RHODAMINE WT AND 

CHLORINE ON THE RECOVERY OF FECAL COLIFORMS 

BY 

KENNETH E. VINSON 

(ABSTRACT) 

Fecal colifonns suspended in a natural stream water were exposed 

to rhodamine WT dye, chlorine and both in combination. Samples were 

analyzed for coliforms by three enumeration techniques. 

Statistical analyses of data by the paired-t test showed that 

for non-chlorinated samples no significant difference (0.10 level) 

was found between the recoveries by the three enumeration techniques. 

For chlorinated samples the standard membrane filter technique (Std-MF) 

yielded significantly lower recoveries (0.05 level) than the standard 

MPN procedure. A modified membrane filter technique employing a two-

layer agar and a five hour 35°C preincubation period (Mod-MF) was found 

to yield recoveries consistently greater (0.05 level) than the standard 

MF technique. 

The data showed that exposing fecal colifonns to 100 to 1,000 ppb 

of rhodamine WT dye for 30 minutes, did not inhibit the recovery or 

enumeration of the organisms by any of the three assay methods. 

The number of fecal colifonns that survived exposure to 0.2 to 

0.3 ppm of chlorine and 10 to 100 ppb of dye was not significantly 

different from the number enduring contact with similar concentrations 

of chlorine alone. 
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