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ABSTRACT

The pfocedures for preserving water samples are very useful
especially in bacteriological survey monitoring when the standard
immediate total colifofm test can not be performed at/or near the sample
site, or when time and temperature limitations for water sample storage

can not be met.

In this study, three preservative substances, including boric
‘acid 1.8% mixed with sodium chloride 1% (B-S), NYSDH-2 2.5%, and m-ST
2;5%, were used and determined for their ability to maintain coliform
density ip water samples. Samples collected from river and shallow
well were split, analysed for initial coliform count and stored at room
temperature (22°-34°C) with and without those préservative substances.
Then the total coliform density were analysed after 24, 48 and 72 hours

storage times by the multiple tube fermentation technique (MPN method).



iv

The results obtained from this study indicated that total
coliform densities in water samples from river and shallow well without
preservative substance declined significantly (P<0.01) from their initial
density after 24 hours. The using of B-S, NYSDH-2, and m-ST as preser-
vative substances can maintain coliform density in water samples with
no significant difference (P>0.01) among coliform contents of the water
samples stored with the preservatives even after 72 hours storage with
the initial density. In comparing the ability of those preservatives,
the mean density at storage time t and the initial density of each
preservative were examined. And it was found that B-S preservative
showed the best effective in preserving coliform density in shallow well
water; while in river water, NYSDH-2 preservative showed the best
effective. Furthermore, the different types of water with the different
chemical and physical properties were not found any effect on coliform
density in this experiment. This can be statéd,because rates and trends
of total coliform changes-in both types of water samples stored without

and with each preservative were almdst similar. -
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CHAPTER I

INTRODUCTION

1.1 State of Problem

~

In practical, a bacteriological examination of water is to
determine a sanitary quality of water by detection and enumeration of
indicator organisms, rather than of pathogens. The coliform group of
bacteria, as herein defined, is the principal indicator of a water for
domestic, dietetic, or other uses. The cultural reactions and

characteristics of this group of bacteria have been studied extensively.

Experience has established the significance of coliform density
inwater as a criterion of the degree of pollution and thus of sanitary
quality. The significance of the tests and the'interpretation of
results are well authenticated and have'been used as a basis for
standards of bacteriological quality of Qater supplies. The presence
of any coliform bécteria in finished drinking water renders the water.

potentially unsatisfactory and unsafe.

For bacteriological examination of water samples, the bacteriologist
worried about the reliability of the results obtained, when a sample is
analysed after storing it for some time. One has to strictly follow the
standard procedures laid down for their collection, storage, and dispatch
‘to the laboratory. Review to the early studies, different agencies
recommended different standards for the permissible storage time between.
collection and examination of the sample. The temperature at which they
are stored during transit and in the laboratory is also different. The
Bacteriological Examination of Water Supplies and European Standards (1)

recommended that the samples should be analysed as soon as possible or at



least within 6 hours after collection and that they should be iced during
the interval between collection and analysis. International Standards,
cited in Lonsane et al (1), recommended that the analysis should be
started within Thour after collection and there is no case should the
time exceed 24 hours. It was stated that during this period the
temperature of the sample should be maintained as close as possible

to that of the source of the sample at the time of sampling. Manual
of Methods for the Examination of Water, Sewage, and Industrial Waste
and Methods of Sampling and Test for Microbiological Examination of
Water used in Industry, cited in Lonsane et al (1),recommended that
the bacteriological analysis should be commenced as soon as possible.
In any case it should be aﬁalysed within 48 hours éfter coilection and

the samples should be iced during this storage time.

Recently, The American Public Health Association and The
Environmental Protection Agency stipulated in Standard Methods for
The Examination of Water and Wastewater (2) that all water samples,
potable, ambient, recreational, and wastewater should be analysed as
soon as possible after collection to avoid unpredictable changes. If
sample can not be processed within 1 hour after collection, they should
be iced or refrigerated and hold temperature of these samples below
10%¢ during a maximum transport time 6 hours. Refrigerate these
samples upon receipt in the laboratory and process within 2 hours.
However, current regulations permit drinking water samples to be
transporfed or held at ambient temperature up to 30 hours when sent

by mail or common carrier.
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It is impractical for the laboratories to serve large geographic

area, for distant sources of samples and there is no efficient mail or
other transport systems to comply with the current recommendation.
Therefore the methods for transportation water samples have to be
developed to reduce the obstruction in transportation such as the
limitation of time and ice-using. In this study, one of those methods,
chemical preservative substances that would have the ability to

maintain the bacterial densities have been ascertained.
1.2 Objectives

1.2.1 To determine the changes of coliform bacteria density
in water samples which were stored at room temperature by adding the
boric acid and sodium chloride, NYSDH-2 and m-ST chemical preservative

substances.

1.2.2 To compare the ability of those chemical preservative

substances in maintaining coliform density in water samples.
1.3 Hypothesis

1.3.1 Boric acid 1.8% and sodium chloride 1.0% (B-S) can
maintain coliform density in water samples longer than the water

sample without preservative substance (control).

1.3.2 NYSDH-2 2.5% can maintain coliform density in water
samples lohger than the water sample without preservative substance

(control).

1.3.3 m-ST 2.5% can maintain coliform density in water samples

longer than the water sample without preservative substance {control),

the



1.3.4 Boric acid 1.8% and sodium chloride 1.0% (B-S) can

preserve coliform densities longer than NYSDH-2 2.5% and m-ST 2.5%.

1.4 Definition of Terms

1.4.% Coliform bacteria comprises all aerobic and facultative

anaerobic, gram-negative, nonspore-forming, rod-shaped bacteria that
ferment lactose with gas formation within 48 hours at 35°C. - This

coliform group included of Escherichia coli, Enterobacter cloacae,

Enterobacter aerogenes, Citrobacter freundii. (3,4,5,6).

Escherichia Coli (E. coli) is grouped with the col?form
bacteria that ferment lactose gives acid and gas formation within 48
hours or less at both 37°C and 44°C. This strain of the coliform group
gives the IMViC reactions (-- + +), and it has been found quite commonly
in faecal. Because of its frequency of occurrence in faecal origin,

E. coli was considered faecal type. The presence of E. coli in water

supplies certainly indicates recent faecal contamination or contamination

with sewage, which from a - sanitary point of view is equivelent.

1.4.2 The Most Probable Number (MPN) (2,7) is an estimate of

the mean density of coliforms in the sample, that based on certain
probability formulas. This number obtained by recording the number of
positive tubes (gas formation) resulting from multiple-portion, decimal-
dilution plantings as the combination of positives and compute in terms
of the Most Probable Number. In this study the MPN values are recorded

by using the combination of positives from five fermentation tubes per

dilution in three decimal series of dilutions from the confirmed test.



1.4.3 NYSDH-2 is a transport medium developed by Toombs and

Conner (8), used for maintain pure culture of Enterobacter cloacae at

room temperature for at least 48 hours, and the samples do not requife
special handling or reconstitution. This transport medium consists of

sodium benzoate and buffer dilution water.

1.4.4 m-ST (a modified NYSDH-1 medium) is a holding medium of
delayed-incubation membrane filter proceduré ofr detection of faeacl
coliforms in water. This medium was developed by Chen and Hickey (9).

It consisted of NYSDH-1 plus 0.3% Tris, which was added to improve
buffering at pH 8.6. The composition of NYSDH-1 include sulfanjilamide,
ethanol (95%), potassium phosphate (dibasic), sodium phosphate (monobasic)

and distilled water.

1.4.5 B-S (1.8% boric acid and 1.0% Sodium chloride) is a solid
preservative substance, used by adding into water sample. It was
reported from the study of Poolsook Juntrpen (10) that B-S can maintain
ﬁhe number of coliform bacteria in water samples for 72 hours at room

temperature.



CHAPTER II

LITERATURE REVIEW

The studies of storage water sample on microbiological analysis
remain undetermined nearly one hundred years. Concern fof this problem,
it can be traced back to 1899 when Jordan and Irons (11) stated that
all experienced water analysis insist upon the desirability of plating
a sample of water immediately after collection. However it is generally
recognized that water samples collected for microbiological analysis
must be examined as>soon as possible because of the changes in the
bacterial densities that could occur owing to the chemical and physical

characteristics of the sample and interaction of the biota.

Many investigations have been reported, but basically different
in the conditions of the studies make comparisons difficult. Jordan (11)
observed a gradual decrease in bacterial densities of polluted waters
held at either ambient or refrigerator temperatures. Whipple (10)
indicated the result of water samples storage for the time interval 24-48
hours that at the beginning of time storage within 6 hours the number
of bacteria counts gradually declined and after that the numbers
extremely increase. He said that these events may be due to the charac-
teristics of typical water bacteria, and that their decline at the
beginning of storage time may be due to the unsuitable environment for
bacteria so that bacteria have to adapt themselves in that time interval.
Berry (12).reported that the number of colon group bacteria in samples
of ground water did not change materially in the first 48 hours after
collection regardless of whether the samples were kept at ordinary
temperature or packed in ice. He refered to albert, Hinman, and Jordan

(G.) in a study of the bacterial changes in un-iced water samples



attached considerable importance to the total number of bacteria and
suggested certain limits for the 20°C and 37°C counts oﬁ waters which
might be considered safe. The most significant statement in their
report, however, is that "gas producers" did not change materially in

samples held 72 hours at 20° and 37°.

Caldwell and Parr (13) compared coliform recovery from iced
and ambient well water samples held for various time periods and reported

that losses of 40-50 percent within a few hours at both temperatures.

The Public Health ﬁaboratory Service Water Subcommittee of Great
Britain (14) reported that storage for 6 hours at ambient temperature
was not always satisfactory, and by their standards, some sémples showed
significant changes after 6 hours in the refrigerator. Lonsane et al
(1) examined marginally polluted waters held at ambient (22°-39.5%%)
and refrigerator temperatures (00—100C) and reported that membrane
filter (MF) counts of coliforms from samples held up to 48 hours were
not significantly different from those found initially. However, it
was showed in the table that the geometric means of MF counts indicated

a 20 percent loss at refrigerator temperature in 24 hours and a 27

percent loss at ambient temperatures in 48 hours.

McFeters and Stuart (15) indicated that water samples collected
from various sources would have different rate of survival of faecal
coliform. These was due to physical and chemical characteristics of

water sources.



Standridge and Deifino (16) -proposed that the former present
of 30-hour limit for holding drinking water samples before analysis can
be extended to 48 hours. The basis for their proposal was that little
change occurred in MF and MPN coliform counts from samples analysed
after holding for 24 and 48 hours at ambient temperature. However,
initial coliform counts were not recorded, so changes that might have
6ccufred between 0 and 24 hours were not known. Therefore, there was

no basis for their conclusion.

McDaniels and Bordner (11) studied the effects of holding time
and ' temperature on coliform numbers in drinking water. Samples collected
from a municipal disfribution system were split, stored at ambient (22°C)
and refrigerator (5°¢) temperatures. They reported that colifrom
populations declined significantly at both temperatures after 24 hours.
The rate of decline was 2.5 orders of magnitude greater at 22°¢ than
at 50C. Average losses in 24 hours were 34 percent at 5°C and 87‘percent
at 22°c. But no significant changes were seen in samples held 6 hours.
Therefore, they reéommended that samples. should be iced ahd analysed

within 6 hours of collection to prevent changes in coliform counts.

McDaniels et al (17) recommended that drinking water samples
should be iced and be analysea as soon as possible on the day of
collection to minimize changes in bacterial densities. Based on the
results of their study, the coliform counts declined linearly over time
storage, and the r;tes of decline were significant at both 50 and 22°C

within 24 hours, at 220C, levels of E.cloacae and C.freundii decreased

47 and 26%, respectively, and at SOC, E.cloacae numbers declined 23%,.

Significantly, some samples with initially unacceptable counts (greater



than 4/100 ml) met the safe drinking water limits after storage at

24 hours at 5° and 22°C and would have been classified as satisfactory.

Many reports have approached water sample preservation by using
similar protocols. For the using of chemical preservatives, many
investigators have developed preservative media that should permit
survival of all bacteria for at least 24 hours within the temperature
ranges likely to be encountered while the sample is in transit to the
laboratory. Gray (18) suggested that to decrease the death rate of
coliform organisms, sodium thiosulphate was included in the 6 OZ.
storage bottles used by the concentration of 100 ppm. Porter and Brodie
(19) compared the results of bacteriological culture and microscopic
examination of urine sample transported over a distance by the dip-
inoculum transport medium, ice-box, and boric acid preservative with
"natural" urine speciments, showed that the last, in a final concentration

of 1.8% boric acid, gives satisfactory preservation.

Gray and Lowe (20) described a formate-glutamate medium containing

1.8% boric acid for preserving selected strains of E.coli and Kiebsiella

aerogenes for 7 to 10 days at room temperature. They used this technique
for preparing simulated water samples for proficiency testing in Great
Britain. During the course of their investigation; they examined a
number of preservative media using a most-probable-number technique for
enumerating the orgaﬁisms. In addition thgy noted fhat nutrient broth
with 1;8% boric acid maintained a stable cell number for an equivalent

length of time.

Brodsky et al (21) reported that a medium composed of nutrient

broth, 1.8% boric acid, and 1% sodium chloride at pH 7.0 was shown to

maintain the stability of E.coli cultures for up to 10 days at room

temperature.
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Toombs and Connor (8) developed two transport media, NYSDH-1
and NYSDH-2, for bacteriologj.cal water sample program. The media
maintained 88% viability of inoculated organisms for at least 48 hours,

and the samples do not require special handling or reconstitution.

Poolsook Juntrpen (10) studied the effects of many storage
methods on coliform numbers in water sample. Samples collected from
natural sources: river and shallow well, and the artificial sample were
stored with preservatives and without any preservative substances. She
indicated that MPN coliform of the artificial and the natural wate;
samples were stablé for 48 hours and 24 hours, respectively, at room
temperature without preservative substance. Aand by addiné 2% NYSDH-1
preservative, coliform numbers in the artificial sample, the Choa Praya
River sample and shallow wells samples were stable for 72 hours; but
those of water sample from Klong Prapa increased after 12 hours of time-
storage then decrease affer 24 hours. Based on the results of her study,
she concluded that the mixture of 1.8% boric acid and 1% sodium chloride
was the most effective in preserving coliform density; the MPN.both in

the artificial and natural water samples were stable for 72 hours (P> 0.05).

Chen and ﬁickey (9) compared three holding media including of
m-VFC, m-ST, and NSB for their ability to maintain viability of faecal
coliforms. They indicated that faecal coliform recovery with m-sT
holding medium (containing ethanol, sulfanilamide, and Tris (pH 8.6)
was significantly greater than recovery with m-VrC (containing vitamin-
free casein hydrolysate, sodium benzoate, ethanol, and sulfanilamide) .
The recovery with m-VrFcC was, in turn, significantly greater than with
NSB medium (containing nutrient broth, boric acid, and sodium chloride

as major ingredients). Faecal coliform counts obtained with m-ST by
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the delayed-incubation membrane filter procedure were higher than counts
obtained by the standard immediate incubation. Based on this result,

they proposed that m-ST be used in place of m-VFC for the delayed-

incubation membrane filter procedure.

For the studies on microbial alterations in water and their
relationship to physical-chemical characteristics; Haas et al (22)
Studied on microbial and physical-chemical data by using statistical
‘analysis to determine whether variations in microbial dynamics were
related to variations in physicochemical variables. These data included
endotoxin, standard plate count, membrane standard plate count, acid-fast
organism, temperature, total organic carbon, free and total chlorine,
turbidity, and pH measurements’of samp;es collected from two water
distribution systems. The results of the statistical analyses did not
support the hypothesis that the physicochemical measurements would

suffice to produce reliable predictions of microbial water quality.
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CHAPIER III

MATERIALS AND METHODS

3.1 Materials
3.1.1 Equipments

1) Sample Bottlgs were 150 ml glass sterilizable bottles
with screw-cap. Sample bottles were sterilized by hot-air oven at
150°% 10° for 2 hours.

2) Incubator was a Memmert Brand, Typ. B 50, at temperature
of 35°t 0.5°C.

3) Hot-Sir Sterilizing Oven was a Memmert Brand, Typ.

U 30, serial no. 852384, constructed to give uniform and adequate
sterilizing temperatures of 1500i 10°¢ for 2-hour period for sterilizing
glasswares.

4) Autoclave was a Castle Sybron Corporation 1200, stream
sterilized autoclave constructed to provide the sterilizing temperature
of 121°C with pressure 15 lb/inch2 for 15 minutes for sterilizing media
and some reagents.

5) pH meter; eléctrometric pH meter, field type was used.

6) Balances; a) Trible‘beam balance, OHAUS U.S. PAT. NO.,
2,729, 439,700 series capacity 2160 gm, for dried media and some
materials.

b) Analytical balance, Precisa 200 A, for
small quantiites (less than 2.0 gm) of materials.

7) Hot plate with stirrer was Sybron/Thermolyne and stir
plate, NUOVA II. |

8) Conductance Meter was a YSI Model 32 for measuring

specific conductivity of water samples.
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9) Thermometer; mercury type 0°-100°C was used for
measuring water temperature in degree celcius (OC).

10) Graduated Pipets and Pipet Containers; 1 ml, 5 ml,

and 10 ml.
11) Graduated Cylinders; 100 ml, 250 ml, and 1,000 ml.
12) Conical Flasks 250 ml, 500 ml, and 1,000 ml.
13) Beakers 50 ml, 250 ml, 600 ml, 1,000 ml, and 2,b00 ml.,
14) Test tubes 20 x 150 mm and 16 x 150 mm with cotton
stoppers.

15) vials (Durham's tube) 6 x 50 mm
16) Inoculating EQuipment; transfer wire loop in 3 mm

diameter made for flame sterilization was used for inoculating.

3.1.2 Media and Reagents

1) Lactose Broth; suspended 13 grams of lactose broth
dehydrated (Difco) in 1 liter distilled water, let it soak for 15
minutes,then warm slightly with stirring to dissolve completely.

Dispense 10 ml of medium into 20 x 150 mm. test tubes which were placed
an inverted vial in each tube and sterilized in the autoclave at 15
pounds pressure (121°C) for 15 minutes. Before opening autoclave, allow
temperature to drop below 75°C to avoid entrappéd air bubbles in inverted
vials.

2) Brilliant Green Bile Broth; suspended 40 grams of bacto-
brilliant green bile broth 2% dehydrated (difco) in 1 liter distilled
water, let it soak for 15 minutes then warm slightly with stirring to
dissolve completely. Dispense 7 ml of medium into 16 x 20 mm. test
tubes with an inverted vial in each tube. Then sterilized at 15 pounds

pressure (121°c) for 15 minutes.
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3) Sfock phosphate buffer solution; dissolved 34.0 grams
potassium dihydrogeﬁ phosphate (KH2P04), in 500 ml distilled water,
adjust to pH 7.2 ¥ 0.5 with 1 N sodium hydroxide (NaOH), and dilute to
1 liter with distilled water. |

4) Buffer dilution water; Add. 1.25 ml stock ﬁhosphate buffer
solution and 5.0 ml magnesium sulfate solution (50 grams MgSO4.7H20/1
liter distilled water) to 1 liter distilled water, thoroughly mix and
sterilized.

5) Preservative substances:

5.1) B-S (1.8% Boric acid and 1% Sodium chloride);
add 18 grams of boric acid and 10 grams of sodium chloride_to 1 liter
water sample, the concentration of boric acid and sodium chloride in
water sample will be 1.8% and 1%, respectively.

5.2) NYSDH-2; add 1.5 grams of sodium benzoate to 1
liter of buffered dilution water, autoclaved at 15 pounds pressdre
(121°C) for 15 minutes, and adjusted to a final pH 7.4 with 6 N NaOH.

5.3) m-ST (a modified HYSDH-1); add 1.5 grams of
sulfanilamide, 3.0 grams of potassium phosphate (dibasic), 0.1 grams
of sodium phosphate (monobasic), 10.0 ml of ethanol (95%), and 3.0 grams
of tris (hydroxymethyl) aminomethane to 1 liter of buffered dilution
water. This solution was warmed to dissolve the ingredients and
autoclaved at 15 pounds pressure (121°C) for 15 minutes, and the final
pH was adjusted to 8.6 with 6 N NaOH.

6) Reagents for Dissolved Oxygen

6.1) Alkali-iodide-azide reagent; dissolve 500 grams
of NaOH and 135 grams of NaI in distilled water and dilute to 1 liter.
Add 10 grams NaN3 dissolved in 40 ml distilied water. This reagent

should not give a color with starch solution when diluted and acidified.
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6.2) Managanous sulfate solution: dissolve 480 grams
of MnSO4. 4H20 in distilled water, filter, and dilute to 1 liter.

The MnSO4 solution should not give a color with starch when. added to

an acidified potassium iodide (KI) solution.

6.3) Concentrated Sulfuric acid: One milliliter is

equivalent to 3 ml alkal-iodide-azide-reagent.

6.4) Starch solution: To prepare an aqueous solution,
dissolve 2 grams of laboratory-grade soluble starch and 0.2 grams of

salicylic acid as a preservative, in 100 ml hot distilled water.

6.5) Standard sodium thiosulfate titrant: Dissolve

6.205 grams of Na25203.5H20 in distilled water. Add 1.5 ml of 6 N NaCH

and then dilute to 1000 ml.
3.2 Methodology

3.2.1 Sampling Water: two sources of water samples were selected

for study. One was river water from Klong Prapa in front of the Samsen
Water Work Station and the other one was a shallow well in Wat Suthat-

thepwararam.

3.2.2 sample Collection and Processing: A total of 12 samples were

collected once or twice a week from February to April 1987. Before
collection of the samples, the initial temperature and pH of water were .
measured and dissolved oxygen fixation were made at the site of sampling.
Then‘five liters of each water sample were collected and transported to

the laboratory for analysis within one hour.
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The portion of samples which will be used for bacteriological
analysis were shaken thoroughly by hand for a few minutes. Then was
devided into three portions of 500 ml each into and poured three 1-L
sterized flasks. the designated concentration of B-S, NYSDH-2, and
vm-ST preservatives were added separately toleach flask. Then were
thoroﬁghly shaken and each portion was divided into three sets of 150
ml each in sterilized sample bottle and stored at room temperature.

The control is the sample water without chemical preservatives were
also divided into four subportions of 150 ml each. One set was
immediately analysed for initial total coliform density (time storage=
0 hour). The other sets were sfored at room temperature (229—34°C) and

were analysed for MPN coliform after 24, 48, and 72 hours, respectivelly.

For physical and chemical analyses, One liter of water sample
was investigated for turbidity and specific conductivity. And the other
liter of water sample was analysed for chemical content followed the
Standard Methods for The Examination of Water and Wastewater (2). For

example, Dissolved oxygen by the azide modification method on page 418.

3.2.3 Bacteriological analyses: The initial bacteriological

examination was done in the laboratory within 1 hour after collection.
Total coliform density were obtained by using the standard MPN procedure
with lactose broth (LB} presumptive medium, and confirmed with brilliant
green lactose bile broth (BGLB) (1). A five-tube series of three

dilutions range from 1 ml to 1x1072 ml was used.
Procedures: A. Presumptive test

- Lactose broth single strength in the presumptive portion of

the multiple-tube test was used.
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-~ Use sterilized pipets for initial and subsequent transfer from
each sample. If pipets bécame contaminated before transfers are completed,.
replaced . with other sterilized pipets. Use a separated sterile pipet
for transfers from each different dilution.

- Five-tube, three-dilution MPNs were used, by started from one
subsample. After adding sample, mixed thoroughly, and were incubated at
35° : 0.5%. after 25 ¥ 2 hours shook each tube gently and examined for
gas production. If no gas has formed and been trapped in the inverted
tubes, reincubate and reexamine at the end of 48 i 3 hours. Record
Presence or apsence of gas formation regardless of amount at each
examination of the tubes.

- Formation of gas in any amount in the inverted tubes or vials

within 48 ¥ 3 hours constitutes a positive presumptive reaction.
B. Confirmed test

~ Use brilliant green bile broth fermenfation tubes fof the
confiremed test.

- Submit all primary fermentation tubes showing any amount of
gas within 24-48 hours of incubation to the confirmed phase. Gently
shake or rotate primary fermentation tube showing gas. With a sterile
metal loop 3 mm in diameter, transfer one loopful of culture to a
fermentation tube containing brilliant green bile broth.

- Incﬁbate the inoculated brilliant green bile broth tubes for

: O.SOC. If no gas has formed or gas production

,24 o hours at 35°
doubtful, incubate additional 24 hours (total 48 ¥ 3 hours).

- Formation of gas in any amount in the inverted vial of the
brilliant green bile broth fermentation tube at any time within 48 I3

hours constitutes a positive confirmed phase. Read the MPN values from
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Table 908:V. MPN Index and 95% confidence Limits for Various Combinations
of Positive Results in Standard Methods, 16 edition, 1985, p.881; as
showed in Table A in Appendix. The Table shows the most likely positive
tube combinations of 10, 1.0, and 0.1 ml dilution, therefore the final
values have to multiply by 10 to the reading value. If unlikely
combination occur, the MPN for combinations not appearing in the table,

or for other combinations of tubes or dilutions, may be estimated by

Thomas' simple formula:

MPN/100 ml = no. of positive tubes x 100

ml sample in ml sample

negative tubes ¥| in all tubes

3.3 Statistical analysis:

The statistical tests used for exaﬁination of the data are
scattergraphs, analysis of variance and regression analysis(23,24,25,26).
Total coliform data were transformed to common logarithms (log10) in
order to convert the data to achieve the best homogeneity of variance and
normal distribution for analysis of variance. Two-way analysis of variance
was used to determine significant differences in total coliform densities
between storage times and preservative substances. and one-way analysis
of variance was used to determine significant differences in total
coliform densities of each storage time corresponding to each preservative

experiment.

The average total coliform density at the storage time 24, 48 and
72 hours were compared with the average initial density (to) to provide
a raito of "coli" for examining effects on Nt/NO rates and for further
analysis of regression. Analysis of regression was used to illustrate
trends of total coliform density that changed‘with storage time in each

preservative experiment.
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CHAPTER IV

RESULTS

4.1 Initial mean values of total coliform density

The initial mean values of total coliform density of water

samples from river and shallow well were shown in Table 1.

TABLE 1. Initial mean values of total coliform density

Sources of water samples mean (X)¥ s.p. Number of observations
River 3866.67%2025.89 12
Shallow well 2716.6713212.71 12

4.2 The Physical-chemical properties of Water Samples

The physical-chemical contents of water samples from river and .

shallow well were shown in Table 2.

TABLE 2. The physical-chemical content of water samples from river and

shallow well.

Physical-chemical parameters (unit) Water samples
river shallow.well
Temperature (°C) 27.0-32.0 28.0-29.0
pH / 7.7- 8.4 7.3~ 7.4
Turbidity (N.T.U.) 28.0-59.0 ' 4.0- 6.0
Specific conductivity s/ICch) 245.0-289.0 740.0-890.0
Dissolved oxygen (mg/L) 4.4- 6.1 . 0.80-2.10
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4.3 Coli ratio data of water samples.

The average total coliformdensity at the storage time 24, 48
and 72 hours were compared with the average initial density (to) to provide

a ratio of "coli".

Coli ratio = Nt/No
where Nt = the mean total coliform density/100 ml after time t
N, = the initial mean total coliform density/100 ml

The coli ratio data of water samples from river and shallow

well were shown in Table 3 and 4, respectively.

TABLE 3: Coli ratio ofriver water samples with various preéservatives

and at different storage times.

Preservatives Coli ratio at different storage time (hours):
0 24 48 72

No Preservative 1.00 0.72 0.27 0.16

B-S 1.00 0.62 0.70 0.56

NYSDH-2 1.00 0.78 0.95 | 0.92

m-ST : 1.00 1.47 1.62 1.37

TABLE 4: Coli ratioof shallow well water samples with various preservativds

and at different storage times.

Preservatives Coli ratio at different storage time (hours)

!

0 24 48 ! 72

No Preservative 1.00 0.50 0.29 0.15
B-S 1.00 0.64 0.60 0.54
NYSDH-2 - 1.00 0.64 0.55 0.39
m-ST 1.00 1.37 1.64 . 1.30

|
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4.4 Effect of preservative substances at various storage time on total

coliform density in water samples from river.

Effect of perservative substances and storage times on total
coliform density of water samples from river stored at room temperature
(220-340C) which were analysed at 0, 24, 48 and 72 hours were depicted
in Figure 2. It showed that the mean coliform density which were
expressed as coli, for all types of preservative have extensive variation
in total coliform recoveries. The samples without any preservative showed
the decline in coliform density greater than the other experiments with
preservatives, their mean ratio of coliform density after 24 hours was
0.72 and dropped to 0.27 and 0.16 that of the initial densi£y after 48
and 72 hours, respectively. ' The samples with m-ST preservative and stored
for 72 hours, the coliform recoveries were greater than the initial density,
their maximum increasing of the mean ratio of coliform density was 1.62
(at 48 hours) that of the initial density. The samples with NYSDH-2
preservative showed slightly decline at storage time 24 hours but after
that the coliform recoveries ware gradually increased at almost the same
of the initial density. Their coli ratio after 24 hours was 0.78 and
increased to 0.95 and 0.92 that of the initial density after 48 and 72
hours, respectively. The samples with B-S showed the similar decline
in coliform density and the decline was greater than the samples with
NYSDH-2 preservative but have the trend almoét the same until 72 hours,
their maximum decrease of the coli ratio dropped to 0.56 that of the

initial density.

4.5 Statistical analysis of river water samples data

The data obtained have the degree of coliform change varied
widely among individual samples in different preservatives. Total coliform

data were transformed to common logarithms (log1o) in order to achieve
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the homogeneity of variance and mormal distribution for analysing by
analysis of variance. The detail of data were shown in Table B.3 and

C.1 in the appendix.

The statistical two-way analysis of variance results for
repetitive measurements by three preservatives at four storage times
(0, 24, 48 and 72 hours) of water samples from river were shown in Table
5. The results meant: (1) there were not significant differences among
total coliform density stored for the designateﬂstoragevtimes at the 1%
level, (2) there were significant differences among total'coliform density
preserved with three preservative substances, and (3) the storage times

of those three preservatives had non-significant interaction affects on

the total coliform density at the 1% level.

TABLE 5: Two-way ANOVA of river water samples by three preservatives at

four storage times (0, 24, 48 and 72 hours)

sov . df Ss MS F-value | P-value
Row means (storage times) 3 0.0723 0.0241 0.5544 | P>0.01
*
Column means (preservatives) 2 1.7187 0.8594 |19.7711" P<0.01
Interaction ) 6 0.6361 | 0.1060 | 2.4386 |P>0.01
Error 120 5.2161 0.0435
|
Total 131 7.6432

** mean significant different at 1% significance level.
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TABLE 6: Analysis of variance of river water samples without preservative

at storage times of 0, 24, 48 and 72 hours.

I
{
Sov ; df SS MS . F-value P-value

Po0
! **

Between group (storage times) 3 5.2318 | 1.7439 ; 51.5957 P<0.01

Within group 44 1.4854 | 0.0338

Total 47 6.7172

** mean significant different at 1% significance level.

Table 6 showed the analysis of variance of the replicated,data
of river water samples without preservative. The F-value indicated that
the difference among total coliform density stored at each storage.time
were significant at the 1% level. Then test for multiple comparison by LSD
‘{Least Signifcant Difference), the samples which were stored for 24 hours
showed non-significant difference with the initial total coliform density.
but the difference among the initial total coliform density with the density

at storage times 48 and 72 hours were significant at the 1% level.

Table 7, 3 and 9 showed the analysis of variance of the repetitive
data of river water samples by B-S, NYSDH-2 and m-ST at 0, 24, 48 and 72

hours, respectivily.
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at storage times of 0,

24, 48 and 72 hours.
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Analysis of variance of river water samples with B-S preservative

SOV daf Sss Ms F-value P—valué
Between group (storage times) 3 0.475210.1584 | 3.3825 P>0.01
Within group 44 2.06050.0468
Total 47 2.5357

TABLE 8: Analysis of variance of river water samples with NYSDH-2

preservative at storage times of 0, 24, 48 and 72 hours.
sov df SS MS F-value P-value
Between group (storage times) 3 0.0477 0.0159 | 0.3949 P>0.01
Within group 37 1.4897 0.0403
Total 40 1.5374

TABLE 9:

Analysis of variance of river water

samples with m-ST preservative

at storage times of 0, 24, 48 and 72 hours.

sov daf SS MS F-value P-value
Between group (storage times) 3 0.2501 | 0.0834 1.9527 P>0.01
Within group 39 1.6650 | 0.0427
Total 42 1.9151
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8 and 9 illustrated that total coliform

density in water samples which stored by adding B-S, NYSDH-2 and m-ST

preservatives had no significant differences among the densities analysed

at each designated storage times at the 1% level (F-computed less than

F-tabled).

Hence,

the total coliform density that stored for 24, 48 and

72 hours with those preservative substances were not statistically

different from the initial density.

4.6 Comparison of the preserving ability among three preservatives in

river water samples.

In comparing the ability of preserving coliform density in water

samples among those preservatives,

the initial density (to) of each preservative were examined.

the mean density at storage time t and

It was shown

that the ability of NYSDH-2 preservative was better than those of B-S and

m-ST; whereas B-S preservative was better than that of m-ST.

be seen also in the graph in Figure 2 and in Table 10.

These can

TABLE 10: Comparison of total coliform @ensity of river water samples

.stored for 72 hours with three preservative substances.

Preservative Initial total coliform | The mean density at | The difference

Substances density (mean?s.D.) storage time t(mean from the initial
ts.p.) density (Percent)

B-S 3866.67t2025.89 2783.33i1524.74 -28.02

NYSDH-2 3866.67t2025.89 3509.76t1759.66 - 9.23

m-ST 3866.67t2025.89 5200.0012483.85 34.48
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4.7 Effect of preservative substances at various storage time on total

coliform density in water samples from shallow well.

Effect of preservative substances and storage fimes on total
coliform MPN counts of water samples from shallow well which were stored
at room temperature and were analysed at 0,24, 48 and 72 hours were
depicted in Figure 3. It showed the decline of total coliform density in
samples without preservative. The mean coliform density,expressed as
coli, were presented for all samples at each experiment. Similar to
water samples from river, extensive variation in total coliform recoveries
can be. seen aﬁong the individual samples. The samplés without preserva-
tive which were stored for 72 hours showed the decline in c6liform greater
than those éamples with preservatives. Their mean ratio of coliform density
after 24 hours was 0.50 that of the corresponding initial MPN count and
dropped to 0.29 and 0.15 that of the initial density after 48 and 72 hours,
respectively. The samples with m-ST preservative and stored fof 72
hours showed the coliform recoveries greater than the initial density and
those two preservatives, and their maximum increasing of the mean ratio
of coliform density was 1.64 (at 48 hours) that of the initial density.

The samples with NYSDH-2 and B-S preservatives showed the decline in
total coliform density less than the samples without preservative. Their
maximum decrease of the mean ratio of coliform density dropped to 0.39

and 0.54 (at 72 hours) that of the initial density,respectively.

4.8 statistical analysis of shallow well water samples data

The total coliform data of shallow well water samples were
transformed to common logarithms (log10) and analysed by analysis of
variance. The detail of data were shown in Table B.4 and C.2 in the

appendix.
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The statistical two-way analysis of variance for repetitive
measurements by the three preservatives at storage times 0, 24, 48 and
72 hours of water samples were shown in Table 11. The F-value indicated
the followings: (1) there was no significant difference among total
coliform density stored at each designated storage times at the 5% level,
(2) there were significant difference among total coliform denéity stored
with three preservative substances at the 1% level, and (3) those storage
times of the three preservatives had non—significant interaction affects

on the total coliform density at the 5% level.

TABLE 11: Two-way ANOVA ofshallow well water samples by three preservafives

at four storage times (0, 24, 48 and 72 hours)

SOV, df | Ss MS F-value P-value

Row means (storage times) 3 0.8812 0.2937 1.2627 P>0.05
Column means (preservatives) 2 2.7979 1.3990 6.0146** P<0.01

Interaction 1‘ 6 1.3276 0.2213 | 0.9514 P>0.05

Error 132:30.6989 | 0.2326

Total 143135.7056

**  mean significantvdifferent at 1% significance level

Table 12, 13, 14 and 15 showed the analysis of variance results
for the repetitive data of shallow well water samples without preservative
and with preservative B-S, NYSDH-2 and m-ST at the storage times 0, 24,

48 and 72 hours, respectively.
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TABLE 12: Analysis of variance of shallow well water samples without

preservative at storage times of 0, 24, 48 and 72 hours.

S0V daf SS MS F-value P-value

k%
Between group (storage times) 3 3.9323|1.3108 | 5.7407 P<0.01

wWithin group 44 10.0468(0.2283

Total 47 13.9791

** mean significant different at 1% significance level.

The F-value in Table 12 insicated that there were significant
differences among total coliform density of water samples stored without
preservative at each designated storage time at the 1% level. Then test
for multiple comparison by LSD, the samples stored at 24 hours showed
non-significant differences at the 5% level with the initial total
coliform density. The differences between the initial density and the
density at the storage times of 48 and 72 hours were significant at the

% level.

TABLE 13: Analysis of variance of shallow well water samples with B-S
\

preservative at storage times of 0, 24, 48 and 72 hours.

sov daf Ss MS F-value P-value
Between group (storage times) 3 0.4720]0.1573 0.5662 P>0.01
Within group 44 12.225410.2779

Total 47 12.6974
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TABLE.14: Analysis of variance of shallow well water samples with

NYSDH-2 preservative at storage times of 0, 24, 48 and 72 hours.

SOV df SS MS F-value P-value
Between group (storage times) 3 1.2312 1 0.4104 2.1965 P>0.01
Within group 44 8.2210 1 0.1868
Total 47 9.4522

TABLE 15: BAnalysis of variance of shallow well water samples with preserative

m-ST at storage times of 0, 24, 48 and 72 hours.

sSov df * 88 MS F-value ' P-value
Between group {storage times) 3 0.5058 | 0.1686 0.7232 P>0.01
Within group 44 10.2575] 0.2331
Total 47 10.7633

The F-value in Table 13,

among total coliform density of each storage time

14 and 15 illustrated that the differences

were not significant at

the 1% level. It can be implied that the total coliform density stored

at 24, 48 and 72 hours with three preservatives: B-S5, NYSDH-2 and m-ST

were not different from the initial density.

4.9 Comparison of those three preservatives ability in experiments of

shallow well water samples.

Similar to

density in water samples of three preservatives,

(4.6),to compare the ability in preserving coliform

the difference between




preservative was calculated. It was shown
was better than those of NYSDH-2 and m-ST;

better than that of NYSDH-2.

e
i

YOL i

the mean densityat storage time t wit

These can be

At '
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the initial counts (to) of each
that the ability of B-S preservative
whereas m-ST preservative was

seen in Figure 4 and in Table 16.

TABLE 16: Comparison of total coliformdensity of shallow well water samples

stored for 72 hours with three preservative substances.

Preservative | Initial total coliform | The densityat storage| The difference
Substances densit%n@antS.D.) time t (meantS.D.) ffom the initial
density(Percent)
B-S 2716.67t3212.71 1880.00%2208.06 -30.80
NYSDH-2 2716.67%3212.71 1748.75£1931.26 -35.63
m-ST 2716.67£3212.71 3600.00%4449.38 32.52

4.10 Comparison of trends of total coliform changes in water samples from

river and shallow well with each preservative experiment.

Trends of the total coliform changes in water samples from river

and shallow well that stored with each preservative for 24, 48 and 72 hours,

compared with coli ratio, were shown in Figure 4, 5, 6 and 7. Figure 4

showed a comparison of MPN coliform changes in water sample

preservative.

without

Total coliform recoveries from both water samples had the

trend of decline at the storage time of 24, 48 and 72 hours, and the rate

of decline followed a linear regression model.

The statistical analysis

indicated that the differences in the total coliform counts of both water

samples with the initial density were not significant at 24 hours but were

significant at 48 and 72 hours at the 1% level.

12132

) 11490k 40
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Figure 5 showed the compérison of total coliform changes in
water samples with B-S preservative at 24, 48 and 72 hours. Similar
trends of total coliform decline were seen. The coliform recoveries in
river water samples were slightly higher than those in shallow well at
storage time of 48 hours. Although the results showed trends of decline,
the differences between the total coliformdensityof both water samples
stored for 72 hours were not significant with the initial density at the

1% level.

Figure 6 showed the comparison of‘coliform changes in river and
shallow well water samples stored with NYSDH-2 preservative. The graph
illustrated that total colifornxdensityof river water declined at the
beginning of storage time (24 hours), but after that they increased
gradually to 0.95 that of the initial density then slightly decreased at
storage time 72 hours. Whereas the total coliform density of shallow well
water decreased with the increasing in storage time. However, the
statistical analysis indicated that the differences between the total
coliform densityof both water samples stored for 72 hours were not

significant with the initial density at the 1% level.

Figure 7 showed the comparison of total coliform changes in
river and shallow well water samples stored with m-ST preservative.
Both of water samples illustrated that total coliform -density obtained at
storage time 24, 48 and 72 hours were greater than the initial density,
but at storage time 24 hours the coliform densityin river water were
slightly higher than those in shallow well. The curves showed trend of
increasing in total coliform densityafter 24 hours, the maximum coli
ratio increase of river and shallow well water samples were 1.62 and 1.64

that of the initial density at storage time 48 hours, respectively.
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Comparison of coli ratio of river and shallow well

water stored without preservative for 24, 48 and 72 hours.
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FIGURE 5: Comparison of coli ratio of river and shallow well water stored

with B-S preservative for 24, 48 and 72 hours.
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FIGURE 6: Comparison of coli ratio of river and shallow well water stored

with NYSDH-2 preservative for 24, 48 and 72 hours.
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The trend of decline can be seen after 48 hours in both water samples.
However, the statistical analysis indicated that there was no significant
differences between the total coliform density stored for 72 hours and

the initial density of both water samples at the 1% level.

4.11 Regression and correlation analyses of data from river and shallow

.

well water samples

The results of regression and correlation analyses depicted
the equations for rates of coliform changes in river and shallow well
water samples for each of preservative experiment were shown in Table
17. The equation described the relation between storage timg and total

coliform density is linear model. The equation of linear model is as

following:
Coli = B, + B, T
where Coli = ratio of the mean total coliform density per 100>ml
after time t compared with the inital density per 100 ml.
'BO = intercept coefficient
B1 = régression coefficient
T = storage time (hours)

The correlation analysis was used to indicate the degree or
closeness of the relationship between the variables. The correlation
coefficient r is a better-known and more'widely used index. The value
of r takes‘the same sign as B1 and ranges from-1 to+!. A minus sign
indicates negative correlation and a plus sign indicates positive

correlation.
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TABLE 17: Estimated regression equations for rates of total coliform

changes in water samples from river and shallow well for each

preservative experiments with r and F-value.

Water samples and Simple linear model: Coli = BO+ B1f ?
Preservative Experiments Functional Form The correlation F-valuegﬁ
Coli = ........ coefficient:r
River water
- Without Preservative 0.9839-0.0124T ~0.9778 43.4480*
~ B-S 0.9058-0.0052T ~-0.8199 4.0904
- NYSDH-2 0.9233-0.0003T —0.1060. 0.2270
- m-ST 1.1760+0.0053T 0.6159 | 1.2223
Shallow well water
~ Without Preservative 0.8990-0.0115T -0.9572 21.8782*
- B-S 0.9074-0.0059T -0.8836 7.0986
~ NYSDH-2 0.9330-0.0080T -0.9597 23.3587
- m-ST 1.1511+0.00497T 0.3178 0.2247

* mean significant different at 5% significance level.
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Figure 8 and 9 showed the linear regressionl(least-squares)
lines which were used to estimate trend of total coliform changes at
storage time 24, 48 and 72 hours of data of water samples from river and
shallow well. It can be seen that rates of total coliform changes varied
among individual samples with different preservative experiments and
different sources of water samples. Total coliformdensity of both water
samples stored without preservative and with B-S and NYSDH-2 preservative
followed similar trends of decline for storage time 72 hours. The total
coliform in water samples stored with B-S and NYSDH-2 preservative showed
rates of decline lesser than those stored without preservative. Whereas
total coliformdensity obtained in water samples stored with m-ST preservative

showed similar estimated trend of increasing with similar rates.
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! CHAPTER V

DISCUSSION

It was found in this investigation that, the coliform density
in water samples stored at room temperature without preservative generally
declined throughout the 72-hour period. The statistical analysis of the
density obtained after 48 and 72 hours storage time were significantly
different from the initial density. similar findings like this have been
reported by)Lonsane et al (1). The results also showed that, there was
no significant difference in coliform contents of the water samples
stored with preservatiyes: B-S, NYSDH-2 and m-ST, even after 72 hours
storage. But all of the samples which were stored at room ﬁemperature
with or without preservatives, the coliform numbers were generally
decrease with storage time increase. In this experiment, the coliform
recoveries in water samples from river and shallow well without preserva-
tive and with B-S and NYSDH-2 preservatives showed trends of decline with
time. At vice versa, the samples with m-ST preservative in both water

samples showed trends of increasing of total coliform with storag time

interval. (see Figure 8 and 9)

The use of boric acid and sodium chloride as preservative for
maintaining bacterial densities as decribed by Gray and Lowe (20) showed
that boric acid with nutrient broth medium did not preserve E.coli cultures
beyond 3 days of storage time at room temperature. But the incorporation
of 1% sodium chloride, a preservative recommended by other investigators
(29, 30), in addition to boric acid and nutrient broth and the adjustment
of the pH to 7.0 can maintain culture stability during prolonged storage
at room temperéture. The boric acid assay results support the findings
of Porter and Brodie (19) that the final concentration of 1.8% boric acid

had the best preservative effect. In this study, it was found that the
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total coliform density stored for 24, 48 and 72 hours with B-S preservative
were ﬁot significantly different from the initial density. And the difference
between the mean of total coliform degsifyat storage time t ;nd the mean
initial density with B-S preservative of water samples from shallow well

was lesser than the other preservatives: NYSDH-2 and m—STt But for river
water, the difference between the mean of total coliformdensity at storage
time t and the mean initialdensity with B-S preservative was lesser than

the difference of m-ST but greater than that of NYSDH-2 preservative.

Hence, it can be implied that the B-S preservative showed the best effective
in preserving coliform density( in shallow well water samples. Similar

to this finding have been reported by Poolsook Juntrpen (10) that total
coliform in shallow well water samples stored with B-S preservative for

72 hours were not statistically different from the initial density. And

in river water samplés, total coliform showed trend of declining from

the initial density through the time 48 hours then after that the density

increased tremendously to 0.5 times greater than the initial density at

72 hours.

NYSDH-2 (Sodium benzoate in buffer dilution water) was used as
a transported medium for maintaining E. cloacae culture by Toombs and
Connor (B), they reported that this medium can maintain the organisms in
the test samples at essentially the initial concentrations. Geldreich
et al (31) stated that the sodium benzoate in the preservative medium
Qas a factqr in reducing bacterial growth on stored membrane filter
(MF's). 1In this study NYSDH-2 was used as preservative substance by
adding into water samples and examined by the MPN method. The concentration
of NYSDH-2 in water samples was 2.5% by volume. The results showed that

the total coliform recoveries from river and shallow well water illustrated
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trend of declige throughout storage time 72 hours. The decline of total
coliform densitywas not statistically significant at the 1% level with

the initial denéig;. The difference between the mean of total coliform
dgnsityat time t with the mean initialdensity of this preservative was
lesser than those of the other two preserVative (B-S, m-ST) experiments

in water samples from river. Whereas the experiment with this preservative
in shallow w§ll water samples, the difference between the mean of total
coliform densityat storage time t with the mean initial densitywas greater
than those of the other two preservatives. It can be implied that the
NYSDH-2 preservative showed the best effective in preserving coliform

density in river water samples.

NYSDH-1 was studied by Toombs and Connor (8) and Poolsook
Juntrpen (10), and the studies showed that the medium maintained 88%
viability of inoculated organisms for at least 48 hours, but in their
studies'pure cultures of the specific strains of coliform organisms were
used for inoculation, not the organisms existing in natural water. The
latter study by Poolscok Juntrpen(10) reported that MPN coliform of the
artificial sample, the Choa Praya River and shallow wells were stable
for 72 hours by adding 2% NYSDH-1. But the MPN coliform of Klong Prapa
water increased after 12 hours and then decreased after 24 hours, but

the density obtained were not lower than 2.0 times of the initial density.

In 1983 Chen and Hickey (9) studied m-ST holding medium which
was a modified NYSDH-1 medium which was added 0.3% Tris to improve
buffering at pH 8.6. They used this medium for delayed-incubation filter
procedure (DMF) for fecal coliforms and studied by comparing with m-VFC
and NSB holding media for their ability to maintain viability of fecal

coliforms. They indicated that fecal coliform recovery with m-ST holding
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medium was significantly greater than recovery with m-VFC and NSB media.
And by the delayed-incubation membrane filter procedure, fecal coliform
counts obtained with m-ST were higher than counts obtained by the standard
immediate incubation. In this study, m-ST holding medium was used as
preservative substance by adding m-ST solution into water samples, stéred
at room temperature (22°-34°) for designated time interval, and examined
by the MPN method. The concentration of m-ST solution in water samples
was 2.5% by volume. The results showed that total coliform densities in

" river and shallow well water samples illustrated trends of increasing
throughout sgorage time 72 hou;s with different rates of increasing.

Rates of coliform increasing in river water samples was slightly greater
than that of shallow well water samples. However, the difference in total
coliformdensity after designated storage time was not statistically
significant at the 1% level with the initialdensity.(see Table 9, 15)

It can be concluded that m-ST medium can also maintain viability of total
coliform during storage time 72 hours. However, the difference between
the mean total coliformdensity at time t with the mean initial density of
m-ST experiment was greater than those of the two preservative-experiments
for river water samples. But for shallow well water samples, -the mean
‘difference was greater than that of B-S but lesser than that of NYSDH-2

preservative.

Practically, the using of m-ST preservative may lead to an over
estimation of the MPN value to the actual bacterial density and the using
of B-S and NYSDH-2 preservatives may lead to an underestimation. Eventhough
the total coliform obtained at storage time 72 hours with three preservatives
Vdid not showed statistically different with the iniﬁial density. The water

samples stored without preservative at room temperature showed significant
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decline of total coliforms to the initial density,and these declines also
lead to an underestimation. In health or sanitary aspects, an under-
estimation of bacterial density was more important than an overestimation.
Because if the water samples were drinking water, the results obtained
ﬁould have been acééptable in sample stored at these times and temperatures

without preservative.

Since thekobjective of this study was to determine whether total

\

coliform density 'were changed as the results of adding preservative
substance. It should be realized that any interactions occured between
aquatic environments and chemical ingredients of preservative substances
would effect death and injury coliform organisms in water sambles. It

was showed in this study that the chemicél and physical characteristics

of water were not éffect to coliform density in water samples, because
rates of total coliform decline in both types of water samples stored
without preservative were almost the same. And in the experiments with
three preservatives, rates of total coliform changes were almost similar

in each preservative with the same direction trends. However, the different
effects of these preservatives on total coliform numbers in different types
of water samples still can be seen,for example,water samples from river
NYSDH-2 p%eservati&e showed the best effective in preserving coliform

density; and B-S preservative showed the best effective in preserving

coliform density in water samples from shallow well.
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CHAPTER VI

CONCLUSTIONS
" The results from this study indicated that

1. Coliform densities in water samples from river and shallow
well without preservative substances stored at room temperature showed
significantly decline from their initial density throughout 72-hour

period.

2. The using of B-S, NYSDH-2 and m-ST as preservative substances

can maintain coliform density in water samples throughout 72-hour period.

3. B~S preservative showed the best effective in preserving

coliform density in shallow well water throughout 72-hour period.

4. NYSDH-2 preservative showed the best effective in preserving

coliform density in river water throughout 72-hour period.

5. Coliform recoveries in water samples from river and shallow
well without preservative and with B-S and NYSDH-2 preservative showed
trend to decline inversely with storage time increase. Whereas, sample
with m-ST preservative showed trend of the coliform density increased

from the initial density within 72-hour storage time.

6. The different types of water with the different chemical and
physical properties were not found any effect on total coliform density

change in this experiment.
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CHAPTER VII

RECOMMENDATIONS

1. Based on the results of this study, m-ST solution was not
recommended to use as preservative substances for stabilizing coliform
density iﬁ water samples; as the results in total coliform density that
were increased from the initial density when the water samples were

stored with m-ST preservative for 72-hour period.

2. Many types of water in different geographical area of the

country should be studied in order to obtain more information.

3. Other types of preservative medium should be studied, especialiy
that which are low cost, available, and easy to prepare or use the natufal
productivity such as coconut water. A preservative medium should meet
the following requirements: i) can delay coliform density closely to the
immediate density, ii) the media can be used with many types of water;

iii) there should be no carry-over of growth-suppressive effects from
the preservative substances; iv) acceptable results must be obtained in
the wide range of ambient temperatures that are encountered under differing

geographical and seasonal conditions.
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TARLE A, MPN Index and 95 % Confidence Limits for Various Combinations
of Positive Results when Five Tubes are Used Per Dilution

(10 ml, 1.0 ml, 0.1 ml)

95 % Confidence : 95 % Confidence
Combination | MPN Index/ Limits Combinationv MPN' Index/ Limits
of POsitives 100 ml Lower Upper of POsitives 100 ml Lower Upper

0-0-0 <2 - - 4-2-0 22 9.0 56
0-0-1 2 1.0 10 4-2-1 26 12 65
0-1-0 2 1.0 10 4-3-0 27 12 67
0-2-0 4 1.0 13 4-3-1 33 15 77

4-4-0 34 16 80
1-0-0 2 1.0 1 5-0-0 23 9.0 86
1-0-1 4 | 1.0 15 5-0-1 v 30 10 110
1-1-0 4 1.0 15 5-0-2 40 20 .140
1-1-1 6 2.0 18 5-1-0 30 10 120
1-2-0 6 2.0 18 5-1-1 50 20 150

5-1-2 60 30 180
2-0-0 4 1.0 17 5-2-0 50 20 170
2-0-1 7 2.0 20 5-2-1 70 30 210
2-1-0 7 2.0 21 5-2-2 90 50 250
2-1-1 \ 9 3.0 24 5-3-0 80 30 250
2-2-0 9 3.0 25 5-3-1 110 40 300
2-3-0 12 5.0 29 5-3-2 " q40 60 360
2-0-0 8 3.0 24 5-3-3 170 80 410
3-0-1 11 4.0 29 5-4-0 130 50 390
3-1-0 11 4.0 29 5-4-1 170 70 480
3-1-1 14 6.0 3s 5-4-2 220 100 580
3-2-0 14 6.0 35 5-4-3 280 120 690
2-2-1 17 7.0 40 5-4-4 . 350 160 820
4-0-0 13 5.0 38 5-5-0 240 100 940
4-0-1 17 7.0 45 5-5-1 300 100 1300
d1-0 17 7.0 46 5-5-2 500 200 2000
4-1-1 21 9.0 55 5-5-3 900 300 ; 2900
r-1-2 26 12 63 5-5-4 1600 600 : 5300

5-5-5 > 1600 - 3 -

l
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TABLE B.1: Total Coliform density per 100 ml of river water samples stored
without preservative and with B-S, NYSDH-2 and m-ST preservatives

for storage time 0, 24, 48 and 72 hours.

Experiments MPN coliforms per 100 ml of each water samples
and time storage 1 2 3 4 5 6 .
- Mean - S.D. n
1 2 1 2 1 2 1 2 1 2 1 2
1. No Preservative
tO 5000 | 2400 | 9000} 3000 2400, 2400| 2400{ 5000{ 2400 5000 2400 5000} 3866.6772025.89 12
t24 2400 | 3000 | 2400} 3000 24004 1300} 2400{ 3000f 2400: 3000 5000 3000 2775.00t 857.19 12
t48 1300 800 800 2400 1300 800 800 800 800 500¢ 1300 800 1033.33: 499.70 12
t72 500 } 1300 800 800 300 500 300 800 800 500 300 300 600.00t 307.48 12
2. B-S
to 5000 | 2400 | 900C | 3000 2400! 2400 | 2400] S000| 2400 5000{ 2400} 5000 3866.6712025.89 12
t24 2200 { 2400 | 2400| 2400 | 2400 2400 2200] 5000 800 ] 1300§ 2400 ] 3000 2408.331 998.60 12
tia 2200 | 5000 | 2400} 3000 1300| 1300] 2400 3000} 1300] 3000] 2400} s000 2691.6751252.24 12
t72 2400 ] 3000 | 50007 3000} 1700} 8007 1700} 1700 500| 1400] 2400| 2400)2166.67%1185.77 12
3. NYSDH-2
tO 5000 [ 2400 9000} 3000 2400} 2400 2400} 5000] 2400 ) 5000 2400 | 5000]3866.67%2025.89 12
t24 1700 { 5000 | 3000} 3000} 3000{ 3000 5000] 2200] 1700| 2400{ 3000 [ 3000]3000.00%1060.87 12
t48 1400 [ 5000 m 2400 m m 9000 | 5000| 2400 2400] 2400 ] 3000 3666.67t2]45.21 9
t72 5000 { 2400} m 5000 m m | om 5000} 2400 5000 2400 | 1300]3562.50%1578.37 8
4. m-ST
to 5000 | 2400 9000 3000 | 2400 | 2400 | 2400 5000 | 2400} 5000 2400 | 5000 3866.67%2025.99 12
t24 . 5000 | m 5000 5000 5000 | 5000 | 5000 9000 3000 90001 2400 | 9000:5672.73%2319.09 11
t48 m 50090 m m 9000 ¢ 9000 | 3000 | 9000 9000)] 5000 5000} 2400 6266.6722745.91 9
t72 » 3000 | 5000 m 9000 § 5000 ) 3000 3000; 5000 9000] 5000 9000 2400 5309.09t2533.38 11

NOTE : m= missing data
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TABLE B.2: Total Coliform density per 100 ml of shallow well water samples
stored without preservative and with B-S, NYSDH-2 and m-ST

preservatives for storage time 0, 24, 48 and 72 hours.

Experiments : MPN coliforms per 100 ml of each water samples
and time storage 1 2 ! 3 4 5 6 N
. Mean - S.D. n
1 2 19 2 1 2 1 2 1 2 1 2
1. No preservative
to 30C 900 ] 1600] 1600 ; 300} 1700 300 500 | 2400 | 5000 90060] 9000 2716.67t3212.71 12
t24 300 300 ] 1600| 1600 | 400 500 230 230 | 3000 | 3000] 1700 3000 1346.67%1139.13 12
ts 500 { 900 230 300 230 230 300 130 ] 3000f 900] 1300| 1300 976.67% 818.37 12
t, 240 110 230 170 80 40 170 80| 500} 1300 goo| 1300] 418.33% 163.66 12
2. B-S
to 300 900 } 1600| 1600 300 | 1700 300 500 | 2400 | 5000 | 9000 9000_ 2716.6713212.71 12
t24 800 300§ 1700 800 220 800 500 230 | 3000 | 2400 ] 5000 5000|1729.1 7X1761.48 12
t48 230 220 | 1100 700 170 500 300 | 800 { 5000| 2400 5000] 3000 1618.33%1812.64 12
ty, 500 220 | 1100| 800| 800 | S00 110 140 | 2200 { 1100 | 5000} 5000 1455.83%1749.98 12
3. NYSDH-2
ty . 300 900 | 1600 | 1600 300 | 1700 300 | so00 | 2400] 5000} 9000{ 9000 2716.675212.71 12
t24 500 900 | 1600 500 230 300 | 1300 1100 | 3000 5000 3000| 3000 1735.83t1455.88 12
t48 900 240 | 1700 800 | 1300 | 2400 500 500 | 2400 | 2400 | 2400 2400 1495.00t 882.52 12
t72 170 300 | 800 300 300 300 300 | 800 2200 1300 2809 3000{1047.50%1042.80 12
4., m-ST
to 300 900 | 1600 | 1600 300 {1700 300 500 { 2400 | 5000 | 9000] 9000 2716.67t3212.71 12
t24 900 | 1600 | 1600 | 1600 500 500 | 2400 | 2400 | 5000} 9000 | 3000]|16000 3708.33t4537.61 12
t48 1600 900 § 3000 | 2400 {1700 | 1700 | 1300 800 { 3000 ]16000 | 5000116000 4450.00:5515.35 12
t72 900 500 | 30001 1700 | soo | 800 J1100| 800 | 5000] 3000 | 9000}16000 3525.00%4647. 41 12
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TARTE B.3: Total coliform data with logarithmic transformation of water samples from river stored without

preservative and with B-S, NYSDH-2 and m-ST preservitives for storage time 0, 24, 48 and 72 hours.
Experiments Loqlo (MCN coliform per 100 ml) of each water samples
and time storage 1 2 3 4 S 6 N
Mean - S.D. n
1 2 1 2 1 2 1 2 1 2 1 2
1. No Preservative
to 3.699013.3802]3.9542} 3.4771] 3.3802{ 3.3802}3.3802{3.6990]3.3802{3.6990| 3.3802} 3.6990 3.5424%.1977 ] 12
t24 3.380213.4771]3.3802] 3.4771} 3.3802|3.1139}3.3802{3.4771]13.380213.477 3.6990{3.47N 3.4250t0.1333 12
t48 3.1139(2.9031§2.9031 3.3802] 3.1139{2.9031]2.9031[2.9031}{2.9031]2.6990]3.1139}2.3031 2.9786t0.1743 12
t72 2.699013.1139]2.9031}2.903112.4771{2.6990{2.4771|2.9031]2.903" 2.699012.477112.47T7 2.7276:0.2186 12
2. B-S
to 3.6990]3.3802]3.9542] 3.4771| 3.3802] 3.3802}3.3802}3.6990]3.3802}3.6990| 3.3802|3.6990 3.5424%0.1977{ 12
t24 3.3424]3.3802{3.3802] 3.3802] 3.3802} 3.3802]3.3424|3.699012.9031|3.1139]3.3802{3.477 3.3466%0.1904 |12
t48 3.3424]3.6990]3.3802] 3.4771]3.1139{3.1139|3.3802}3.4771|3.113913.4771| 3.3802 5.6990 3.3878t0.2011 12
t72 3.3802]3.4771}3.6990] 3.4771] 3.2304| 2.9031|3.2304] 3.2304{2.6990{3.1461 3.3802]3.3802 3.2694t0.2675 12
3. NYSDH-2
to 3.6990]3.3802]3.9542] 3.4771]3.3802| 2.3802] 3.3802} 3.6990} 3.3802] 3.6990] 3.3802} 3.6990 3.5424%0.1977 ] 12
t24 3.2304|3.6990]3.477113.4771}3.4771|3.477113.6990) 3.3424}3,2304 3.3802{3.4771]3.4™TN 3.4537t0.1487 12
t48 3.1461[3.6990 m 3.3802 m .m 3.9542| 3.6990( 3.3802} 3.3802] 3.3802|3.4771 3.4996%0.2420 9
t72 3.699013.3802 m 3.6990 m m m 3.6990)3.3802|3.6990| 3.3802}3.1139 3.5063%0.2237 8
4. m-ST
to 1.6990} 3.3802{3.9542{ 3.4771} 3.3802] 3.3802{ 3.3802| 3.6990| 3.3802{ 3.6990j 3.3802(3.6990 3.5424%0.1977} 12
t24 3.6990 m 3.6990{ 3.6990] 3.6990] 3.6990| 3.6990| 3.9542| 3.4771} 3.9542| 3.3802 3.9542 3.7194t0.|848 1"
t4B m 3.47N m m 3.9542) 3.9542(3.4771{3.9542] 3.9542] 3.6990{ 3.6990] 3.3802 3.7277t0.2380 9
t72 3.477113.6990 m 1.9542{3.6990] 3.4771]3.4771] 3.6990f 3.9542] 3.6990| 3.95423.3802 3.6791%0.2009 | 11
NOTE: m = miscing data




TABLE B.4:
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Total coliform data with logarithmic transformation of water samples from shallow well stored without

preservative and with B-5, NYSDH-2 and m-ST preservatives for storage time 0, 24, 48 and 72 hours.

Experiments

Log10 (MPN coliforms per 100 ml) of each water samples

and time storaqge 1 2 3 4 5 .
Mean - S.D. n
1 2 1 2 1 2 1 2 1 2 1 2
1. No Preservative
t, 2.477112.9542]3.2041] 3.2041] 2.4771] 3.2304}2.4771] 2.6990] 3.3802)3.6990} 3.954213.9542]3.1426%0.5444} 12
t24 2.47i1 2.477113.2041} 3.2041} 2.8451) 2.6990}2.3617|2.3617{3.4771({3.4771] 3.2304}3.4771 |2.9410%0.4526 | 12
t.g 2.6990(2.954212.36171 2.4771{ 2.3617} 2.3617{2.4771}2.1139(3.4771]2.9542] 3.1139]3.1139}2.7055%0.4114} 12
t72 2.3802)2.0414]2.3617}2.230411.9031] 1.6021]2.2304[1.9031]2.6990/3.1139]2.9031[3.1139]2.3733%0.4928]} 12
2. B-S
to 2.4771]2.954213.2041] 3.2041§ 2.4771] 3.2304{2.4771]2.6990( 3.3802] 3.6990] 3.9542[3.9542]3.1426%0.5444 ] 12
t24 2.903112.477113.2304) 2.9031{ 2.3424] 2.9031)2.6990]2.3617}3.4771]3.3802] 3.6990}3.6990}3.0063%0.4893] 12
tyq 2.361712.342413.0414} 2.8451] 2.2304{ 2.6990| 2.4771]2.9031] 3.6990] 3.3802} 3.6990]3.4771|2.9296%0.5327} 12
t72 2.6990/2.342413.0414 2.9031}2.9031} 2.6990]2.0414|2.1461}3.3424]3.0414] 3.6990|3.6990]2.8798%0.5398| 12
3. NYSDH-2
to 2.477112.9542|3.2041{3.2041|2.4771 3.2394 2.4771)2.6990] 3.3802] 3.6990] 3.9542| 3.9542{3.1426%0.5444 ] 12
t24 2.699012.954213.2041(2.9542] 2.3617/2.477113.1139}3.0414] 3.4771{3.6990] 3.4771{3.4771{3.0780%0.4189] 12
t48 2.954212.3802{3.2304] 2.9031| 3.1139] 3.3802{2.6990}2.6990] 3.3802] 3.3802] 3.3802}3.3802]3.0734%0.3439] 12
t72 2.230412.4771(2.9031] 2.477112.4771] 2.4771]2.4771]2.9031 3:3424 3.1139] 3.4472]2.477112.7336%0.3966 | 12
4. m-ST
tO 2.477172.9542)3.2041] 3.2041)2.4771] 3.2304{2.4771]2.6990{ 3.3802] 3.6990} 3.9542] 3.9542] 3.1426%0.5444] 12
ta 2.954243.2041]3.2041] 3.2041] 2.6990] 2.6990] 3.3802{ 3.3802 3.6990[3.95421 3.4771]4.2041 3.3383%0.4573] 12
tis 3.204112.9542]3.4771 3.3802 3.2304{3.2304}3.1139{2.9031] 3.4771)4.2041} 3.6990{ 4.2041 3.4231:0.4277 12
t72 2.9542{2.699013.4771] 3.2304| 2.6990{ 2.9031, 3.0414}2.9031] 3.6990] 3.4771| 3.9542{ 4.204113.2701%0.4941 } 12




C. Homogeneity of Variance by Bartlett's Test

C.1

Null Hypothesis: Ho: 82

2
82 =...
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: Calculation for the number of variance observations = a with unequal f

degrees of freedom

M

where S 2 = 2fi Si/ifi

Test of significance by X? = M/C

1 + 1
3(a-1)

C

(s (1) -

fi

1 1

Sf1
df =

a-1

(2.3026) [(Xfi)log - - $fi log si]

Test of homogeneity of variance for total coliform data

TABLE C.1
with logarithmic transformation of river water samples.

Sample (i) fisi fi Si log Si filog Si 1/fi
1. No Preservative, t0 0.4301 11 10.0391 { - 1.4080 - 15.4880 0.0909
2. No Preservative, t24 0.1958 11 10.0178 | - 1.7503 - 19.2533 0.0909
3. No Preservative, t48 0.3344 11 10.0304 |- 1.5174 - 16.6914 | 0.0909
4. No Preservative, t72 0.5258 11 10.0478 | - 1.3207 - 14.5277 0.0909
5. B-S, t, 0.4301 11 [0.0391 | - 1.4080 - 15.4880 0.0909
6. B-5, to, 0.3993 11 |0.0363 | - 1.4407 | - 15.8477 0.0909
7. B-S, t,g 0.4444 11 (0.0404 | - 1.3932 - 15.3252 0.0909
8. B-s, tq, 0.7876 11 10.0716 | - 1.1454 - 12.5994 | 0.0909
9. NYSDH—2; ty 0.4301 11 10.0391 ¢t - 1.4080 - 15.4880 0.0909
10. NYSDH-2, t,, 0.2409 11 10.0219 :- 1.6589 - 18.2479 0.0909
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TABLE C.1: continue

Sample (i) fisi i fi Si log Si | filog Si 1/fi
|
11. NYSDH-2, t.48 0.4685 8 ;0.0586 - 1.2324} - 9.8590 0.1250
12. NYSDH-2, t72 0.3503 7 10.0500 - 1.3007| - 9.1047 0.1429
13. m-ST, €y 0.4301 11 ?0.0391 - 1.4080; - 15.4880 0.0909
14. m-ST, tog 0.3415 10 {0.0342 - 1.4666] - 14.6659 0.1000
15. m-ST, t,gq 0.4532 8 10.0566 - 1.2468 | - 9.9748 0.1250
16. m-ST, tys 0.4406 10 [0.0441 - 1.3560| - 13.5598 0.1000
a=16 6.7027 164 - 231.6088 1.5928
Calculation: s 2 = Efisi/z £, = 6.7027/164 = 0.0409
(3£.)log 572 = (164)(- 1.3886) = - 227.7294
M = (2.3026)[- 227.7294-(- 231.6088)] = 8.9326
c =1 + 1 [1.5928 - _l_j = 1.0353
3(16-1) 164
X2 = M/C =8.9326 = 8.6284 at df=15 '
1.0353
X?tabled = 8.60 at df=15 P-value = 0.891
xzcomputed < x?tabled .. accept Null Hypothesis
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C.2 : Calculatien for the number of variance observations=a with equal £

degrees of freedom

(2.3026) (f) (a log s - S log si)

M =
where S-2 =3 Si/a
C =1 + (a+1)
3 af

Test of significance by X? = M/C at df = a-1

TABLE C.2 : Test of Homogeneity of variance for total coliform data with

logarithmic transformation of shallow well water samples

Sample (i) ’? Si é log Si
1. No Preservative, t, | 0.2963 o . - 0.5282
2. No Preservative, t24 0.2049 - 0.6885
3. No Preservative, tyg 0.1692 - 0.7715
4. No Preservative, t72 0.2429 - 0.6146
5. B-S, £, | 0.2963 - 0.5282
6. B-S, t,, ' 0.2394 - 0.6208
7. B-S, ts ' 0.2837 - 0.5471
8. B-S, tyo 0.2913 - 0.5356
9. NYSDH-2, t0 0.2963 - 0.5282
10. NYSDH-2, t,, o 0.1755 .- 0.7557
11. NYSDH-2, t48 0.1183 -‘0.9271
12. NYSDH-2, t., 0.1573 | - 0.8034
13. m-ST, ) , 0.2963 - 0.5282
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TABLE C.2 : continue

Sample (i) S? log S?
1 1
14. m-ST, t,, 0.2092 - 0.6795
. M- .1829 - 0.
15. M-ST, t 0.182 0.7378
16. M-ST, t., 0.2441 - 0.6124
a=16 3.7039 - 10.4068
Calculation: 8§ 2 = 3.7039/16 = 0.2315
-2
log S = 0.6355
M = (2.3026) (11) [(16) (~0.6355)-(-10.4068)] = 2.9609
C =1 + (16+1) = 1.0322
3(16)(11)
xz = M/C = 2.9609 = 2.8685 df=15
1.0322

x2 tabled = 4.60 df=15 P-value=0.995

x? computed < xz tabled .. accept null hypothesis
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D. Analysis of Variance:

D.1 'Two-way Analysis of Variance:
1) Null Hypotheses:

1.1) Comparison among column means

. Ho: 061 = &2= &.33 ...=dr

1}23 Comparison among row means

Ho: B1=Bz= coe = ﬁ

1.3) Comparison among column and row means for interaction

b = = | = d‘
Ho: (oﬁa)11 (Lp)y, = oo = ¢ B)rf?
2) Level of Significant .05 or .01 level
3) Sampling Distribution F

4) Find F values from Table , then compare F computed with F tabled
?by examining from selected level of significance. The degree
of freedom associated with each F -value found in the table have

three values.

4.1) Comparison among column means : df1=C—1, df2=rc(n—1)

4.2) Comparison among row means : df =r-1, df_=rc(n-1)

1 2

4.3) Compafison among column and row means (interaction):

df1=(r—1)(c-1),,df =rc(n-1)

2
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TABLE D.1 Data for two-way analysis of variance

: Column T X
ROW
1 2 ces C
X111 ’ X121 cee X1c1
1 X121 x122 | | xe2 | m.. | ®:..
X11n X12n ] X1cen
X211 X221 " X2c1
2 X212 X222 X2x2 T2.. %2..
X21n X22n » X2cn
Xr11 Xr21 Xrcl Tr.. Xr..
r Xr12 Xr22 Xre2 Tr.. Xr..
Xrin ', Xr2n , ot Xren
T T.1 T2 = T.C. T...
X X.1 X.2 X.c. Xeuw
Where T... = Sum of total observation values
Ti.. = Sum of observation values in each row

T.j. = Sum of observation values in each column

Ti§

= Sum of observation values in each cell
r = number of rows
c = number of columns

n = number Qf observation values in each cell
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TABLE D.2 Compulations for two-way analysis of variance (equal n )

Sov daf SS MS F
r
P S
Row means r-1 SSR= i=1 - =T ... MSR=SSR MSR
cn rcn r-1 MSE
. v
Z T?]. 2 :
Column means c-1 SSC= j=1 =T ... | MSC=SSC MsC
rn rcen c-1 NSE
r c¢
\ . P
Interaction (r-1)(c-19|SS(RC)=i=1 j=1"1ij. MS(RC)=SS(RC) MS(RC)
~ n (r-1)¢c+1)] MSE
r c
5 2 2.
- dimt Ti . _42qT-0e
cn rn
+ T2 oo
ren
Error rc(n-1) SSE= SST-SSR-SSC- MSE=SSE
SS(RC) re(nsg)
HEl @) D
oT\Y) )
Total rcn-1 SS8T= i=1 j=1 k=1"1jk
-2,

rcn
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TABLE D.3 Computations for two-way analysis of variance by unweighted-

mean analysis.

Row Column
1 2 c
1 Nij N11 N12 Nic
X X11 X12 X1c
X X11 X12 Xic
X2 x211 'x212 x21c
8s(ij) 55(11) S$s(12) ss(ic)
r Nij Nri Nr2 Nrc
X Xr1 Xr2 Xrc
X Xri Xr2 Xrc
X2 x2r1 X2r2 erc
;S(ij) 8S(r1) 8s(r2) SS(rc)

SS(within) = 123 sS(ij), df{within) = (iij Nij) - rc

(1 )+ D+ (1)

N11 N12

Nrc




Table of mean values:
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Row Column T X
1 2 ces C
1 X11 X12 X1c ™. X1.
2. X21 X22 g X2c T2. X2.
r Xr1 Xr2 - Xrc Tr. Xr.
T T.1 T.2 000 T.c T..
X X.1 X.2 X.c X..
ssc = nh[3T? - 'rz..]
r re
SSR = nh [ET?I W77 5
\ c rc
SS(RC) = mn [3 (Rif)? -31f.. -sT. + T2.]
r c rc
Table of two-way ANOVA:
Sov df SS MS F
Row means r-1 SSR MSR=SSR/r-1 MSR/MSE
Column means c-1 SssC MSC=SSC/c-1 MSC/MSE
Interaction (r-1)(c-1) SS(RC) {MS(RC)=SS(RC)/(r-1) |MS(RC)/MSE
(c-1)
Error (within) (E%Nij)—rc SSE MSE=SSE/3 Nij-rc
Total 2 Nij-1 SST
1)
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D.2 One-way Analysis of Variance:

1)

2)

3)

4)

Null Hypothesis: Ho: Pq= p2=.,. = Py (k=numbers of groups)

Level of Significant .05 or .01 level

Sampliné Distribution F

Find F value from Table by examining from selected level of
significance, then compareF computed with F tabled. The
degree of freedom associated with F—valug: df1 (df of MSB3.=

k-1, daf., (4df of MSw) = k(n-1)

2

TABLE D.4 Data for one-way analysis of variance

Group 1 Group 2 Group j 8 Group k
X11 X12 X13j X1k
X21 . X22 X2j X2k
Xn11 Xn22 anj Xnkk
n, n, nj n,
2 Xi1 S xi2 2 Xij T Xik
i=1 i=1 . i=1 i=1

Where Tj = +Sum of n observation values in each group

nj = Number of observation values in each group'
k = Number of groups
N = Number of total observation values

= :Sum of total observation values




TABLE D.5 Computations for one-way analysis of variance (equal n)
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Source of variation af Sum of Square Mean Square F
k
s T 2
Between groups k-1 SSB=j_1 j - E;_ MSB = SSB F=MsB
nJ N %= T
w
“Within groups » k(n-1) SS = SST—SS MSw = st
k(n-1)
k n.
Total nk-1 ss,.= 5 57 i -1
j=1 i=1 I ¥

TABLE D.6 Computations for one-way analysis of variance (unequal n)

Source of variation

af Sum of Square Mean Square F
) o
T,
Between groups k-1 SSB= 2 (3) - Ii MSB = SSB F=MSB
Jj=1 nj N 1 MSw
i i - = = MS =
Within gropps N-k st ssT SsB - .st
K n_ 2 2 ok
Total N-1 |ss.=§ 3’ X{ .- 10 ‘
j=1 i=1 J N
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E. Multiple Comparison test by Least Significant Melhod (LSD-method)

Null Hypothesis Ho: u, = uﬁ

Formula : Compare D with D

D =t /Msez%

]

D = X, - X_

1 J
t =critical value from table

i .th .

N =% nj, nj= number of the j  set observation
k = number of observation sets
MsS = Variance from analysis of variance

12132



