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A WATR STERILIZATION STUDY IN THE PHILIPPINES
 

DR. REYNALDO M. LESACA
 
Commissioner
 

National Pollution Control Commission
 

The Philippines is one of the many developing countries
 
which at this stage presents a scene of rapid urbanization and
 
industrial development. This is accompanied by a marked rise
 
in population and rapid growth of towns and cities. 
As towns
 
and cities expand there is a corresponding increase in demand
 
for water for domestic and industrial use. These demands for
 
increasing quantities of water mean that sources hitherto
 
regarded as unsafe have to be improved and tapped to provide

for the need of the populace.
 

The problems of water supply are greatest in rural areas,

where the bulk of the population resides and will continue to
 
live. 
It is also here where major public health problems occur.
 
Health hazards arising from the contamination of drinking water
 
with human wastes bring about the incidence in the area of
 
enteric diseases which include typhoid fever, bacillary dysentery,

diarrhea, infectious hepatitis and cholera. 
In some cases there
 
eventually erupts epidemics.
 

Philippine Health Statistics has reported the number of cases
 
and deaths due to water-borne diseases in provinces, cities and
 
towns, some of which are shown in Table I for the areas included
 
in the study. 
The statistics however do not distinguish between
 
outbreaks attributable to water supplies either public or private

from those that are food-borne.
 

Urban communities are not exempt from problems arising from
 
inadequate water supply. 
The presence of squatters in and around
 
cities present environmental problems that are continually plaguing

urban communities. i-unicipal water supply and waste disposal

invariably are the major problems. 
The multiplicity of demands from
 
inadequate water sources brings about the degradation of the quality

of water. A treated water of sanitary quality becomes of doubtful
 
quality due to unsanitary handling, transport and storage by the
 
consumr-s. 

Small communities lying outskirts of towns are not reached by

piped water systems or even public artesian wells. Some are fortunate
 
to have natural springs in the area and these can serve as their water
 
supply source. It provides the community with wtcer for their household
 
use even without previous sanitary survey to determine its quality. More
 
.often than not, improvement or protection of the water source is completely

neglected. 
This often becomes the source of associated health Droblems.
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OBJECTIVES OF THE PROJECT 

The main objective of this study is to determine the most effective
 
and economical method of disinfecting untreated water in rural areas to
 
make them safe for domestic use. It is envisioned that the method of
 
treatment that will be recommended will be formulated in a form that can
 
be inatituted in the rural areasutilizing raterials available in every

household and most important, instructions will be presented in most
 
simple terms that even an unlettered individual can carry out and be
 
assured of safe drinking water. 

A number of disinfectants previously considered, such as HTH, iodine 
and potassium permanganate, were originally planned to be used but after 
considering the availability, local costs and application, it was decided 
to limit the disinfectants to only two: sodium hypochlorite and calcium 
hypochlorite solutions. The factors considered were its availability and 
economic cost. They can be obtained even in rural areas in the Philippines 
at very minimal cost. 

The use of chlorine as disinfectant is universally accepted and the
 
bactericidal properties of hypochlorite has been solidly established and
 
no review is needed here.
 

AREAS OF STUDY 

Based on the report of the Director General of WHO, to the Twenty

Third World Health Assembly, some 28 percent of the population of
 
developing countries can be described as urban; and the balance of
 
78 percent being rural. Less than 10 percent of rural inhabitants are 
supplied with safe water. 2 

On water supply in this country, available information revealed
 
that there are some 25,500 artesian wells mostly located in the rural
 
areas each supplying about 350 person per well. There are also as
 
estimated 1000 big-cased deep wells which serves as sources for water
works systems. Natural springs total some 7,000 that had been developed
 
as water supply sources,
 

As part therefore of the objectives of the study, the targets
 
considered for improvement of water supply by disinfection are the
 
rural areas where water problems are more acute and urban communities
 
where supplementary supply are provided by deep wells.
 

Works of other local researchers also revealed that more than
 
half of the water sources utilized for domestic use showed the presence
 
of coliform organism.4,5,6
 

The Areas Considered for the 6tudy have been Classified as follows:
 

1. Small towns with no existing piped water system; where residents
 
have to depend entirely on artesian wells, drilled wells or
 
sanitary dug wells provided with pitcher pumps.
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2. 	Areas that depend on natural springs as water source.
 

3. 	 Areas served by waterworks (urban) with centralized water 
treatment, but due to inadequate supply, resort to deep
 
wells as supplementary water source.
 

4. 	Housing subdivision with centralized (urban) water system
 
but lacking treatment prior to distribution.
 

SA PLING 1-iETHODS 

Observing standard precautionary measures, water samples were
 
collected from the designated areas for bacteriological examination
 
in a 120 ml sterile bottle with bakelite cover, direct from the source.
 
For chemical analysis and disinfecting procedures, water was collected
 
in a previously cleaned 20 gallon plastic container. A 120 ml sample
 
is taken from this container(secondary container)also for bacteriolo
gical examination.
 

DISINFECTION PROCEDURES
 

Two methods for determining chlorine demand were studied to select
 
the simplest but effective method and of attaining the desired residual
 
that will produce water safe for drinking and domestic use.
 

Method I - Chlorine Demand Laboratory I.ethod 
8
 

This method uses a series of two (2) liters capacity glass jars
 
into which were measured 500-ml portions of water samples. To these
 
were added individually, serial concentrations of chlorine solutions
 
with continuous mixing. The contact time periods considered were 15,
 
30 and 60 minutes aft~z which chlorine residuals were determined.
 
Samples for bacteriological examinations before and after chlorination
 
were removed from the glass jars and placed in sterile containers with
 
dechlorinating agents.
 

Method II - Short jiethod Disinfection
9
 

To ten (10) or twenty (20) liters of the water in a glass aquarium
 
is added a measured amount of chlorine solution (in ppm) to make a
 
concentration of 0.1 ppm or more as the case may be. A thermometer is
 
placed and the temperature is observed and recorded. The mixture is
 
stirred continuously by a magnetic stirrer. At the end of IC minutes
 
time contact, the residual chlorine is measured by Orthotolidine and
 
Orthotolidine-arsenite Methods. Additional chlorine solution is
 
added if residual concentration is low. Repeated additions of chlorine
 
solution and determination of residuals are done until a 0.5 - 1.00 ppm
 
value is attained.
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TECHNIQUE EVALUATION
 

The result of the method study is shown in Tables II, III and
 
IV. Both methods showed initially decreasing concentrations of
 
residual-chlorine with increasing dosage due to the demand exerted
 
by some organic matter and bacterial cells present in the water.
 
Subsequent additions of increments of chlorine after the indicated
 
time contact period, produced a corresponding rise in residual
 
chlorine levels, demonstrated by both methods. It has been shown
 
also that with increasing chlorine dose, coli-group bacteria are
 
progressively reduced with a corresponding reduction in plate counts.
 

The coliform bacteria were not completely removed in i"ethod I
 
leaving an i2N of less than 5 coliforms per 100 ml using the multiple
tube dilution technique of three 10-ml, three l-ml and three 0.1-ml 
portions of the sample. The plate counts showed reduction in number
 
but not to a significant degree. The method of choice that was 
adopted for the study was Plethod II due to the ease in performing 
the chlorination process and in controlling the temperature and
 
determination of pH values. It also demonstrated a more effective 
sterilization of samples as shown by the subsequent bacteriological
 
examinations of samples from dug wells and springs as shown on
 
Tables V and VI.
 

DETFERUINATION OF pH AND DEGREE OF DISINfECTION 

Immediately after the designated contact period, the pH of water 
is determined. A 50 to 100 ml sample portion is taken by a measuring 
pipette and transferred to a sterile sample bottle containing a dechlo
rinating agent. It is examined bacteriologically to get an estimate 
of the number of surviving bacteria. The determinations are performed 
after every residual chlorine determination until the desired residual 
is reached. 

BACTERIOLOGICAL PROCEDUIRES 

The important aspect of the evaluation and control of pollution in
 
water is the determination of the bacterial quality of the water. At
 
the present time, the coliform organisms are used a the stantlard indi
cator of fecal contamination of water. They are found not onl to be
 
very ubiquitous in nature but they can even multiply in water under
 
certain conditions. The presence of the coliform-organism group in
 
water may not necessarily indicate fecal contamination but its absence
 
is an excellent index of the safety of the water.
 

It was felt that the standard bacteriological tests for determining
 
the presence of the coliform organisms and that of the fecal-coliform
 
group will serve as the best index of the safety of water after treat
ment. Supplementary determination for the total bacterial count was
 



included in the battery of tests to determine the effectivenest of
 
chlorination.
 

The multiple tube dilution technique was followed for tho detection
 
of the presence of the colirorm group and the specific test for f£lal
coliform group in this study.8
 

All samples were tested in serial dilutions in 5 tubes of 10 ml,
 
1.0-ml, 0.1-ml and 0.01-ml portions. Plate counts similarly were made
 
from the above dilutions. The plates containing 30 to 300 colonies were
 
considered in making the colony counts,
 

PHYSICAL AND CIfMICAL ANALYSIS 

The water samples were also analyzed for physical properties

and for its chemical constituents before and after disinfection 
procedures. 

RESULTS OF THE STUDY 

The first group of water sources studied were sanitary dug wells 
with pitcher pumps. The results of this first series of treatment are
 
shown in Table V. The mean concentration of chlorine solution needed
 
to disinfect the water samples was 1.27 and 1.28 ppm leaving a mean
 
residual of 0.54 - 0.53 ppm for NaOCl and CaOCI2 respectively,except
 
for sample numbers 2,6 and 7 which rquired a significantly higher
 
dose to eliminate bacterial content. The mean chlorine demand was
 
0.73 to 0.75 ppm.
 

Bacteriological quality of the water sampled directly from the
 
pitcher pump showed absence of fecal-coli types and presence of
 
coli group with a ,FN ranging from 0 - 2400 per 1OOml. 

The bacteriological quality of the water when collected in secondary 
containers showed that the number of coliforms had increased, ranging
 
from 14 to 2400 bacteria per 100 ml. This finding disclosed that signi
ficant bacterial contamination is acquired when water is stored in 
secondary containers.
 

The figures in the table also show the effectiveness of treatment
 
by both chlorinating agents, where coliform organisms eliminated in 
10 samples for NaOCl and in 9 samples for CaOCI2 . The standard plate 
counts showed that majority of the samples had high bacterial content 
for both original sample and the water taken from secondary containers. 
After treatment bacterial content was not considerably removed or some 
bacterial strains were resistant to chlorine. These bacteria however, 
may be assumed to be of no sanitary significance. 

The second series of twelve (12) samples were from natural springs. 
The mean concentrations of chlorine required for disinfection were 1.75 ppm 
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and 1.82 ppm leaving a residual of 0.84 ppm and 0.8 ppm respectively
 
as shown in Table VI.. In this set of samples, determinations for both
 
free available and combined available chlorine were made in the seven
 
(7) samples tested. The chlorine demand as shown was approximately
 
L.o ppm for both agents.
 

From the results of the bacteriological examination of spring
 
waters, it appears that water from natural springs that are unprotected
 
are definitely of poorer bacteriological quality than those from pitcher
 
pumps. Water taken from the source and from secondary coi ainers were
 
found grossly contaminated with coliform group, and occasionally with
 
the fecal-coliform group.
 

The bacterial quality improved after treatment. Some of the
 
samples however were not completely decontaminated as samples number
 
1, 2, 3 and 6 were still positive for coliform with iIPN ranging from
 
2 to 33 per 100 ml. It may be inferred that a stronger dose of chlorine
 
and longer time-contact period may be necessary for complete removal of
 
the coliform group.
 

The plate counts obtained similarly are high indicating its poor

quality. It was considerably reduced in number after treatment. Sample
 
number three (3) still showed significantly high bacterial count and the
 
majority of samples were not rendered sterile as they still dem6nstrated
 
presence of bacteria that may include other species.
 

The third series of samples are from deep wells which serves to
 
supplement the inadequate supply coming from piped water systems.

These were taken from suburban communities of Greater ianila Area.
 

For the eleven (11) samples treated, the mean chlorine concen
tration found sufficient to remove coliform bacteria ranges from
 
1.35 to 1.37 ppm, and leaving a residual of 0.68 to 0.65 ppm. The
 
combined available chlorine was very low and the greater portion
 
of residual was made up of the free available chlorine. The chlorine
 
demand exerted was 0.68 to 0.70 ppm which was the lowest required
 
among the three sets of samples.
 

The sanitary quality of water from deep wells were definitely
 
better than those coming from dug wells with pitcher pumps and springs.
 
The mean FIPN for the coliform group was six (6) per 100 ml for the
 
sample obtained direct from the source and 608 per l00-ml. for secondary
 
containers. This is shown in Table VII.
 

As demonstrated in previous samples, the plate count was high in
 
majority of the samples. Removal by chlorination was complete in some
 
samples. There was significant reduction in number in the rest of the
 
samples although some chlorine resistant bacteria remained.
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CHMICAL TESTS 

The.chemical properties analyzed for all samples are pH, total
 

residue, alkalinity, chlorides, hardness, nitrate and sulfate. The
 
results are shown in tables VIII, IX and X. In all samples in the
 
three groups of sources, chlorination produced a very insignificant
 
rise in pH, decrease in total residue, sulfates and nitrates and very
 
slight increase in chlorides and hardness. The changes in these
 
constituents are all very negligible to alter the potable quality.
 
of the water.
 

DISCUSSION
 

The vital importance of good water for human consumption, agri
culture and industry is well reorganized. Any city, town and community,
 
large or small has a fundamental need for water not only adequate and
 
available but of a quality that is biologically safe and palatable
 
water of good mineral quality.
 

Where cities are provided with treated water, ground water sources
 

serves as a supplementary source. Where towns or rural communities are
 
not provided by a public water system, ground water serves as the regulaz
 
source and are in most cases used without previous treatment of any sort.
 
Ground waters have been shown to be free from bacteria as they-have been
 

removedl1 .l Iyal purification process through soil filtration. Several
 

studies however have shown that ground water sources have become
 
contaminated and have demonstrated the presence of coliform bacteria.
 
Untreated ground water have also been found most frequently to be the
 

cause of water-borne disease outbreaks in the United States, Contami

nation of ground waters have been attribute-d to various sources, leaks
 
into well-casing or into suction pipes, seepage from septic tanks
 

interspersed with water wells, waste disposal sites where waste
 

leached towards ground water discharge of water wells.
 

The bactericidal effectiveness of many compounds used to improve
 

the sanitary quality of water are well known and proven in water treat-


Among them are chlorine, chlorine dioxide, potassium permanganate,
ment. 

ozone, iodine, etc. They not only solve problems of bacterial contami

nation but has proven to have beneficial eff ts in solving problems in
 

color, odor and taste. The use of chlorine ..vertheless has come to be
 

universally accepted and used by a large number of water utilities to
 

render water safe and prevent occurrence of water-borne diseases. The
 

use of chlorine as disinfectant has the added advantage of being able
 

to impart excess active chlorine as residual to the water which would
 

mean that any additional incidental post-treatment pollution to the
 
water would be negated by the residual chlorine.
 

Studies have shown that factors as pH, temperature and time-contact
 
influences the disinfecting action of chlorine. In this study, the
 

chlorination process was carried out at room temperature at the natural
 



pH of the.water and a time contact of 10 minutes for every incremental
 

addition which totals generdlly to a contact time of up to 60 minutes 

depending on the bacterial quality of the water under treatment. The 

temperal.ure observed ranges from 25.5°C - 290 C due to variations in day 

to day temperature which was observed not to cause any effect on the 

disinfection process. Evident from the observations from all the 

determinations, as shown in the tables, the pH values increased in 
7.2 and occaunits ranging from 0.3 to 0. Natural pH was from pH 

sional pH 9.1. Hayes et al, in their studies on the effect of 
disinfection, on stability and bactericidal activity of chlorine 

found, that there was little loss of available chlorine in 24 hours 

at pH values ranging from 4.9 to 9. Based on these findings the 

chlorine residual of 0.5 ppm obtained as the desired concentration 

in the treated water, the safety of the water can be assured for 24
 

hours which ordinarily is the maximum holding time of stored water 

in the household.
 

The presence of free chlorine in the water in forms of free 

available and combined available also would indicate that bacteria 

causing water-borne disease had been killed and would take care of 
Similar
any post-purification contaminatiop for further safety. 


observations were made by Nesfield
+4 in his experiment on the
 

sterilization of drinking water by chlorine.
 

As indicated in Table V the sanitary dug wells with pitcher
 

pumps are used as water source by communities not reached by piped
 

water systems. Najority of them are in the rural areas where daily
 

water supply are stored in secondary containers as clay jugs, gal

vanized from tanks or plastic containers that are sufficient for
 

a day's use. The quality of water obtained from the pumps were 

positive for doliform 90 percent of the time which further suffers
 

in quality when improperly stored. Contamination with bacteria of
 

coliform or non-coli species increased as has been demonstrated by
 

It is in this light that disinfection
bacteriological analysis. 

of the water by consumers becomes a necessity for health protection
 
purposes.
 

The chlorination of the water from these sources demonstrated
 

a significant decrease in number of bacteria and the sanitary quality
 

bf the water has been greatly improved. More important would be the
 

elimination of coliform organisms in the samples.
 

Bacteriological findings of the samples obtained from natural
 

springs, utilized as water sources for domestic use disclosed
 

relatively high coliform density in water from both the original
 

source and secondary containers. These springs are not protected
 

from the elements and outside sources of contaminations. As demons

trated in the first series of samples secondary containers contribute
 

further to degradation of the water quality.
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Despite addition of a higher concentration of chlorine dosage,
 
disinfection process resulted only in 75 percent removal of coliform
 
organisms. Considerable reduction in bacterial count was effected
 
but some samples still retained some chlorine resistant bacteria.
 

The fecal-coli group was found in some samples which points to
 
a greatest hazard tc health of consumers generally indifferent or
 
unaware of serious consequences that results from contamihation of
 
water with enteric organisms.
 

These findings indicate that springs are poor sources of drinking
 
water and it is indicated that protection from contamination is essential
 
before they should be made available to the public. While these measures
 
are not available, chlorination by the consumers seem to be the only
 
logical solution to make the water from these sources available and
 
safe for public consumption.
 

The water obtained from deep wells from the third area of study
 
study showed a similar bacteriological quality as those from dug wells
 
where 72 percent of the samples from the source contain coliform orga
nism and were 100 percent positive for samples taken from the secondary
 
containers. It is significant to note that all samples were negative
 
for fecal-coliform. Complete removal of bacteria was demonstrated in
 

50 percent.of the samples and'the rest still showed miminal bacterial
 
count.
 

It appears that deep wells produce water, of a quality better
 
than dug wells and definitely superior to water from springs.
 

SUpEARY AND CONCLUSION 

The mean concentration of chlorine added to the water adequate
 
for effective disinfection, ranges from 1.18 to 1.75 ppm for sodium
 
hypochlorite and 1.28 to 1.82 ppm for balcium hypochlorite as shown
 
in Table XI. The concentration of chlorine required to purify the
 
samples from the different sources *were subsequently analyzed for
 
signifidant differences. Using the t tests, the results failed to
 
show any signifi6ant differences in chlorine doses, existing either
 
between the different group of water samples or between the types
 
of chlorinating agents. Thus both solutions 'are equally effective.
 

For effective disinfection of water used in communities small 
or large, urban or rural, a method of improving the sanitary quality 
of water from )-.man consumption can be easily accomplished by chlo
rination process. Sodium hypochlorite and calcium hypochlorite 
solutions were found excellent as sterilizing agents for drinking 
water by the procedure used in the study. 



Table I 

CASES AND 	 DEATH OF ENTERIC WdATER-BORNE DISEASES IN SOME 
CITIES AID TOWNS IT THE PHILIPPIKES* 

: TYPHOID-PARA TYPHOID FTVER 
A R E A : : AN OTHER SAL. IKFECTIONS 

Cases Death Cases 
 Death
: No. : 	 Rate : No. : Rate : No. : Rate : No. : Rate 

URBAN 
 : : : 

Caloocan City : : 51.3 :  - : 270 : 0.8 : 6 : 1.8 

Manila : 604 :42.1: 77 : 5.4: 908 : 43.9 : 77 : 5.4
 

Pasay City : 83 : 35.9 : 4 : 1.7 : 78 
 : 63.3 : 2 : 0.9
 

Quezon City :128 :14.3: 15 
 :1.5 :303 :6.9: 8 :0.9
 

• . . S 

Bulacan :122 :12.8 : 9 :0.9 : 96 
 10.1 7 :0.7
 

Cavite : 37 :7.8 :18 
 '.8 58
3 : :12.2 3 0.6
 
• aarm hlipn Helt Sttsis 197


.Rizal 
 :468 :23.7 :12 :0.6 :401 :20.3 8 :0.4
DaL : : : : : : 



Table II 

RESIDUAL CHLORINE LEVELS OBTAINED AFTER CHLORINATION AT DIFFERENT DOSES
(Method 1) 

TIME : 15 Minutes 30 Minutes 60 Minutes A V E R A G E 
IIALS : : : : : 
ILORINE: 1 : 2 : 3 : 4 : 1 : 2 : 3 : 4 : 1 : 2 : 3 : 4 : 15 : 30 : 60 : 

)SE: : : : : 

0.5 : 0.20: 0.07: 0.20: 0.20: 0.18: 0.06: 0.25: 0.20: 0.12: 0.05: 0.25: 0.15: 0.16: 0.17: 0.14: 0.15 

0.75 : 0.35: 0.10: 0.40: 0.30: 0.25: 0.10: 0.40: 0.30: 0.18: 0.07: 0.35: 0.30: 0.28: 0.26: 0.30: 0.28 

&.0 : 0.42: 0.12: 0.45: 0.45: 0.32: 0.12: 0.45: 0.40: 0.30: 0.10: 0.40: 0.40: 0.36: 0.32: 0.30: 0.33 

5.0 : 3.54: 2.12: 3.54: 3.18: 3.19: 1.77: 3-54: 3.54: 2.83: 1.06: 3-54: 3-54: 3.09: 2.98: 2.74: 2.93 

10.0 : 8.14: 7.08: 9.55: 7.79: 7.08: 6.73: 8.40: 7.79: 6.73: 6.40: 8.14: 7.08: 8.14: 7.50: 7.08: 7.57 

15.0 : 12.40: 9.91: 12.74: 12.03: 10.97: 9.20: 12.03: 12.03: 10.62: 8.50: 11.68: 11.68: 11.77: 11.05: 10.62: 11.14 

20.0 : 14.87: 15.20: 17.37: 15.90: 14.51: 14.87: 16.63: 15.90: 14.16: 14.20: 16.63: 15.58: 15.83: 15.47: 15.14: 15.48 



Table III 

RESULTS OF BACTERIOLOGICAL EXAWINATIONS OF GROUND WATERS 
BEFORE AND AFTER CHLORIYATION USING HYPOCIILORITE SOLUTIONS 

(Method I)
 

TYPE OF WELL SAMPLING POINT : COLIFOPM GROUP - DIPN :STANDARD PLATE COUNT AT35"C 

1023At SourceDUG WELL 
Secondary Container : 2400 : 95000 
At Source 2400 43000 

DEEP WELL 
Secondary Container 2400 620000
 

RESIDUAL CHLORINE : COLIFORM GROUP - NIPN :STANDARD PLATE COUNT AT35 C 
: Deep Well : Dug Well : Deep Well: Dug Well : Deep Well : Dug Well 

:After:After :After:After :After:After :AftersAfter 
CHLORINE DOSAGE NaOCI Ca0Cl2 :.NaOC1 : CaO C 2 :Na0C1:CaOC12 :NaOj:CaOC12:Na0CI:Ca0C12 :INaOCI:CaOC12 -
2 :: : :Add'ln:Add'l :Add'ln:Add'n- :Add'tn:Add'n- :Addtn:Add'n
 

•": :". :: : 

-: .25 : o15 : .15 : .05 :2400 L3 : Z3 : 1100 :150000 3100: 280 : 16000 

•75 : .35 : .18 : .3 : .07 :.Z3 : 4 :Z3 : 460: 530: 43000: 10 29000 
s : s -"| 

1 :.4 : .3 :.4 : .Z :/ 3 :3: 460: 30: 25000: 0 5400 

5 :3.54 :2.83 :3.54 :1.06 : :L3 " : 4: 
* : . * : : . . : 

10 :8.14:6.73 :7.08 6.4 : :/3 : :13: : : £ 

15 20:1663:1416 :11.68 10.62 :1558:1.68 :1420 : , :: :L3: : , 
20 :16.63 14.16 :15.58 :14.20 : /3 /-3 s :
 

http:8.14:6.73


Table IV 

RESIDUAL CHLORINE LEVELS AFTER CHLOPI!UE TREATIV NT WITH DIFFERNT
 
DOSES AFTER 10 INIUTES COTACT PERIOD 

(Netlod II)
 

CHLORINE : CO1:TACT : ESIDUAL CHLORINE 
DOSE TIME : 

2 ppm : 10 minutes : .07 ppm : .07 ppm : .07 ppm : .1 ppm : .05 ppm
 

2.5 n : .15 : .05 

3 : .15 :.15 :.15 : .12 : .07 

3.5 : : * : .2 : .08 

4 : .2 : .2 : .2 : .25 : .1 

4.5 : : : : .3 : .15 

5 : :.25 :.25 :.25 :.35 .2 



Table V
 

RESULTS OF BACTERIOLOGICAL EXAMINATIONS OF TREATED WATER
 
FROM SANITARY DUG WELLS BY HYPOC}IIORITE SOLUTIONS OF SODIUM AND CALCIUM
 

: _NaOCl CaOCl, COLIFORM GROUP - MPN 

SAI IPLE IDENTIFICATION :CHLORI.'E:RESIDUAL:CHLORINE:RESIBUAL: AT :SECONDARY:After:After 
SAMPL IDENTIICATIO 

E : 
DOE
DE 

CLOI SOURCE: COITTAINTER:N.aOC
::Add'n:Add'n

:Ce.0C12 

: . . . : * 

PITCHER PUMPS : : 

1. Tandang Sora Elementary School :
* 

.7ppm:
: 

.65ppm: .8ppir: .75ppm: 350 : 
. 

2400 : 0 
* 

: 0 

2. Rodriguez Subdivision : 4.3 : .6 : 5 : .45 : 2400 : 2400 : 0 : 2400 

3. Sapang Palay Elementary School : .6 .55 : .7 : .65 : 46 : 540 : 0 : 0 

4. Bo. Balacan, Neycauayan, Bulacan : .9 : -5 : .9 : .5 : 11 : 2400 : 2 : 0 

5. Bo. Libtong, Meycauayan, Bulacan : .6 : -55 : .7 : .4 : 8: 2400 : 0 : 0 

6. Bo. Talaba, Bacoor, Cavite : 1.6 : -5 : 1.6 : .55 : 0 : 23 : 0 : 2 

7. Las, Pifias, Rizal : 1.7 : .5 : 1.6 : .6 : 17: 130 : 0 : 0 

8. San Rafael, Montalban, Rizal : .6 : .6 : .7 : .55 : 23: 33 :0: 0 

9. Busgos, Montalban, Rizal : .6 : e5 : .6 : .45 : 13 : 33 : 0 : 0 

10. Marilag, San Vicente, U.P. Village 
Quezon City : .8 :.5 : .9 :.55 : 0: 70: 0: 0 

11. Fatima, San Vicente, U.P. Village 
Quezon City 

2: 
: .6 : .45 

: 
: .6 

: 
: .35 

: 
: 0: 14 

: 
: 0 : 0 

T 0 T A L 14 :5.90 :14.1 :5.8 :2868 :10443: 2 :2402 

M E A N : 1.27 : .54 : 1.28 : .53 : 261 : 9495 : .18 : 218 

R A N G E : 0.6-4.3: 0.45-65: 0.6-5 : 0.35-.75:0-2400: 14-2400: 0-2 :2-2400 
: : . -.a *' a a a 
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Table V (continuation)
 

'FECAL COLIFORM - MPN STAIDARD PLATE COUNT AT 35 C 
: 	 . After : After: AT T :After:After :SAMPLE IDENTITFICATION 


i :SECONDRY:NaOC1:CaOCI : AT : SECOYDARY NaOC1 : Ca0CI2
 
:COT!TAIIER:Add'n:Add'n : SOURCE : CONTAINER : Add'n : Add'n
 

1. Tandang Sora Elementary School : 0 : 0 : 0 : 0 7900 : 8400 : 0 : 540
 

2. Rodriguez Subdivision : 0 : 0 : 0 : 0 : 23 : 3300 : 220 : 0 

3- Sapang Palay Elementary School : 0 : 0 : 0 : 0 : 39000 : 40000 : 700 : 0 

4. Bo. Balacan, Meycauayan, Bulacan : 0 : 0 : 0 : 0 : 2400 : 1100 : 22 : 0
 

5. Bo. Libtong, Meycsuayan, Bulacan : 0 : 0 : 0 : 0 450 : 690 : 2900 : 570
 

6. Bo. Talaba, Bacoor, Cavite : 0 : 0 : 0 : 0 : 3800 : 4500 : 0 : 2
 

7. Las Pifas, Rizal 	 : 0 : 0 : 0 : 0 : 8500 : 2800 : 990 : 250
 

8. -San Rafael, Montalban, Rizal : 0 : 0 : 0 : 0 : 4700 : 5800 : 1 : 7 

9. Buirgos, Nontalban, Rizal : 0 : 0 : 0 : 0 260 : 100 : 0 : 5 

10. 	 I-arilag, San Vicente, U.P. Village: : : :
 
Quezon City :0 0 :0: 0: 10 : 37 : 0: 0
 

11. 	 Fatima, San Vicente, U.P. Village : : : : : : :
 
Quezon City :0 0 :0: 0: 5 : 37 : 0: 0
 

T 0 T A L :0 : 0 :0: 0: 67000 : 67000 :4800 :1400
 

M E A N :0 0 :0: 0: 6100 : 6100 :440 :130 

R A N G E : 0 : 0 : 0 : 0 :5-39000 :37-40000 :0-2900:0-570 



Table V!
 

RESULTS OF BACTERIOLOGICAL EXAMINATIONS OF TREATED WATER FRO14 SPRINGS BY
 
HYPOCHLORITE SOLUTION OF SODIUM AND CALCIU14
 

_Na0CI 	 2 CaOC1. 
SAI'TPLE :TOTAL :FREE COi.BINED :CHLRIN:.L .... :TOTAL :FREE :CO-iBINED : 

IDENTIFICATION : DOSE :RESIDUAL:AVAILABLE:AVAILaBLE: DLAND : DOSE :RESIDUAL:AVAILABLE:AVAILBLE:CHLORINE 
DOEDKLDDOSE 	 DEI4AND:CHLORINE:CHLORINE :CHLORINE : 	 CHLORINE: CHLORINE :CHLORINE N 

l. Bo..Bocal, Cardona,: : : : :
 
Rizal : 1.0 .45 : : .55 : 1.4 : .6 : - - : .8
 

:::::I: 	 : : 

2. 	Bo. Tabang, Cardona:
 
Rizal : 3.5 : .5 : : 3.:3 : 4.2 : .5 : - : - : 3.7
 

3. Bo. San Isidro, Mon- : : :
 
talban, Rizal 
 : 1.0 : .45 : : : .55 : 1.2 : .65: - - : -55 

4. 	San Roque, 1-ontal
ban, Rizal : 1.8 : 1.0 : -- : .8 : 2.2 : .8 : - - : 1.4
 

* S.• 	 . . S S S 

5-	 San Rafael, Montal-: : : : 
ban, Rizal : 1.6 : -95 : - - - : .65 : 1.0 : .65: - - : .35 

6. 	Muntinlupa, Rizal : 2.0 : 1.0 : .9 : .1 : 1.0 : 2.0 : .95 : 
 .85 : .1 : 1.05
 

7. 	 San Jose, Dasmarifias.. :
 
Cavite : 1.4 : 1.0 : 1.0 : 0 : .4 : 1.4 : 1.0 : 1.0 : 0 : .4
 

8. 	Bo. Langkaan, Das- : : : : :
 
mariffas, Cavite : 1.2 : 1.0 : 1.0 : 0 : .2 : 1.2 : 1.0 : 1.0 : .2 :
 

9. 	Silang, Cavite : 1.7 : 0.8 : .75 : .05 : .9 : 1.4 : .85 : .8 : .05 : -.55
 
10. Silang, Cavite 	 : 1.8 : .95 : .85 : 0 : .85 : 1.8 : .95 : .95 : 0 : .85 
11. 	Bo. Amon, Silang. : : : : : : 2 

Cavite : 1.8 : 1.0 : .95 : .05 : .8 : 2.0 : 1.0 : 1.0 : 0 z 	 1.0 
12. 	Bo. Gonzales, Silang : : : : : : : 

Cavite : 2.2 : 1.0 : .95 : .05 : 1.2 : 2.0 : .75 : .7 : .05 : 1.25 

T 	0 T A L : 21 : 10.1 : 6.5 : .25 : 10.9 : 21.8 : 9.7 : 6.3 : .2 : 12.1
 

X 	E A N : 1.75 : .84 : .928 : .036 : .908 : 1.82 : .8 : .9 : .028 : 1.0
 

R A X G E : 	 1.0 : .45 : .75 : 0 : .2 : 1.0 : .5 : .7 : 0 : 2 
3- _ : 1.0 : 1.0 : . 30 : 4.2 : 1.0 : 1.0 : .1 : 3.7 
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Table VI (Continuation) 

COLIFORM GROUP - MPN : FECAL-COLIFORM - IN : STAndARD PLATE COUNT AT 35a&
 
SAMPLE : :After:After : :After:After : :After:After
 

IDEINTIFICATION :SOURCE:CO1TAINER:NaIOCl:CaC1 2 :SOURCE:COW!TAINER:NaOC1:CaOC'2 :SOURCE:CONTAINER:Na0Cl:Ca0C12
 
:Addln:Add'h : :Add'n:Add'n-: :Add'n:Add'n
 

1. Bo. Bocal, Cardona, Rizal: 2400 : 2400 : 33 : 9 : 0 : 0 : 0 : 0 : 1900: 3800 : 54 : 57 
: .•: ::. 	 : : 

2. Bo. 	Tabang,Cardona, Rizal: 2400 : 2400 : 0 : 4 : 0 : 0 : 0 : 0 : 9300: 10000 : 38 : 18 

3. Bo. San 	Isidro, Montal- : 920 2 920 : 2 : 0 : 1 : 1 : 0 : 0 : 40000: 14000 : 6500:1300 
ban, Rizal 	 : : : : : : : : : :
 

4. 	 San Roque, Montalban, : : : : : :
 
Rizal :2400: .2400 : 0: 0. 0 : 0 : : - :8200: 1200: -9 :13
 

5. 	 San Rafael, Montalban, : : : : : : : : : : :
 
Rizal :240 :2400 : 0: 0 : 0 0: 0 : 770: 800 :34 :50
 

6. Muntinlupa, Rizal :2400: 2400 : 8: 5 :0 : 0 :0 : 0 :2100: 3000: 0: 0
 

7. 	 San Jose, Dasmariflas, : : : : : : : : :
 
Cavite :2400: 2400 : 0: 0: 4 : 4 : 0 :0 :30000: 88000 : 2: 0
 

8. Bo. Langkaan, Dasmariflas,: : : : : : ::: : 2
 
Cavite : 33: 240 : 0: 0 0 0 0: 0 :3500: 20000: 0: 2
 

9. Silang, Cavite 	 :920: 920 : 0: 0 : 0 0: 0 :4400: 19000: 1: 2
 

10. Silang, Cavite 	 :2400: 2400 : 0: 0 0 0 0 0 : 3300: 6800 : 47: 39 

11. Bo. 	Amon, Silang, Cavite : 2400 : 2400 : 0 : 0 : 2 : 2 : 0 : 0 : 6700: 15000 : 0 : 2
 

12. 	Bo. Gonzales, Silang, : 2400 : 2400 : 0 : 0 : 0 : 0 : 0 : 0 : 2500: 4300 : 0 : 3 
Cavite: .• .	 : : 

T 0 T A L 	 :21313 23680 43 : 18 7 : 7 : 0 : 0 :110000: 190000 2 6700:1500 

M E A N 	 :1776: 1973 : 4: 2 :.58 .58 :0 : 0 :9100: 1600: 560:120 

R A N G 	 : 33: 240 : 0: 0:0 : 0 :0:0 : 770: 800: 0: 0 
2400 	 2400 : 33 : 9 4 : 4 : 0 : 0 : 40000: 88000 : 6500:1300 

*.	 :. • : a. • o : a _S - _ a 



Table VII 

.RESULTS OF BACTERIOLOGICAL EXAPINATIONS OF TREATED WATER FROM DEEP WELL BY 
HYPOCHLORITE SOLUTIONS OF SODIUE AND CALCIUM 

NaOCI CaOC1 
SAMPLE! .nHoRItTOTALIDETIICTIO :flSERESIDUAL::FREEAVAILABTE: AVAILNB LE: U? HOIE :TOTAL FEREE :COIIBhEDILRIOACHOICHLORINE*CHLORINE 	 CHLCRINIIDE)TIFICATION : DOSE :RESIDUAL:AVAILABLE :AVAILABLE: DE.N 

:CTILORIIE: CHLORT NE CHLORIN : : :CHI.CRINE:CHLORINE :CHLORINE : 

1. Caloocan City : 1.7 : 1.0 : .95 : .05 : .7 : 1.7 : .95 : .9 : .05 : .75 

2. Caloocan City : 1.4 : 1.0 : .9 : .1 : .4 : 1.6 : .95 : .9 : .05 : .65 

3. Caloocan City : 1.2 : .7 : .65 : .05 : .5 : 1.2 : .7 : .65 : .05 : .5 

4. Caloocan City : 1.2 : .65 : .6 : .05 : .55 : 1.2 : .6 : .55 : .05 : .6 

5. Herran, Manila : 1.8 : .6 : .6 : 0 1.2 ; 1.4 : -55 : -5 : .05 : .85 

6. Harrison, Manila : 1.0 : .58 : -53 : .05 : .42 : 1.2 : .7 : .65 : .05 : -5 

7. Valenzuela, Bulacan : 1.0 : .6 -55 : .05 : .4 : 1.0 : .58 : .53 : .05 : .42 

8. Cescraft Marina, Para-: : : : :
 
fiaque, Rizal : 1.6 : .4 : -35 : .05 : 1.2 : 1.8 : .4 : .35 : .05 : 1.4
 

9. 	 Manpower, Paraffaque, : : : : :
 
Rizal : 1.2 : .75: .7 : .05 : .45: 1.2: .65: .6 : .05 : .55
 

10. San Dionision, Parafta-: : : : : : : : : : 
que, Rizal : 1.6 : .63 : .6 : .03 : .97 : 1.4 : .4 : .38 : .02 : 1.0 

l. 	San Isidro, Las Pifias,: : : : : : : 
Rizal :1.2: .55: o55 : 0 : .65: 1.0: -5 : .5 : 0 : -5 

T 0 T A L :14.9 : 7.46 :6.98 : .48 : 7.44 : 15.1 : 7.18 : 6.71 : .47 :7.72 

M E A N : 1.35: .68 : .63 : .043 : .68 : 1.37: .65 : .61 : .042 : .701 

R 	 A N G E :1.0: .4 : .35 : 0 : .4 : 1.0: .4 : .35 : 0 : .42 
: 1.8 : 1.0 : .95 : 0.1 : 1.2 : 1.8 : .95 : .9 : .05 :1.4 
:S • 	 S. S S. • : S 



Table VII (Continuation'
 

I4PN -	 COLIFOPJI GROUP : MPN FECAL-COLIFORM4 : STANDARD PLATE COUNT AT 35c 

SAMPLE : :After:After : :After :After : : :After:After 

IDENTIFICATION :SOURCE:CONTAINER:NaOC1:CaOCl2 :SOURCE:CONTAIINR:NaOC1 :CaOC12 :SOURCE:CONTAINER:NaOCI:CaOCI 
:Add'n:Add'n :Add'n :Add'n : ::Addn:Addn 

l. 	Caloocan City : 2 : 1600 :0: 0 0: 0 0 : 0: 0: 900 : 0: 6 

2. 	 Caloocan City : 2: 49 :0: 0 0 0 00: 0: 7500 : 1: 0 

3. 	Caloocan City : 5 : 17 : 0 : 0 : 0 : 0 : 0 : 0 : 210: 230 : 0 : 0 

4. 	Caloocan City : 0 : 46 : 0 : 0 : 0 : 0 : 0 : 0 : :40.: 1000 : 0 : 0
 
: :: £ £ : : :
 

5. 	 Her-an, Manila : 0 : 7 : 0 : 0 : 0 : 0 : 0 : 0 : 0 : 210 : 5 : 0 

6. 	Harrison, Manila : 
11 : 2400 : 0 : 0 : 0 : 0 : 0 : 0 : 24 : 1300 :30 : 0 

7- Valenzuela, Bulacan : 33 : 130 : 0 : 0 : 0 : 0 : 0 : 0 :6400.: 17000 : 1 : 8 

8. 	Cescraft Marina, Para- : : : : : : : : : : 
haque, Rizal : 0 : 9 : 0 : 0 : 0 : 0 : 0 : 0 :2100: 5300 : 0 : 6 

9. 	 Manpower, Parafiaque, : : : : : : : : : : : 
Rizal : 7: 22 :0: 0 0 0 0 : 0 : 580: 3000 : 5: 0 

10. 	 San Dionisio, Parafaque: : : : : : : : : : : 
Rizal : 4: 8 :0: 0 0 0 00: 140: 4600 :80 :1100 

11. 	San Isidro, Las Pifias, : : : : : : : : : : : 
Rizal : 2: 2400 :0: 0 0 0 0 : 0 : 210: 170 : 0: 66 

T 0 T A L :66: 6688 :0: 0 0 0 :0 : 0: 9900 : 41200 :120:1200 

M E A N : 6: 608 :0: 0 : 0: 0 :0 : 0 : 900: 3700 :11 :110 

R A N G E : 0: 7 :0: 0 : 0: 0 :0 : 0: 0: 170: 0: 0 
:33: 2400 : : : : : : :6400 :17000 :80 :1100 
•• 	 : :. • : •. S : S S 



Table VIII
 

OF WATERPHYSICAL AND CEMICAL ANALYSIS 
CTLORINATIONFROM SANITARY DUG WELLS BEFORE AIt) AFTER 

Total Residue
-- OCl CaOC1 II : 
E:Rt. IDUAL: B :After:After:B- :After:Aft::CHLORINE:RESIDUAL:CTI0
SAMPLE IDENTIFICATION 
 :NaOC1:CaOCIa ore:NaOCl:CaOC:DOSE :CIILORINE: DOSE :CFI ORIINE: 

: : 
PITCHER PUPS 

.7 : .65 : .8 : .75 8.1 8.3 8.4: 286 275 261. Tandang Sora Elementary School : 


: .6 : 5.0 : .45 : 8.55 : 8.9 : 9.0: 1198 :1160 	: 115 
2. Rodriguez Subdivision 	 : 4.3 

3. Sapang Palay Elementary School : .6 : .55 : .7 : 	 .65 8.3 8.7 8.6: 249 226 : 25 

: .9 : .5 : 8.8 : 9.0 : 9.1: 302 : 287 : 26 
: .9 : .54. 	Bo. Balacan, MeycauAyan,Bulacan 


.4 : 8.5 : 9.0 : 8.9: 342 337 :3
5a Bo. Libtongt, Meycauayan, Bulacan : .6 : .55 :
S 	

.7 : S . 
* 

6. Bo. Talaba, Bacoor, Cavite : 1.6 : .5 : 1.6 : 	 .55 : 8.25 : 9.15: 8.7: 3599 :3578 : 35E 

-5 : 1.6 : .6 : 8.25 :8.7: 8.25 852 :803 	 81 
: 1.7 :
7. 	 Las Piffas, Rizal 


.7 : .55 : 8.15 : 8.6 : 8.5: 242 : 218 :2
 
8; San Rafael, Montalban, Rizal : .6 : .6 	: 


: .6 : .45 : 7.8 : 8.2 : 8.2: 219 : 207 :1
 
9. Burgos, Montalban, Rizal 	 : .6 : .5 

: : 2 : :10. Marilag, San Vicente, U.P. Village, : : : : 	 5
.55: 755 :8.2 :8.35: 498 :520: .8 : .5 : .9 :Quezon City 


: : : : : :
11. Fatima, San Vicente, U.P. Village : : 	 2 2: 7.8 : 9.1 : 8.25:288 : 273 
: .6 : .45 : .6 : .35

Quezon City 


90.05 :95.85:94.25: 8075 :7884 : 78
 
: 14 : 5.90 : 14.1 : 5.8 :


T 0 T A L 

734 : 717 : 7: 1.27 : .54 : 1.28 : -53 : 8.2 : 8.71: 8.57: 

M E A N 

207 :: 0.6 : 0.45 : 0.6 : 0.35 : 7.55 : 8.2 : 8.2 : 219 	:

R A N G E :3578 :35
: .75 :8.8 :9.15: 9.1 -.: 3599 C:4.3* :: .65: 5 : : * . 

http:95.85:94.25


-2-

Table VIII (Continuation) 

ALKALINITY CHLORIDES HARDNESS NITRATE

IDENTIFICATION 
 Before : After : CaOC : Before After . After : Before : AfterD Befor : After : After : Before : After : After: NaOCI : CaOC1? : : NaOCI : CaOC1? : : NaOCl : Ca0C12: : : : : 3 

1. Tandang Sora Elemen-: : : : : : : : a : 
tary School 196 :196 196: 8.5: 9.5: 9: 78: 80: 82 :2.48 : 248 : 2.16 

2. Rodriguez Subdivision 392 390 : 400 : 309 : 310 : 310 : 185 : 194 : 210 : 8.86 : 8.68 : 6.91 

3. Sapang Palay Elemen-: : : : a : 
 : 1 3tary School : 202 : 202 : 204 : 7.5 : 7.5 : 8.5 : 44 : 
44 a 44 : 3.65 33.2 : 3.26
 
* I I4. Bo. Balacan, Meycaua- : : : : 

. 

: : : : 3 1 
yan, Bulacan : 203 :205: 
204: 9: 10 :11.5: 44: 44: 
 45 2.97 : 1.55: 2.75
 

5. Bo. Libtong, Meycaua- a a I a: : : 
 : .: a , a
 
yan, Bulacan a 242 :244: 244: 
 17: 19: 18: 98: 98: 98 
 8.15 : 7.04 : 6.38
 

6. Bo. Talaba, Bacoor, : : : : : : a a :
: a a

Cavite : 390 : 390 : 390 : 1415 :1560 : 1565 : 612 : 616 : 616 : 1.5 : 1.24: 1.15
 

7. Las Piffas, Rizal : 312 : 314 : 312 : 170 : 171 : 172 : 202 a 204 : 204 : 47 : 43.76 : 42.26 

8. San Rafael, Montalban : : : : 
 : a a g : a aRizal : 112 :112: 112: 
 8: 9: 8.5: 70: 70: 72 11.83 :11.5 :9.48
 

9. Burgos, Montalban, : : : : a : : : a : iRizal : 96: 96: 
 96 9 : 9.5: 10: 59: 60: 60 :8.9: 8.55: 7.98

* : : * : : a a a 

0. Marilag, San Vicente: : : : : : : : a , aU.P. Village, Q.C. a 240 
: 240 : 240 : 64.5 : 66.5 : 67 a 224 a 224 : 226 a 40.67 : 40.67 a 34.11 

1. Fatima, San Vicente : : : : : : : : a : :U.P. Village, Q.C. 
: 169 : 173 : 172 : 9 : 10 : 10.5 : 75 76 : 77 a 1.28 : 1.24 : .88 
T 0 T A L 2554 : 2562 : 2570 : 20265 : 2182 : 2190 : 1691 a 1710 : 1734 : 136 : 12859 :116.44
 

M E A N : 232 : 233 
 : 234 : 184 : 198 
 : 199 a 154 : 155 : 158 :12.3 :11.69 :10.59
 

R A N G E 96: 96: 
 96: 7.5: 7.5: 8.5: 44: 44: 44: 1.28 : 1.24 : 0.8
: 392 _ 390 : 400 :-415 :1560 : 16 : 612 a 616 : 616 a 4 .76 :42.26 



Table IX 

PHYSICAL AND CHEMICAL ANALYSIS OF SPRING WATERS BEFORE AND AFTER CHLORINATION 

SAMPLE NaOCI CaOCI2-OA FE OBN TTL FE CMIE*TOTAL :COiIB~h C-N :FREEIDENTIFICATION *CHLORINE : CHLORINE: ...... TOTAL :COMBINED CHLORI 
: DOSE :RESIDUAL:AVAILABLE:AVAILABLE: DEMAND DOSE :RESIDUAL:AVAIL&BI&AVAILABLE: DEMAND 

:CHLORINE:CHLORINE :CHLORINE : : :CHLORINE:CHLORINE :CHLORINE : 

1. Bo. BocalCardona, Rizal. : 1.0 : .45 : : : 055 : 1.4 : .6 : : : .8 

2. Bo. Tabang, Cardona, Rizal 3.5 : .5 : : : 3 : 4.2 : .5 ; : £ 3.7 

3. Bo. San Isidro, Montalban, : 2:: t 
Rizal : 1.0 : .45: : : *55 :1.2 : .65: .55 

4..San RoqueMontalb~n, Rizal : 1.8 : 1.0 : : : .8 : 2.2 : .8 : a : 1.4 

5. San RafaelMontalbanRizal : 1.6 : .95 : : : .65 : 1.0 2 .65 : aS .35 
: : : : : a : : I . 2 

6. Muntinlupa, Rizal : 2.0 : 1.0 : .9 : .1 : 1.0 : 2.0 : .95 s .85 s .1 : 1.05 

7- San JoseDasmariffas,Cavite : 1.4 : 1.0 : 1.0 : 0 : .4 : 1.4 : 1.0 : 1.0 a 0 2 .4 

8. Bo. Langkaan, Dasmarfias, : , : g . a
 
Cavite : 1.2 :1.0 .1.0 : 0 : .2 :1-.2 a 1.0 :1.0 : 0 .2
 

8
9. Silang, Cavite : 1.7 : 0A : .75 : .05 : .9 : 1.4 : .85: .8 : .85 a .55 
* -- e. : a a I 

10. Silangt Cavite 1.8 : .95: .85 : 0 : .85 :1.8. : .95: .95 2 0 2 .85 
." a : a a 2 3 

11. Bo. Amon, Silang, Cavite a 1.8 : 1.0 : .95 : .05 : .8 : 2.0 : 1.0 : 1.0 : 0 a 1.0 
I a : " s 2 

12a Bo. Gonzales,Silang,Cavite : 2.2 : 1,0 : .95 : .05 : 1.2 : 2.0 : .75 : .7 2 .05 : 1.25 

T 0 TAL : 21 :10.1 : 6.5 : .25 :10.9 :21.8 2 9.7 : 6.3 : .2 :12.1
 
: ": 2 2 : *: 3 .2 2. 

M E A N : 1.75 : .84 : .928 : .036 : 0.908 : 1.82 : .8 a .9 : .028 : 1,0 

R A N G E : 1.0 : .45 : .75 : 0 : .2 : 1.0 : .5 : .7 a 0 " .2 
0
3:5 :1.0 :1.0 : .1 :3.0 •4.2 : 1.0 : 1.0 i 11 3.7


: : a -" 2 * 3 * 



Table IL (Continuation)
 

SAMLE 
 PH Total Residue : Alkalinity : Chlorides

IDENTIICATIO Before: Afters After : Mefor After: After : ore: After: After : B After: After* Na0Ul: CaOC12: : Na0Ci: CaOC12: : NaOCI: CaOC12: Bef : NaOCI, CaOC12
 

1. Bo. bocal, Cardona, Rizal : 8.1 : 895 : 9.0 : 297: 292: 307 : 140 : 140: 138 : 8 : 9 : 9.5
 

2. bo. Tabang, Uardona, Hizal : 8.7 9 : 9 :118 160 : 184 : 13666." 4 12.51: 15 

3- bo. San Isidro, Montalban, : : : 156 156 :: 4 15
Rizal 
 : 9.1 :9.25: 9.2 : 247!: 
 509 288 : -0 ." 190 190 s 6 : 6 . 6.5
 

4. San Roque,Montalban, Rizal : 9 : 9.1 : 9.2 : 216 : 228 : 231 : 138 
 : 138 : 138 : 3.5 : 7.5 : 10: : : : 
 : : : : :
 
5- San Rafael;Montalban, Rizal: 
3.8 : 9 : 9.1 : 218: 214: 197 : 122 : 122: 124 : 5 : 7 : 10 
6. Muntinlupa, Rizal : 8.25 : 8.5 : 8.6 : 387 : 383 : 
379 : 212 : 212 : 212 : 10 t 14.5 : 16 

7. Bo. Langkaan, Dazmariffas, : : : : : : : 
 : : :: :
Cavite : 7.65 :8.45: 8 : 417: 293: 345 : 48 48: 48 : 8.5 : 10 : 10.5 

8. San Jose, Dasmariflas,Cavite : 7.85 : 8.75 : 8.2 : 332 : 338 : 540 : 48 : 52 : 50 
 : 8 : 11 : 12 

9.'Silang, Cavite : 7.4 : 8.3 : 8.8 : 475 : 331 : 372 : 28 : 28 : 28 : 32.5 : 37.5 : 38.5 

10. Silang, Cavite : 7.9 : 8.55 : 8.7 : 3553 : 538 : 417 : 25 : 25 s 25 : 44.5 : 50 : 51.5 
I. Bo. Amon, Silang, Cavite : 8.1 : 8.85 : 8.7 : 243 
: 242 : 243 : 18 
 18: : 13 : 13.5 : 14.5


3 : : : : : : : S S 
12. Bo. Gonzales, Silang, Cavite: 7.95 : 9.2 : 8.5 : 272 : 280 2.252 : 18 : 19 : 19 : 13 : 15 : 16 

T 0 T A L 98.8 :105.9 : 105 : 3575 : 3408 : 3555 : 1123 : 1128 : 1126 : 156 : 193.5g 210 

M E A N : 8.23: 8.82: 8.75: 298: 284: 296 : 94 94: 94 : 13 ,16.12: 17.5 

R A N G E :7.4 :8.3: 8 :118: 160 :184: 18: 18: 18: 3.5 : 6 : 6.5

9.1 :9.25: 9.2 : 475: 383: 417 : 212 
 : 212: 212 :44.5 : 50 : 51.5
 

* 4 * *4 a - 4 



Table IX (Continuation) 

Hardness Nitrate : Sulfate 
SA1PLE : After : After : : - : After A 

IDENTTDICATION : Before : NaOCl : CaOCl 2 t BeforeBefore AfNaOOl After2 

2aC1
 

1. Bu. Bocal, Cardona, Rizal 	 : 98 : 98 : 98 : 0 0 : 0 : 

2. Bo.. Tabang, Cardona, Rizal 	 : 64 : 67: 70 : 0 : 0 : 0 
*- .	 2.•.

3. Bo. San Isidro, Montalban, Rizal : 126 : 127 : 128 : 2.3 : 5 : .35 :
 

4. San Roque, Montalbanr Rizal : 73 : 68 : 82 : 3.76 : 3.32 : 4.43 : 	 zI 
* . .. 

5. San Rafae., Montalban, Rizal : 80 : 80 : 84 : 6.91 : 6.87: 4.12 : 	 2 

6. MIntinlupa, Rizal 	 : 92 92: 94. :2.6 :2.2 :1.2 4 :3.2 :3.2 
I : : ~ : : 	 : :$ 

7. San Jose, Dasmariflas, Cavite 	 : 92 : 94 : 97 : 5.5 : 2.57 : 4 : 3 £ 2.2 : 1.6
 
I : : : : 

8. Bo. Langkaan, Dasmariffas, Cavite : 87 : 87 : 94 : 7.1 : 6.9 : 5.1 : 3 : 2.2 : 2.2 
9. Silang, Cavite 	 : 76 : 77: 81 :38.8 :35.9: 31 :17.7 :15 :12.6
 

10. Silang, Cavite 	 : 80 : 78 : 82 : 28.8 1 27.7 : 27 1 13.2 : 11.4 : 12.6
 

11. Bo. Armon, Silang, Cavite 	 : 42 : 42 : 44 : 17.5 : 17.7 : 17.1 : 7.4 7.0 : 7.0 
I : : : :: 

12. Bo. Gonzales, Silang, Cavite 	 49 : 44 : 51 : 20.4 : 20.1 : 19.5 : 15.5 : 14.4 : 15
 
I ::2 

T 0 T A L : 959 : 954 : 1005 :133.67 :128.26 :113.8 : 63.8 : 55.4 : 54.2 
* : * : : * : 

M E A N : 80 80: 84 :11.14 :10.69: 9.48: 9.1: 4.6 :4.5 

R A N G E 	 : 42 : 42: 44 : 0 : 0 : 0 : 3 :2.2 :1.6 
: 126 : 127 : 128 :38.8 :35.9 : 31 : 17.7 : 15 :12.6 



Table X
 

PHYSICAL AND CHEMICAL ANALYSIS OF WATER FROM DEEP WELL BEFORE AND AFTER CHLORINATION
 

: 
 NaOCl CaOCl!-
SAMPLE 
 :C IN TOTAL '-.FREEICDMIFICATOTA :COIBINED :-TOTAL :FRELORIINDN:E
:FREE :COIINEDBDENTIFICATION:DOSE -RESIDUAl:AVAILABLE:AVAILAB . .
. DE.:. DOSE :RESIDUAL:AVAIABLE:AVA :CH RE* :CHLORINE:CHLORINE :CHLORflTE : : :CHLORINE:CHLORINE :CHLORINE : 
I. Caloocan City 
 : 1.7 : 1.0 : -95 : .05 : .7 : 1.7 : .95 : .9 : .05 : .75 
2. Caloocan City 
 1.4 :1.0 : .9 : 
 .1 .4 :1.6.: .95: .9 : .05 ; .65 
3. Caloocan City :1.2: .7 : .65 : .05 : .5 :1.2 . .7 : .65 : .05 :.5 

5 : 7 .65 :54. Caloocan City : 1.2 : .65 : .6 : -05 : .55 : 1.2. : .6 : ,55 : .05 :' .6 
5. Herran, Manila 
 :1.8: .6 : .6 : 
 0 :1.2 :1.4 : .55: 
.5 : .05 3.85 
6. Harrison, Manila :1.0: .58: .53 
 : .05 : .42 :1.2 : .7 :.65 : .05 s .5
 
7- Valenzuela, Bulacan • 
 : 1.0 : .6 : .55 : .05 : a4 : 10, : .58 : ,53 a .05 :: : : . .42 

:. :S 
8. Cescraft Marina, Parafiaque : : : : : : : : 3Rizal 
 :1.6: 
 .4 : .35 : .05 :1.2 :1.8 

* S 
.4 .35 .05 .4 . 3 * 3 3
9e Manpower, Parafiaque, Rizal : 1.2 

.
 

: .75 : .7 : .05 : .45 1 1.2 : .65 : 
 .6 " .05 : .55
 

10. San Dioniso, Parafiaque, : : : : : : :
Rizal :1.6: .63: .6 : 
 .03 : .97 :1.4 : .4 : .38 : .02 8 1.0 
Il. San Isidro, Las PifiasRizal: 1.2 : .55 : .55 : 0 : .65 : 1.0 : .5 : .5 , 0 : .5 

T 0 T A L :14.9 : 7.46 : 6.98 : .48 : 7.44 :15.1 : '.18 : 6.71 : .47 
 :7.72
 
1 E A N :1.35: 
 .68: .63 : .043: .68 :1.37: .65: 
.61 : .042: .701
 
R A N G E 
 :1.0: .4 : .35 : 0 : .4 :1.0 : .4 : -35 : 0 3.421.8 : 1.0 : .95 
 : 0.1 : 1.2 : 1.8 
 : .95 : .9 : .05 : 1.4 
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Table X (Continuation'
 

pH : Total Residue : Alkalinity I Chloride 

SA14PLE IDlENTIFICATION :Before:After:After : Bei :After:After : Before :After:After :--r :After:After 
:rlaOC1: CaOU19: :NaOCl: CaOCl,: :NaOC1: CaOC1;':fo :NaOCl: CaOCI% 

1. Caloocan City 	 : 7.75 : 8.25: 8.25 : 307 : 288 • 300 : 20 : 38 : 39 : 16.5 : 18.5: 19.5 

2. Caloocan City 	 :7.5 :7.9: 8.4 : 304 :293: 303: 22: 40*: 39 :16.5 :18 :18.5 

:7.4 :7.7 :8.0 : 373: 324: 306? 34: 33: 35 : 17 :18 :18.53, Caloocan City 


4. Caloocan City 	 : 7.65 : 8.45: 8.35 : 336 : 304 : 308 : 34 : 37 : 37 a 17 : 17.5: 18 
: : : : : a a : : a : 

5. Herran, Manila 	 :8.15:8.6:8.5 : 622:60: 604: 32: 32: 32 :312.5 :315 :315 

6. Harrison, ranila 	 :7.55 :8.1 :8.0 : 135 :106: 126: 13: 14: 15 : 10 :12 :12 
: : : : * : ,. , a 

: 8-75 : 348 : 42 a 44 : 30 a 30.5: 317. Valenzuela, bulacan 	 : 8.1 8.7 : 410 : 342 3 42 : 

8. Cescraft Marina, Paraflaque, fRizal : 8.2 : 9.1 : 9.2 : 1701 :1625 : 1670 : 47 : 46 .47 a 860 a 870 a 890 
: 	 - 2 I I 2 

381 : 406 : 56 a :
9. Manpower, Paraflaque, ktizal 	 : 8.0 : 9.2 9.1 : 430 3 54 a a 56 18 19 a 21" 
* : : : 	 : : a : 

10. San Dionisio, Para.laque, Rizal 	 : 8.3 : 0.6 a 8.65 : 556 : 488 a 512 : 76 : 76 : 74 a 248 a 250 :249 
a : a : a a : : a a a 

54 : 55 . 55 a 87 a 88.5: 8911. 	 San Isidro, Las Pithas, Rizal a 7.25 : 8.05: 8.5 a 857 : 828 : 821 : 
*: * * . * . : * :a a a 

:85.85 :96.65: 93;7 : 6031 :5580 : 5704 : 428 a 469 : 473 :1632.5:1657 :1681,5T 0 T I L 


M E A N a 7.8 a 8.4 a 8.5 : 548 : 507 : 518 a 39 a 43 : 43 : 148.4:150.6: 152.8 
a a :" : : : : a $ a a 

R A N G E , 7.25 : 7.7 a 8.0 : 135 a 106 : 126 " 13 : 14 : 15 110 : 12: 12 

:8.3 :9.2 :9.2 :1701:1623 :1670 : 76: 76 & 74 :860 : 870 :890 
a : : : a : a : a £ 
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f ble X (Continuation)
 

Hardness 	 Nitrate 
 Sulfate

SAMPLE IDFBTIFICATION : Befre :

0 
After:After : Naf:aC2After:fter :After :CAft1er 

Berort :After 

1. Caloocan City 	 37 :35 : 38: .8 : .88: .8: :
:NaOl.CaC1 NaOC1:CaOCl 2 : Beor 	 NaOCl :CaOC12 

S:_ "2. Caloocan City 	
*. . 

38 :38: 
: 

39 :1.0 :0 .78: .6: 	5.6 :5.15: 4.6 

3. Caloocan City : 60 :62: 64 :1.5 :1.3: .92: 8 :5.6 :7.5 

4a Caloocan City 
 60 58 : 62 a .78 : .65: .32 :12.7 :9.2 :10.8 
5. Herran, Manila 
 : 46 : 47 : 47 : 2.61 :3.14 :2.7 : 10.2 :5.6 a 9.8 

6. Harrison, Manila 
 : 60 :63: 62: 0 0: 0: 3.2: 2 : 2.4 
* = 	 S

7. Valenzuela, Bulacan 
 : 28 :24: 26: .54: .3: .12: 4.8 "4.4: 4.4

:* 	 : : : : : 5 a8. Cescraft Marina, Paraffaque, Rizal 	 : 272 :272 
: 277 : 2.7 :1.86: .443: 7.4 :5.4 : 4.9
 

9. Yanpower, Parafiaque, Rizal 	 : 166 :168 : 170 : 1.24 :1.06: .89: 11.8 :7.4 	: 7.4 
10. San Dionisio, Parafiaque, Rizal 	 : 331 : 330 : 375 : .8 : .62 : .35 : 18.45 :15.2 a 15.65 

11. 
 San Isidro, Las Piflas, Rizal 	 : 15 : 15 : 19 : .53 .35: .18: 22 :17.65 :16.8 

T 0 T A L : 1113. :1112 : 1139 : 12.5 : 10.94: 7.32-: 0442 :77.8 : 84.2 

M E A N 101 :101 : 104 " 1.14: .99: .67 •O.42, : 7.78: 8.42 

R A N GE 	 : 15 :15: 19: 0 0 : 0 :32: -2 :2.4 
: 331 : 330 : 335 : 3 2.72.61 3.14 : : 22 : 17.65: 16.8
 



Table XI 

MEAN CONCENTRATION AND STANDARD DEVIATIONS OF CHLORINE DOSE 
ADDED TO DIFFERMT SOURCES OF WIATER 

SOURCE 2 DISINFECTAN : LI o STANDARD DEVIATION:RESIDUAL CHLOREl-E 

: NaOCl : 1.18 1.109 2 .54 
1. Pitcher Pumps : 

I CaOCl2 : 1.28 1.284: .53 

I NaOC1 : 1.75 .668 .84
 
2. Springs
 

CaOC1 : 1.82 .846 .8
 
22
 

2 NaOC1 : 1.35 .281 .68 
3. Deep Wells I1 2 

daOCl2 2 1.34 .269 : .65 
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