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Introduction
Currently, more than half of the world’s population lives in 

urban areas and this will proportion will grow to almost 70% 
by 2050, according to a recent UN report, the largest increase 
will occur in Asia and Africa accounting for 90% of this growth. 
Urban life is generally characterized by better quality of life for 
the population in terms of access to health services, social and 
educational services. The other side of this reality, however the 
unplanned urbanization and migration lead to concentrations of 
the poorest and most vulnerable, making the urban environment 
itself a social determinant of health since, sanitation is a core 
precondition for development. In the beginning of 2000, over 25% 
of all deaths in developing countries are caused by population 
lacked adequate sanitation. Approximately 80% of all diseases and 
25% of all deaths in developing countries are caused by polluted 
water United Nations [1]. 

 
In many low-income areas, the modern city inhabitants suffer from 
ill health, lost income, inconvenience and indignity, particularly due 
to the lack of proper toilets. Studies have shown that investments 
in sustainable sanitation in developing regions brings a return 
in the range of 5US dollars to 46US dollars (depending on the 
intervention) for every 1 US dollar invested Hutton, Haller, and 
Bartram [2-4]. In order to address the most severe problems caused 
by poor sanitation 

the focus needs to be in the fast growing cities of today. In 
the city of the future “sanitation” will be intermingled into other 
infrastructures and management processes in a way to completely 
different from what we see today. Productive sanitation system that 
produce e.g., renewable energy form biogas, or fertilizer (from the 
nutrients contained in excreta and waste water) will be fitted into 
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general city planning in a mosaic of decentralize and centralized 
systems- using a range of technological components. 

This paper is intended to serve as an “eye opener” for innovative 
approaches to water sanitation and is dedicated to illustrate what 
putting sustainable sanitation of addressing the rural-urban 
interface and the importance of avoiding negative downstream 
consequences, awareness of the threats of this urbanization since 
it possess a major public health outcome particularly in low and 
middle income settlers in Butuan and Bayugan City areas of which 
cities belong to Region XIII can become breeding grounds for 
emerging and re-emerging communicable diseases. The goal of 
this study is to analyze the water conditions of the two urban cities 
of CARAGA- Butuan and Bayugan City and to determine its water 
safety and assess the extent of the appearance of the emerging 
infectious diseases [5,6].

Methodology
Research Locale

Figure 1:  Map of  Agusan del Norte and Agusan del Sur.

The study was conducted in Butuan and Bayugan City, the two 
big cities in Caraga Region XIII. Butuan City is the seat of government 
offices and the heart of commercial and industrial activities in 
Caraga Region. Butuan City has 86 barangays (27 Urban) and (59 
Rural) known as First Class and Highly Urbanized City in Caraga 
Region. The population reached to 337,063 as of November 2017 

according data taken from the Philippines Statistics Authority 
(PSA). Meanwhile, Bayugan City was formerly known as sitio of 
Barangay Maygatasan, Esperanza, which was located along the 
river. It covers 43 barangays and 29 rural areas (Figure 1).

Research Design
The descriptive survey method was used in the study in order 

to seek answers to the problems. The purpose of this study is to 
analyze the water conditions of the two urban cities of CARAGA - 
Butuan and Bayugan City and determine its water safety and assess 
the extent of the appearance of the emerging infectious diseases 
It is a fact-finding method by way of collecting data from the City 
Health Office, BCWD, CENRO, EMB of Butuan and Bayugan City and 
from the Department of Health (DOH) [7]. The data gathered where 
incorporated and utilized as primary source answer the statement 
of the problem projected in this study. Survey was done through 
data gathering and initial interview to the offices mentioned above. 

Research Instrument 
The instruments used during the conduct of the study are the 

secondary data gathered from the city health office, water districts, 
DOH RO XIII Surveillance Unit and the local government of both 
Butuan and Bayugan City in 2017 [8]. The data were adopted as 
instrument for interview or survey. One of the test methods is 
mMultiple Tube Fermentation Technique in which MPN/100ml 
total Coliforms less than 1.1 or 0 less than 1.1 or 0 and MPN/100ml 
Fecal Coliforms less than 1.1 or 0 less than 1.12 or 0 means negative.

Results and Discussion
This presents the analyses and interpretation of data gathered 

from the tools of the study. The discussion focused on the areas, 
namely: Water assessment and the emerging infectious diseases. 
Table 1 shows the analysis of the water samples taken from Taguibo 
River and Filtration Plant of different parameters were used to 
test the sample from physical, odor, temperature, color apparent, 
turbidity and total suspended solids. In color apparent, water from 
Taguibo River exceeds the maximum level (maximum is 10 color 
units) which has 16 color units. (PNSDW, 2007)[9] Hence, it is the 
only non-conforming parameter in the analysis. In turbidity, water 
from Taguibo River has the highest unit of 2.03 but lower than the 
PNSDW maximum level which is 5 NTU.

Table 1: The physicochemical analysis of water in Butuan and Bayugan City.

Sampling location Taguibo River Filration Plant, Taguibo PNSDW Maximum 
Level

Sampling point TASC DAM Raw/Tap Filtered Product (mg/L) or 
Characteristic

Sampling date/time June 15/ 9:26 am June 28/9:15 am June 28/9:25 am

Parameters Results

Physical

Odor Unobjectionable unobjectionable Unobjectionable Unobjectionable unobjectionable

Temperature 25.1 25.3 25.3 25.3 deg. Celcius

Color apparent 16 6 1 3 10/color Units

Turbidity 2.03 0.51 0.31 0.37 5 NTU

Total Suspended Solids 4 2 0 2 _mg/L
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Chemical

pH 7.79 7.84 8.03 7.96 6.5=8.5

Salinity 0.1 0.1 0.1 0.1 _ppt

Specific conductance 233 229 234 240 _us/cm

Total dissolved solids 111.6 109.5 0.04 114.9 500mg/L undergo 
RO/Distillation

Iron 0.02 0.01 0.01 0.02 0.4mg/L

Manganese 0.03 0.02 7.7 4.1 50mg/L

Nitrate 6 5.2 4 4 250mg/L

Sulfate 6 3 14.18 15.6 250mg/L

Chloride 7.8 14.18 0.05 0.04 1.0mg/L

Copper 0.05 0.02 0.04 0.05 1.0mg/L

Fluoride 0.19 0.06 98.6 96.43 _mg/L

Alkalinity, total 100.78 94.26 4.35 3.63 _mg/L

Alkalinity, php 4.35 5.08 109.68 108.79 _mg/L

Bicarbonates 112.34 6.1 5.22 4.36 _mg/L

Total hardness 5.22 111 111 111 300mg/L

Mg (as CaCO3 28 26 26 26 _mg/L

Calcium (asCaCO3) 86 85 85 85 _mg/L

Parameters COLOR NONE NONE NONE

       For the chemical analysis, its salinity, specific conductance, total 
dissolved solids and seventeen different chemical compounds that 
were chosen if it is positive in the water sample taken (PNSDW) 
[9,10]. The different chemical compounds are present in all 
water samples but its volume is lower than the maximum level. 
Bicarbonates have the highest volume level in mg/L, 112.34, 102.6, 
109.68 and 108.79 respectively among all the four water samples 
and all compounds present, while iron has the lowest volume 0.02, 

0.01, 0.04 and 0.02 in mg/L. For the water hardness, the four water 
samples are moderately hard because their volume is between 60-
120 mg/L. Water containing calcium carbonate at concentrations 
below 60 mg/l is generally considered as soft; 60–120 mg/l, 
moderately hard; 120-180 mg/l, hard; and more than 180 mg/l, 
very hard McGowan [11]. In terms of pH, salinity and specific 
conductance, their volume is quite lower than the maximum level 
WHO [12].

Table 2:The test report of microbiological analysis of drinking water in Sendrjas Green Village, Bayugan City.

Result of Analysis Remarks

Laboratory No. HPC CFU/ml
Total coliforms

MPN/100ml
Fetal coliforms 

MPN/100ml

6921 47 cfu/ml <1.1 <1.1 Negative

Values for <500 <1.1 <1.1 Negative

Values for <200 <1.1 <1.1 Negative

Table 2 shows the heterotrophic plate count (HPC) per mL of 
the sample taken for test and analysis and in the range of 47 cfu/ml 
or (Colony Forming Unit) of microorganisms (bacteria, molds and 
yeasts) that use organic carbon sources to grow and can be found 
in all types of water reached to a scale where it passed the standard 
requirement for the water to declared as potable for drinking. 
The result means that in every 100ml. water sample tested, they 
only observed 1.1 of coliforms and fetal coliforms. In this case, 
the remarks are negative where the water is safe for drinking. 
The standard of it must be “Total and Fecal Coliforms: < 1.1 MPN 
(Most Probable Number) per 100mL and for Heterotrophic Count 
(HPC) < 500 CFU (Colony Forming Units) per 100 mL” according to 
“PNSDW*Limits AO 2007-0012 [13]. The analysis shows that there 
were 47 HPC or CFU/ml microbes found, therefore it is safe for water 

drinking because the standard of PNSDW is “O – 3ppm detection 
of bacteria or permissible level of CFU/100ml. As for the values of 
<500 and <200 in CFU/mL, it is also safe for swimming, boating and 
fishing activities since the permissible level for CFU/100ml range 
from <200 to <1,000 (PNSDW) [9].

Table 3 is a representation of BCWD annual report wherein 
they have served to 37, 703 connections which is then multiplied 
with the average number of individuals per service connection 
which is seven resulting to 263,921 service population. There 
were 46 minimum samples required for bacteriological analysis 
every month but BCWD established 55 sampling points for 
bacteriological analysis and then later changed to 56 by the 
month of May 2015, adding Pump Station 17. As of December 
2015, BCWD concessionaires grew to 41,024 for an equivalent 
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population of 287, 168. Bacteriological analysis of water was 
conducted for fecal detection and identifies, quantify and evaluate 
pathogenic organisms associated with waterborne diseases. It 
is intended to minimize risk and therefore prevent deleterious 
health repercussions that result from lifelong exposure to these 
impurities through consumption of water (PNSDW) [9] (Table 4). 
In all surveyed households particularly in Butuan and Bayugan 
City, there were cases for the various ailments mentioned. Based on 
the data in Table 1, simple diarrhea is the most prevalent disease 

in both cities followed by intestinal worms. There is no incidence 
of cholera in Agusan Del Sur while it prevails in Butuan. Whereas 
in terms of typhoid fever, Agusan Del Sur has a higher percentage 
of 6% compare to Butuan City with 3%. Bloody diarrhea and skin 
diseases’ percentages are quite higher in Butuan City, 10% to 14% 
respectively than Agusan del Sur, with 6% to 10%. Between the two 
focused cities, Butuan City has the highest incidence rate 92 % of 
water borne diseases. RESU DOH RO XIII [14].

Table 3: Minimum Frequency of sampling for drinking-water supply systems for Microbiological examination.

Source and Mode of Supply Population served Minimum frequency of sampling

Level I 90-150 Once in three (3) months

Level II 600 Once in two (2 months

Level III Less than 5,000 1 sample monthly

5,000-100,000 1 sample per 5,000 population monthly

More than 100,000 20 samples and additional one (1) sample per 10,000 populations monthly.

Source: Based on the Philippine National Standards for Drinking Water 2007.

Table 4: Incidence of water borne diseases in Butuan and Bayugan City from 2012 up to present.

Community # / % Simple 
Diarrhea

Bloody 
Diarrhea Cholera Typhoid 

Fever
Skin 

Problems
Intestinal 

Worms Total

Freq % Total

Bayugan City # of reported cases 22 4 0 4 11 9 50 12%

% 31% 6% 0% 6% 10% 13% 66%

Butuan City # of reported cases 29 9 4 3 14 27 86 16%

% 32% 10% 4% 3% 14% 29% 92%

Conclusion
The water supply distributed by two major cities, Butuan and 

Bayugan City has always monitored in physicochemical analysis. 
It has any impact on how water sources are processed, stored and 
used to the health of the people in the community living in Butuan 
and Bayugan City. Emerging diseases such as diarrhea, cholera, 
typhoid fever, skin diseases and intestinal worms, attributed to the 
water supply especially if it has not processed properly or there 
are abnormalities during the distribution [15]. It has significant 
relationship to the emerging of infectious diseases and how it is 
process and consumed by the people. In all surveyed households 
particularly in Butuan and Bayugan City, there were cases for the 
various ailments mentioned. Based on the data in Table 1, simple 
diarrhea is the most prevalent disease in both cities followed by 
intestinal worms. There is no incidence of cholera in Agusan Del 
Sur while it prevails in Butuan. Whereas in terms of typhoid fever, 
Agusan Del Sur has a higher percentage of 6% compare to Butuan 
City with 3%. Bloody diarrhea and skin diseases’ percentages are 
quite higher in Butuan City, 10% to 14% respectively than Agusan 
Del Sur, with 6% to 10%. Between the two focused cities, Butuan 
City has the highest incidence rate 92 % of water borne diseases. 
RESU DOH RO XIII, [14,16].

Recommendation
a)	 For the Local Government (City Health, Water District, 
CENRO), they must provide or allocate budget for funding 

basic facilities. With regards to water supply, since most of 
the residents in the city rely on public water supply (by the 
Municipality), it is recommended to make the source of water 
supply for Butuan City sufficient for daily use at homes, offices, 
business establishments and schools during the long hours of 
cut off time of water supply.

b)	 Further studies should be made by future researchers 
to authenticate the findings of this study. Collect further 
information and primary data by doing another physicochemical 
analysis of water.

c)	 Lastly, this study recommends conducting massive 
campaign and seminar/lecture to the people in the community 
for the awareness of different emerging and re-emerging 
infectious diseases that might be the result of water supply and 
to other health related concerns of our bodies. 
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