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ABSTRACT
Gastrointestinal (GI) symptoms and diarrhoea are markers of intake of contaminated food and 
water. The present study aimed to establish water quality as a priority area in community needs 
assessment at the onset of Community Extension Service for indigenous communities. Dry and 
wet season water samples from six sampling sites were subjected to physico-chemical and 
microbiological analysis along with a one-year population survey (n=546) on GI symptoms and 
diarrhoea cases. All water sample results were non-potable based on national standards which 
collates with the high frequency of GI symptoms and diarrhoea in the indigenous community. 
Diarrhoea cases decreased after implementing a community raising-awareness program on Water 
Quality and Safety. The results of the present study demonstrated that water quality is a priority 
area in the community needs assessment of an indigenous community. Community awareness-
raising programs proved effective in mitigating GI symptoms and diarrhoea through the boiling of 
water before consumption.
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INTRODUCTION

Studies relative to the health of  indigenous people (IP) 
and communities are usually focused on parasitism, 
specifically, neglected tropical diseases like helminthiasis, 
fluke infections, schistosomiasis, lymphatic filariasis, 
leishmaniasis, malaria and intestinal protozoan 

infections.[1] Intestinal parasitism renders a major blow 
on the health and quality of  life among indigenous 
people through malnutrition and iron deficiency[2] and 
is further complicated if  the source of  infection is from 
a contaminated water resource.[3] Cases of  GI infections 
among IP which has been traced to contaminated 
water resources have reported Giardia and amoeba in 
Malaysia,[3] protozoa in the Amazon Region of  Ecuador 
with a high seroprevalence of  hepatitis-A and Leptospira 
spp.,[4] and Escherichia coli in Southern Brazil.[5] Although 
rich with inland freshwater resources, the Philippines 
have reported contamination of  environmental 
freshwater matrices with Cryptosporidium, Cyclospora and 
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Giardia,[6-9] as well as the presence of  pathogenic Free-
Living-amoeba.[10-13]As part of  the advocacy of  the 
Divine Word College of  San Jose, Occidental Mindoro 
in the preservation of  culture and the enhancement 
of  the quality of  life of  the Hanunuo Mangyan 
Tribe in partnership with the Community Extension 
Services (CES) of  Far Eastern University-Manila, a 
deeper exploration of  the needs assessment tool was 
performed. Specifically, we identified how water quality 
played a role in the health and quality of  life of  IP. 
The present study aimed to establish water quality as 
a priority area in the community needs assessment of  
indigenous communities by way of  presenting evidence 
on the prevalence of  GI symptoms of  stomach ache 
and diarrhoea cases and assess the potability of  water 
resources through physico-chemical and microbiological 
analysis.

METHODS

Prior informed consent was secured and awarded by the 
Hanunuo Mangyan Council of  Elders and community 
members of  Sitio Emok, located in Barangay Paclolo, 
Magsaysay, San Jose, Occidental Mindoro, Philippines 
before the conduct of  the study which is the first program 
conducted at the onset of  CES. A total of  546 community 
members from Sitio Emok Amarillo 1 (n=263) and 
Sitio Emok Amarillo 2 (n=283) were surveyed for 
Gastro-Intestinal (GI) symptoms of  stomach ache/
borburygmus and diarrhea cases from March 2018 to 
March 2019. Key informant interviews were conducted 
with two members of  the Council of  Elders, two Sitio 
leaders and two Barangay Health Workers (BHWs) 
who were also members of  the indigenous community. 
Dry and wet season water samples from the Ancestral 
Domain of  the Hanunuo Mangyan of  Sitio Emok were 
temporally assessed for potability. Six sampling sites 
(Figure 1) were selected for the study, namely: Cave 
spring (S1), Magtangkob River Basin (S2), Department 
of  Environment and Natural Resources (DENR) water 
impound structure (S3), Faucet1 (S4), Faucet2 (S5) 
and Faucet3 (S6). Water samples amounting to 2 L per 
sampling site were collected in sterile plastic containers 
during the dry season of  February to May 2019 while 
wet season samples were collected in August 2019. It 
should be noted that S3 had water derived from a spring 
located farther away from the community, located higher 
up in the surrounding hills and all faucet installations 
sampled were located close to households (S4 and S5) 
and an elementary school (S6). Water samples were 
maintained at 4°C during transport and sent for physico-
chemical analysis and microbiological assessment by a 

government-accredited water testing facility within 6 hr 
from the time collection.
Physico-chemical analysis included 16 parameters 
namely: Chloride (mg/L), Chromium (mg/L), Color, 
(TCU), Copper (mg/L), Fluoride (mg/L), Iron (mg/L), 
Lead (mg/L), Manganese (mg/L), Nitrate (mg/L), 
Odor, pH, Sulfate (mg/L), Taste, Total Dissolved Solids 
(mg/L), Total Hardness (mg/L CaCo3) and Turbidity 
(NTU) which were measured through Argentometric, 
Atomic absorption spectrophotometry (AAS), Visual 
comparison, AAS, Ion Selective, AAS, AAS, AAS, 
Cadmium reduction, Threshold odor, Electronic, 
Turbidimetric, Flavor threshold, Gravimetric, EDTA 
titration and nephelometric methods, respectively. 
The microbiological analysis included parameters 
of  heterotrophic plate count (HPC) in CFU/mL, 
Total Coliform in most probable number per 100 mL 
(MPN/100mL) and Fecal Coliform (MPN/100mL). 
Water sample results were assessed based on limits 
set by the Philippine national standards on drinking  
water.[14]

RESULTS
GI symptoms and diarrhea cases

The 546 indigenous people (IP) community members 
surveyed for GI symptoms and diarrhoea cases from 

Figure 1: Geography of the indigenous community and 
sampling sites. a Map of Mindoro Island Philippines; b 
enlarged map of Barangay Paclolo, San Jose Occidental, 
Mindoro; A1 Sitio Emok Amarillo 1 and A2 Sitio Emok Amarillo 
2; c enlarged map of A2; maps were recovered from Google 

maps with target location set at 12.402015, 121.193622.
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March 2018 to March 2019 belonged to two sub-
communities within Sitio Emok namely: Amarillo 1 (A1) 
and Amarillo 2 (A2) (Table 1). In Amarillo 1 (n=263), 
IP who experienced diarrhoea ranged from 1-79 years 
of  age, while in Amarillo 2 (n=283), diarrhoea cases 
were observed from 1-71 years of  age. Results show 
that for one year, diarrhoea cases were highest at 32% 
(27/84) in 0-5 years of  age in A1 which was in close 
agreement with 39% (51/130) in 6-15 years of  age 
in A2. The lowest cases of  diarrhoea were observed 
from the 51-and-above age group at 11% (9/84) and 
5% (5/130) for A1 and A2, respectively, with a higher 
number of  diarrhoea cases observed in females for both 
sub-communities. The prevalence of  diarrhoea cases 
within GI symptoms was observed at 32% (84/263) and 

46% (130/283) for A1 and A2, respectively, with similar 
patterns of  increase in both GI symptoms and diarrhoea 
cases during the wet season (June to August). Although 
diarrhoea cases demonstrated a consistent downward 
trend from September to May (going toward the dry 
season) (Figure 2 and 3), the cases of  GI symptoms 
were somewhat sustained in low frequencies ranging 
from 6 to 62 cases per month with the highest recorded 
during the wet season month of  June (n=62) in A1 and 
sustained cases of  GI symptoms ranging from 6 to 76 
per month with the highest case also recorded in June 
(n=76) in A2 (Table 1). The prevalence of  diarrhoea 
within GI symptoms, however, revealed a different 
pattern for each sub-community where 47-63% was 
observed during October to December for A1 while 

Table 1: Consolidated data of Amarillo-1 and Amarillo-2 of Sitio Emok.
Diarrhea cases

Sex Age groups Total
M F 0-5 6-15 16-30 31-50 51 

above
A1 40 44 27 24 15 9 9 84

A2 58 72 45 51 20 9 5 130

Diarrhea cases within GI symptoms 2018-2019

A1 Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Total

D 2 2 2 9 22 17 5 7 5 5 3 3 2 84

GI 11 13 6 62 61 39 11 15 8 10 9 10 8 263

%D 18 15 33 15 36 44 45 47 63 50 33 30 25 32

A2 Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Total

D 14 4 5 35 35 11 8 5 3 5 2 0 3 130

GI 16 16 20 76 64 32 11 10 9 9 7 7 6 283

%D 88 25 25 46 55 34 73 50 33 55 29 0 50 46
A1=Amarillo-1; A2=Amarillo-2; M=Male; F=Female; D=diarrhea; GI=Gastrointestinal; %D=Prevalence of diarrhea within GI cases

Figure 2: Graphical representation of diarrhea prevalence within GI symptoms in Amarillo 1 and Amarillo-2 of Sitio Emok from 
March 2018 to March 2019. Amarillo-1 demonstrated a marked increase in GI symptoms and diarrhea cases during the wet months 
of June, July and August while diarrhea prevalence within GI symptoms was observed during October, November and December. 
Amarillo 2 demonstrated higher reports of GI symptoms and diarrhea cases while showing a somewhat sporadic pattern of 

diarrhea prevalence observed during March 2018 to March 2019.
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the highest diarrhoea prevalence within GI symptoms 
in A2 demonstrated a somewhat sporadic pattern with 
55% in both July and December, 73% in September and 
88% in March (Table 1 and Figure 2). Monthly trends 
of  GI symptoms and diarrhoea cases were similar for 
both sub-communities but consistently higher in A2 
compared to A1 (Figure 3). It should be noted that 
the sub-community area of  A1 is mostly composed of  
farmlands (Figure 1b), the economic status, community 
organization and access to water resources of  this sub-
community is less organized. In contrast, although A2 
has a smaller community area (Figure 1b), it is more 
organized, enjoys a higher economic standing, has easy 

access to water, but is densely populated with each 
household situated closer together (Figure 1c). 

Physico-chemical and microbiological results of 
freshwater resources

Physico-chemical analysis of  water samples (Table 2) 
returned with results that passed the national standards 
for potability with very little variations observed between 
the dry and wet season. However, microbiological 
analysis of  all water samples (Table 2) from both dry 
and wet season returned with failed results in that 
heterotrophic plate counts (HPC), Total Coliforms and 
Fecal Coliforms registered results that exceed national 
standards for potability. Failed results of  Heterotrophic 

Figure 3: Graphical representation of the comparison of GI symptoms and diarrhea cases between Amarillo-1 (solid lines) and 
Amarillo-2 (broken lines) of Sitio Emok from March 2018 to March 2019. Data demonstrated higher reports of both GI symptoms 
and diarrhea cases in Amarillo-2 compared to Amarillo-1 during the wet months of June, July and August and the dry month of 

March 2018.

Table 2: Consolidated data on quality of water samples from Sitio Emok during dry and wet seasons.
Sampling 

site Source description Dry season 
sampling Results Wet season 

sampling Results

Physico-chem
16 parameters Microbiology Physico-chem

16 parameters Microbiology

S1 Cave spring 022819 Passed Failed 081319 Passed Failed

S2 Magtangkob River basin 032619 Passed Failed 081319 Passed Failed

S3 DENR impound tank 052019 Passed Failed 081319 Passed Failed

S4 Faucet closest to DENR 
impound tank 052019 Passed Failed 081319 Passed Failed

S5

Faucet farthest from 
DENR impound tank,
elevated part of Sitio 

Emon 

052019 Passed Failed 081319 Passed Failed

S6

Faucet farthest from 
DENR impound tank, 
close to elementary 

school

052019 Passed Failed 081319 Passed Failed

DENR=Department of Environment and Natural Resources; 16 parameters included Chloride (mg/L), Chromium (mg/L), Color, (TCU), Copper (mg/L), Fluoride (mg/L), 
Iron (mg/L), Lead (mg/L), Manganese (mg/L), Nitrate (mg/L), Odor, pH, Sulfate (mg/L), Taste, Total Dissolved Solids (mg/L), Total Hardness (mg/L CaCo3) and Turbidity 
(NTU); Microbiology test included heterotrophic plate count (HPC) in CFU/mL, Total Coliform in most probable number per 100 mL (MPN/100mL) and Fecal Coliform 
(MPN/100mL).
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Plate Count (HPC) in Colony-Forming Units per mL 
(CFU/mL) registered >6500 colonies while the most 
probable number per 100 mL (MPN/100 mL) of  
Total Coliforms and Fecal Coliforms mostly registered 
>8.0. Acceptable limits based on national standards for 
potability are at <500, <1.1 and <1.1 for HPC, Total 
Coliforms and Fecal Coliforms, respectively (PNSDW, 
2017). The microbiological results, therefore, provided 
evidence of  high fecal contamination of  Sitio Emok’s 
freshwater resources and the abundant presence of  fecal 
coliforms.

DISCUSSION

The higher number of  GI symptoms and diarrhoea cases, 
as well as the sporadically high prevalence of  diarrhoea 
in A2 (Table 1 and Figure 2), is a peculiar finding since 
this sub-community is closer to the faucet installations 
and therefore have ready access to freshwater. Also, A2 
is the more organized sub-community within Sitio Emok 
where cement houses and toilets are in abundance while 
A1 community members are more dispersed and located 
in farmlands near irrigation areas with small traditional 
bamboo and wooden houses still being the type of  
dwelling utilized, with no toilets available. The practice 
of  boiling water for drinking, easier access to soap for 
hand washing, necessities like food, clothing and slippers, 
amenities like toilets and higher economic standing are 
more observed in A2 compared to A1. Given these stark 
contrasts between A1 and A2, the researchers cannot, at 
this time, provide any rationale why the higher incidence 
of  GI symptoms and diarrhoea cases were observed 
in the more organized sub-community. Similarly, the 
higher cases of  diarrhoea among females from both 
communities cannot be completely rationalized as males 
in both communities are more exposed to contaminated 
irrigation water in farmlands. It is speculated that the very 
intimate contact of  females/mothers with their children 
as can be referenced from https://www.flickr.com/
photos/allanbarredo/5962812311 have an unexplored 
role of  the transmission of  enteric pathogens from child 
to mother as the highest frequencies of  GI symptoms 
and diarrhoea were observed in the age groups of  0-5 
and 6-10 years of  age in A1 and A2, respectively. In 
addition, the everyday chore of  tending and feeding 
livestock like pigs and goats, as well as poultry may also 
play a role in this observation. Further, it is the females 
who frequent the community health center to have 
their children checked regularly by the Barangay health 
workers (BHW) which may have influenced the higher 
registry of  GI symptoms and diarrhoea cases compared 
to the males in the community who rarely visit the 

community health center. These speculations, however, 
require a deeper and more thorough investigation. 
The 16 parameters of  the physico-chemical results 
were in close agreement for both dry and wet season 
samples and were all within the limits of  the national 
standards for potability. This indicates that there were 
no noxious or poisonous elements in excess in the water 
samples.[15] Relative to this, the water samples are safe 
for drinking. However, the microbiological results based 
on national standards were all failed,[16] meaning that the 
water samples were contaminated with bacteria coming 
from human and animal excreta. In this light, the water 
in Sitio Emok should be subjected to chlorination or 
boiling before consumption to avoid morbidity or 
mortality due to waterborne pathogens.[17,18] In addition, 
it was also recommended to both communities that it 
is a best practice to use boiled water for washing eating 
utensils and drinking containers as well. 
It is important to note that the water impounding 
structure (S3) and faucet networks (S4, S5 and S6) in 
Sitio Emok was only installed by the Department of  
Environment and Natural Resources in 2019. Although 
this significantly alleviated the plight of  this tribal 
community on convenient access to freshwater, it did 
not provide a solution for ready access to potable water. 
Also, upon the conduct of  key informant interviews 
among members of  the council of  elders, community 
members and BHWs, the community did not receive 
instructions on the proper chlorination of  impounded 
water. Interviews with community members two 
months after the complete installation of  the water 
impounding structure and faucets revealed a sustained 
case of  stomach ache, borborygmus and diarrhoea 
among the community members. It was discovered, 
upon further investigation through ocular inspection, 
that the spring source for the water impound structure 
(S3) accumulated large amounts of  soil and sediment. 
Relative to this, dredging was recommended at least twice 
a month. It was only after the provision of  dredging 
instructions and implementing a community awareness-
raising program on Water Quality and Safety as well 
as Proper hand washing did the community report a 
decline in GI symptoms and diarrhoea cases, possibly 
or mostly because of  the inculcated practice of  boiling 
water before consumption as well as using boiled water 
for cleaning eating utensils and drinking containers. It 
should be noted that this was the very first time for this 
IP community to receive a community awareness-raising 
program on Water Quality and Safety as well as Proper 
hand washing based on the results of  the communities’ 
freshwater resources along with instructions to perform 
dredging of  the spring source of  S3 to prevent the 
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accumulation of  soil and sediment which may carry 
with it noxious substances and enteric pathogens.[19-22]It 
is interesting to note that the cave spring water (S1) has 
been an ancient freshwater resource for the indigenous 
community, however, it is supposed that members of  
the tribe to the present day have not developed any 
immunity following chronic exposure to the pathogens 
present in the water as evidenced by the high registry 
of  GI symptoms and diarrhea cases thereby sparking 
interest in seroprevalence testing for waterborne 
pathogens.[4,23] Ingestion of  water with high levels of  fecal 
coliform contamination can potentially cause morbidity 
in both immunocompetent and immunocompromised 
individuals. More importantly, the risk of  morbidity and 
mortality due to diarrhea is higher for children drinking 
fecal coliform contaminated water[24] which may be the 
case in the present study as the highest cases of  diarrhea 
were reported in the age groups of  0-5 and 6-10 in 
sub-communities A1 and A2, respectively. This cave is 
inhabited by swallows, bats and frequented by legged-
reptiles, snakes and frogs, the habitation of  which poses 
an additional risk for water contamination via excreta 
with viruses[25-28] and waterborne protozoan pathogens 
like Cryptosporidium, Cyclospora and Giardia which are 
common agents of  diarrhea following soil run-off  due 
to precipitation events.[6,7,9]The results of  this study, 
have for the first time, shed light on the quality of  the 
freshwater resources utilized by the Hanunuo Mangyan 
in Sitio Emok, Occidental Mindoro, Philippines. In 
the perspective of  CES for IP, this study has provided 
substantial evidence on the key role of  water quality, 
relative to community needs assessment and may very 
well play a central role in building the foundations for 
the improvement of  the health status and quality of  life 
of  IP in the Philippines. Further, community awareness-
raising programs and activities have proven to be 
effective strategies in reducing endemic diseases,[29] which 
was similarly observed in the IP community engaged 
by the CES in the present study where the practice of  
boiling water before consumption aided in decreasing 
GI symptoms and diarrhoea cases as reported by the 
Council of  Elders, Sitio leaders and BHWs. 
The results of  this study recommend the prioritization of  
water quality assessment in IP communities at the onset 
of  community extension service and the implementation 
of  community awareness-raising programs and activities 
towards the central role that clean water and hygiene 
play in the maintenance of  health and improved quality 
of  life.

CONCLUSION

The results of  the present study demonstrated that 
assessment of  water quality should be a priority area 
in the community needs assessment of  an indigenous 
community, conducted at the onset of  community 
extension service. Trends of  gastrointestinal symptoms 
and diarrhoea cases collated with physico-chemical 
and microbiological results of  water samples and 
revealed high contamination with fecal coliforms with 
increased gastro-intestinal symptoms and diarrhoea 
cases observed during the wet season. Community 
awareness-raising programs and activities on the quality 
of  freshwater resources proved valuable in mitigating 
the effects of  waterborne pathogens through the 
communities’ adoption of  the practice of  boiling water 
before consumption. 
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