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ARTICLE DETAILS ABSTRACT

Article History: The study was carried out to assess and provide a baseline data on the water quality of Antiao River in Samar,
_ Philippines. Samples were collected in the upstream, midstream and downstream sections of the river. Based
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downstream section showed higher acidity which gives 2.57 both surface and bottom of the water column. On
the other hand, dissolved oxygen found to have 4.3 and 4.1 mg L-! concentration at the upstream and decreases
to 3.2 and 3.0 mg L'* downstream. Water temperature also increases from 26.2 °C in the midstream to 28.5 °C
at the downstream. Salinization were observed from the midstream to downstream with an average salinity
concentration of 29.3 g L! to 30.3 g L respectively. Furthermore, Biochemical oxygen demand (BOD)
conformed with the water quality standard. Likewise, microbial counts in most probable number (MPN) in
both surface water columns of the midstream and downstream portions to 160,000 MPN/100mL higher than
the usual 5,000 MPN/100mL standard. Escherichia coli with highest concentration at downstream of 92,000
MPN. Arsenic (As) was detected at 0.60 mg L to 0.656 mg L which is higher to the standard level while
Lead (Pb) and Cadmium (Cd) are within the standards. Based on the results, the water quality of the river
exceeded by the Department of Environmental and Natural Resources - Environmental Management Bureau
(DENR - EMB) standards for Class C water bodies.
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1. INTRODUCTION water body.

River water is an important natural resource and an important component In the Philippines, the Republic Act (RA) No. 9003 also known as
of economy. Communities tend to live near a river mainly because of the Ecological Solid Waste Management Act of 2000 mandates the proper
availability of fresh water for daily use, and to irrigate their land for segregation and collection of solid waste at the community specifically for
agriculture. Aside from providing habitat for fish and wildlife, it also biodegradable, compostable and reusable wastes. Similarly, R.A. No. 9275
serves as channel for transport especially because of the wide and deep also known as the Philippine Clean Water Act of 2004 was promulgated to
waters. However, due to increasing urbanization, water river quality often protect the country’s water bodies against pollution from land-based
compromised. Most river systems suffer from anthropogenic activities and sources. The R.A. no. 9275 also prohibits discharging or depositing any
are impacted by both natural and anthropogenic causes (Héder et al, pollutant to water bodies. There are intensive drives conducted by the
2020; Khatri and Tyagi, 2015). Hence, there is a need to monitor surface local and national agencies to clean up the river system. However, the
waters to detect the status and trends in water quality, and to identify efforts of the government to maintain the quality of the river and its
whether observed trends arise from natural or anthropogenic causes tributary creeks and canals are not effective because of the lack of
(Rode and Suhr, 2007). participation of some residents and other commercial establishments.
Water quality alteration constitutes a major environmental impact of Antiao River in Catbalogan City, Samar, Philippines is one of the existing
many water uses and water development activities. The most obvious bodies of water that is a typical ecosystem disturbed by anthropogenic
source of quality alteration resulting from water use is the discharge of activities. The 4.0-km stretch of the river was classified as alluvial in
municipal, agricultural and industrial wastewater. There are also midstream and downstream while the upstream section is bedrock type
residents living along the river banks and coastal areas. Some have no which is composed of sandstone and limestone formation (Orale, 2015).
sanitary toilets and directly dispose their wastes to the water body which Soil erosion in the upstream is severe and is mostly caused by surface
affects the water quality. Wastewater coming from all these sources runoff during heavy precipitation which are deposited into the entire
contributes to the increased of Biochemical Oxygen Demand (BOD) load riverbed. Currently, there are no specific studies conducted on the floras
constituting water pollution. According to Salla and Gosh (2014), about and faunas of the river water.

75.0% of surface water are contaminated by certain pollutants. In a recent
study conducted out of 77.24 tons of waste generated daily, 26.06 tons are
discharged in the waterways and some are directly to the river (Moya,
2013). Due to lack of sufficient and effective sewage treatment, sanitary
facilities, improper solid wastes disposal, the river became a polluted

The river is still an unclassified water body due to lack of data on water
characteristics that will support for classification by the DENR-EMB.
Therefore, there are no specific standards on water usage and beneficial
purposes of the river. However, for the purpose of the study, itis presumed
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to be classified as Class C, the lowest level of water classification which is
intended for navigation, agriculture, irrigation, livestock watering, and
industrial water supply for class II of DENR Administrative Order (DAO)
34 series of 1990.

In determining water quality of an aquatic ecosystem such as rivers and
lakes, parameters that are frequently sampled or monitored include
temperature, dissolved oxygen (DO), pH, electrical conductivity, and
turbidity. For water monitoring, measurements may include biological
and microbiological parameters such as total algae, total coliform; or
chemical parameters such as total hardness (TH) and calcium hardness
(Ca-H), chemical oxygen demand (COD), biochemical oxygen demand
(BOD), sulphate, nitrate and chloride levels. Some heavy metals like Iron,
Zinc, Cadmium, Mercury, Nickel and Chromium are also analyzed from
samples taken from the study sites (Gorde and Jadhav, 2013; Alam, Islam,
Muyen, Mamun and Islam, 2007).

Currently, there are no sufficient information on regular monitoring
activities of Antiao River. Assessing the water quality is very important for
quantifying the level of pollutants and degree of pollution. The result of
this study can be used to acquire necessary information that can support
in policy formulation, water usage, classification and potential
rehabilitation of the river.

2. MATERIALS AND METHODS
2.1 Sampling Site

The study site is Antiao River which has a total length at about 4.08 km.
The flowing water originates from the Antiao watershed which is

approximately about 1,942.4 hectares with one tributary river in the east
side of Barangay San Andres. The river is used for navigation and for water
irrigation of crops and other agricultural plants.

Three sampling stations were assessed in the study as shown in Figure 1.
This are upstream, midstream and downstream sections of the river. The
criteria of the sampling points are based on geographical location of the
selected villages were densely populated along the riverbank. The
upstream section of the river was located along the vicinity of San Andres
village at the coordinates of 11°47°13.99” N and 124°53°46.51 E with a
depth of 0.8 meter. The midstream also covered Canlapwas village at
11°47°1.25” N and 124°53’8.74” E at a depth of 3.5 meters. While, the
downstream section with a depth of 6.5 meters was stationed along
Mercedes village at 11946'48.02” N and 124952°47.38” E. Surface and
bottom collection of the water column were collected to determine the
vertical variations of each stations.

2.1.1 Sample Collection, Handling and Preservation

Van Dorn sampler were used to collect samples at the bottom of the water
column using polyethylene bottles as sampling container. A separate
container was used for heavy metals and microbiological test with
designated label. For microbiological (Fecal, Total coliform and
Escherichia coli) and BOD test, samples were stored and preserved in a
cooler box with enough ice while for heavy metals (Lead, Cadmium,
Arsenic) was preserved in 1.0% nitric acid (HNO3, Sigma, USA) at Ph < 2.0.
Samples were immediately transported to the Department of Science and
Technology - Regional Standards and Testing Laboratory (DOST-RSTL)
for laboratory test.
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Figure 1: Map of Antiao river and sampling points along Catbalogan, Samar, Philippines

2.2 Test Method
2.2.1 Physico - chemical test

A Membrane Electrode method were employed using a calibrated multi-
parameter water tester (Lutron WA-2015, Victoria, Australia) to measure
the pH, dissolved oxygen (DO), and temperature while the salinity
concentration was analyzed using handheld salinity refractometer (Atago,
Saitama, Japan). For the BOD analysis, a 5-Day BOD test was used to
determine the concentration of the samples (Baird, Eaton and Rice, 2017).

2.2.2 Heavy metals

Direct Flame Atomic Absorption Spectrophotometric method were used
for Lead and Cadmium tests while Hydride Vapor Generation-Direct Flame
Atomic Absorption Spectrophotometric for Total Arsenic test. All reagents
and standard solutions used in the analysis are analytical grade and trace
metals grade chemicals (Baird, Eaton and Rice, 2017).

2.2.3 Microbiological test

A Multiple Dilution Tube Fermentation were employed to determine the

Most Probable Count (MPN) of coliform (Escherichia coli, Fecal and Total
Coliform) present in a 100mL of sample. Resultant coding was translated
by mathematical probability tables into population numbers (Baird, Eaton
and Rice, 2017).

2.3 Statistical Analysis

The test results were summarized as mean * standard deviation. Analysis
of Variance (ANOVA) at 95% level of confidence will be used to determine
significant different differences to sampling stations to its water quality.
Post-hoc tests namely Fisher and Tukey were used if there were significant
differences found in ANOVA.

3. RESULTS AND DISCUSSIONS

3.1 Physico-chemical characteristics of Antiao River

The statistical summary of the selected physico-chemical parameters for
determining surface and bottom water quality are presented in figure 2

which shows the trends in the measured parameters. The surface pH of the
upstream is slightly acidic at 6.38 + 0.21 on average while the bottom
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water column is slightly basic at 7.53 + 0.34. The acidity of Antiao river
increases as it proceeds downstream, reaching a surface and bottom water
column pH of 2.57 + 0.01. The results of ANOVA indicate that there is
significant difference between measurements of the surface and bottom

water column quality between sampling points (P = 0.00) with
significantly acidic pH at the downstream compared to the midstream, and
upstream.
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Figure 2: Physico-chemical characteristic of surface and bottom of the Antiao River water: (a) pH, (b) salinity, (c) dissolved oxygen, and (d) water
temperature.

Salinity concentration was also analyzed in the samples to determine if
there is an evident of salinization process of the river. Salinization is a
natural process by depositing ionic substance by natural factors such
rainfall, rock weathering, seawater intrusion and aerosol deposits
(Williams, 2002). Results showed an increase from 0.0 g L' in the
upstream to 10.00 + 1.00 L-* to 30.3 + 0.58 L1 in surface and bottom water
columns of the downstream respectively. Similarly, results from ANOVA
indicate significant difference in the surface salinity in the upstream
compared to the midstream and downstream. However, no significant
difference in the bottom water column salinity between the midstream
and downstream. However, both locations had significantly higher salinity
than the upstream.

Dissolved oxygen (DO) is one of the most important indicators of water
quality. It is a by-product from aquatic plants photosynthesis, wave and
wind actions by aerating the air to the surface of the water. The surface DO
in the water column increases from 2.33 * 0.06 mg L-! in the upstream to
2.83 £ 0.06 mg L' in the midstream and to 3.90 + 0.35 mg L-' downstream.
The bottom column’s DO decreases from 3.20 + 0.00 mg L-! in the upstream
to 2.30 + 0.17 mg L at the downstream. The ANOVA showed that there
were significant differences between the location points for both the
surface (P = 0.00) and bottom (P = 0.000) samples. The Fisher and Tukey
Tests indicate that the downstream and midstream had no significant
difference with each other, but both had significantly higher DO than the
upstream.

On the other hand, the surface and bottom water column temperatures of
the upstream of Antiao River are both at 26.2 + 0.00 °C. The surface
temperature then increases in the midstream towards the downstream,
reaching an average of 28.5 + 1.61 °C. The bottom water column remains
constant at 30.1 * 0.10 °C. The ANOVA showed that there was no
significant difference in the surface temperature of each location (P =
0.066). However, there were significant difference in the bottom water
column samples (P = 0.000) of which, the Fisher and Tukey tests indicates
a higher temperature at the midstream and downstream compared to the
upstream.

Healthy freshwater bodies usually have pH range of 6.5 - 8.5, water
temperature at 26.0 - 30.0 °C and DO levels of 8 mg L or higher. Although,
DO of at least 5 mg L-! can still support aquatic species (FEI, 2013; VWREC,
2019; DENR DAO 2016-08, 2016). Acidity of the river can significantly
affect the established parameters by chemical, biological and physical
components of the river such as the availability of nutrients like
phosphorus, nitrogen and other organic and inorganic compounds.

Likewise, the increase in acidity for freshwater systems are typically
attributed to atmospheric deposition of nitric and sulfuric acids (Angelier,
2003) or through anthropogenic stresses (Hader and Gao, 2015).
Increasing acidity can also be caused from increasing humic or organic
inputs as the river travels downstream. The midstream and downstream
portion of Antiao River are surrounded by several households which
increases the chance of domestic and organic wastes reaching the river
and therefore increases the acidity of the system. Edokpayi et al. (2017)
further illustrated that low pH level can be a result of domestic discharge
and water runoffs from industrial and agricultural effluents in an area.
Also, according to Cebu and Orale (2017), one of the major factors in the
degradation of the quality of water is due to human-induced factors such
as poor solid and water waste disposal management of the residents.
These human and industry-induced factors could have also led to the
increased salinity of the Antiao River towards the downstream. The cause
of the increase in acidity and likewise the increase in salinity and
temperature are determining factors for solubility of oxygen in the river.
Dissolved gases are typically affected by partial pressure, temperature,
salinity, respiration and photosynthesis (FEI, 2013; Deacutis, 2015). As
such, increasing temperature generally reduces the solubility of gases and
hence DO reduces. A similar effect is observed with increasing salinity of
the stream for samples at the downstream and is consistent with other
studies (FEI, 2013; Deacutis, 2015). The uncontrolled introduction of
waste particularly organic materials into the river potentially increased
the decomposition rates in river which is facilitated by microbial
organisms and consumes oxygen in the process. Though it is already
alarming for the Antiao River to have low DO even at the upstream.

3.2 Biochemical Oxygen Demand (BOD)

Biochemical Oxygen Demand measures how much oxygen is consumed by
bacteria as they break down organic pollutant in the water. It is measured
by observing how much dissolved oxygen levels decreases in a sample
over a 5-day period. It gives an indication of the amount organic matter in
theriver. Alow BOD indicates good water quality while a high BOD means
that the body of water is polluted (Sharma and Kansal, 2011). Unpolluted
waters typically have BOD values of 2 mg L-! or less, while those than
potentially receive organic waste and wastewater can increase BOD values
to 10 mg L-! or more (Prandi-Rosa and Farache Filho, 2002).

Results of BOD analysis was presented in Figure 3. Based on DENR
Administrative Order No. 2016-08 (2016) specifies that the standard for
BOD is 3.0 mg L%
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Figure 3: BOD results in different sections of the river.

Based on these results, BOD level in the surface and bottom column of
upstream section found low concentration at 0.88 and 1.34 mg L1
respectively. This indicates that the water quality of the river is clean and
free from pollutants. However, in the midstream and downstream section,
it is found out that there is a high BOD concentration at 4.12 mg L-! and
4.24 mg L1 in the surface of midstream and downstream area while 5.58
mg L1 in the bottom column of downstream section. However, BOD
concentrations are still below the standard limits set by the DENR-EMB.
ANOVA tests show there is significant difference between the BOD of the
river surface (P = 0.00). Fisher and Tukey tests indicate that the midstream

and downstream surface BOD were significantly higher than the upstream
BOD. The bottom BOD measurements were also found significant
difference using ANOVA (P = 0.00). And that the downstream has greater
bottom BOD compared to the midstream and the upstream. Higher BOD
load in the water columns shows of midstream and downstream portions
of the river are much more polluted. Since BOD is an indication of pollution
level, this result show than there is potentially a high discharge volume of
wastewater being introduced into the river. The sources of discharge are
possibly coming from domestic and industrial facilities which affects the
water quality of the river water. The higher BOD in the midstream and
finally downstream signifies the accumulation of organic wastes towards
the end of the river and are hence of higher values. This observation is
common in other areas with industries and households surrounding an
inland water system such as in Pasig River, Philippines (Cruz, 1997) and
Meycauayan River, Philippines (Pleto, Migo and Arboleda, 2020).
Industries surrounds the Pasig river are tanneries, textiles, food
processing plants and distilleries while in Meycauayan river were meat
and fish processing, agri-aqua crops and limestone industry.

3.3 Microbiological characteristics

Microbial contamination of water with pathogenic organisms could result
in the transmission of waterborne diseases for people who use the water
resource for domestic and other purposes (Chigor et al, 2013). The DENR
- EMB water quality standards for Class C water bodies indicate that the
Fecal coliform is 400 MPN /100 mL while Total coliform is 5,000 MPN/100
mL. Figure 4 illustrates the trend in microbial count as the river. The
highest counts of total coliform and fecal coliform were obtained at
downstream section of the river with 160,000 MPN/100 mL respectively
while in the surface and bottom column in midstream has a count of
160,000 MPN/100m beyond DENR - EMB standards. Escherichia coli also
found in all sampling points which indicates of human and animal waste
discharges in the river.
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Figure 4: Sampling stations counts (a) Total Coliform, (b) Fecal Coliform and (c) E. coli in Antiao River.

The presence of pathogenic bacteria in the river water can affect post-
harvest quality, not just of wild fishery resources, but also of aquaculture
commodities, as the water for fish farming is also sourced from the bay
and its river tributaries. The presence of pathogenic bacteria in dried fish
products was supported by the study of Amascual et al. (2023), in which
Staphylococcus aureus, a histamine-forming bacteria and an indicator of
human pollution, was detected along the supply chain. Health of the
consumers, therefore, is greatly at risk especially since people tend to
consume more fishery resources because of its healthier reputation. Due
to the characteristics of coliforms, they are used in detecting human and
animal fecal contamination in bodies of water. The World Health
Organization uses coliforms as a microbiological parameter for assessing

water quality due to high occurrence of the bacteria in the feces of humans
and warm-blooded animals, high counts in wastewater and polluted
waters and absence from pure water and other environments which do
not have any contact or intervention with humans and other animals
(Ashbolt, Garrbow and Snozzi, 2001).

3.4 Heavy metals contamination

Heavy metals are poisonous substances than can cause damage or death
to plant and animal life. These are totally non-degradable or practically
speaking, indestructible, and so they accumulate in the environment. The
DENR - EMB standards for Lead (Pb) is 0.05 mg L%, 0.05 mg L for
Cadmium (Cd) and 0.01 mg L! for Arsenic (As).
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Figure 5: Concentrations of (a) Lead, (b) Cadmium, and (c) Arsenic in Antiao River.

Accumulation of heavy metals concentrations such as Pb, and Cd is below
the DENR - EMB standards in all sections of the river except for the As
which contain 0.600 mg L in surface and 0.600 to 0.656 mg L-! in bottom
column. Arsenic (As), a naturally occurring element, is found throughout
the environment. The International Agency for Research on Cancer (IARC,
2012) has classified inorganic arsenic in their Group 1 of substances that
are carcinogenic to humans. Inorganic arsenic may be present in soil,
either from natural mineral deposits or contamination from human
activities, which may lead to dermal or ingestion exposure (Agency for
Toxic Substances and Disease Registry, 2007). Heavy metal contaminates
river systems through different scenarios. It can be due to point sources
such industrial wastes and discharges or non-point sources such as runoff
of landfills (Duncan, de Vries and Nyarko, 2018). In the study conducted
by Echapare, et.a. (2019), copper metals has been traced in Maqueda Bay
in Samar. These metals should be given utmost importance in measuring
pollution level of Antiao River as they have relatively high toxicity,
persistence and tendency to bioaccumulate in aquatic resources or biota.
The heavy metals in inland water systems such as Antiao River tend to
accumulate in sediments. And it there, they act as sinks and sources of
contaminants in water (Aguilar et al, 2012). These Heavy metals have
severe effects on the receiving environment. And because of
bioaccumulation, there is potential for these toxic materials to go into in
the food chain and ultimately reach human consumers (Favour and Obi,
2014).

4, CONCLUSION

Based on findings, some of the pollutants analyzed from the water samples
of Antiao River exceeded by the DENR - EMB standards for Class C water
bodies. The pH level showed highly acidic at downstream while slightly
acidic at the midstream sections of the river. Other parameters such as
water temperature, BOD and DO are below the standard level. Salinization
process were observed along the midstream and upstream of the river
detecting a salinity from 5.0 - 10.0 g L-! in surface columns while 29.3 to
30.3 in the bottom column of the river indicating that there is salt intrusion
of seawater. Microbial contamination in the water system such Total
Coliform, Fecal and E. coli were detected in all sections of the river.
However, in the downstream section showed the highest coliforms and E.
coli which indicates that there is human and animal waste discharges to
the river. Inorganic Arsenic were also detected above the normal value of
0.01 mg L. Primarily, inorganic arsenic is a naturally occurring element
which can be found throughout the environment. However, study showed

that ingestion of inorganic arsenic in humans has been associated with an
increased risk of nonmelanoma skin cancer and also to an increased risk
of bladder, liver, and lung cancer. The DENR - EMB has classified inorganic
arsenic as a human carcinogen. Future study should also be conducted in
a larger sample size and extended period of times in all seasons.
Furthermore, the local government units and environmental agencies
should have a sustainable long-term environmental monitoring programs
for the protection and conservation of the river.

ACKNOWLEDGEMENTS

The authors would like to thank Samar State University (SSU) and Center
for Fisheries and Aquatic Resources Research and Development (CFARRD)
for the fund support and the facilities used in the study and also to DOST-
RSTL for laboratory services.

FUNDING

The research was funded by Samar State University - Research and
Extension Office.

REFERENCES

Agency for Toxic Substances and Disease Registry (ATSDR). 2007.
Toxicological Profile for Arsenic (Update). U.S. Public Health Service,
U.S. Department of Health and Human Services, Atlanta, GA.

Aguilar, C. A, Montalvo, C.,, Rodriguez, L., Ceron, J. G., & Ceron, R. M. 2012.
American oyster (Crassostrea virginica) and sediments as a coastal
zone pollution monitor by heavy metals. International Journal of
Environmental Science and Technology, 9, 579-86.
https://doi.org/10.1007/s13762-012-0078-y

Alam, M. ], Islam, M. R., Muyen, Z.,, Mamun, M., & Islam, S. 2007. Water
quality parameters along rivers. International Journal of
Environmental Science & Technology, 4(1), 159-167.

Amascual RH, Panganoron H, Gamba A, Irene E. Physicochemical and
microbiological attributes of dried anchovies (Stolephorus
commersonnii) in the formation of histamine along the supply chain.
Ital ] Food Saf. 2023 Sep 4;12(3):11319. doi: 10.4081/ijfs.2023.113109.
PMID: 37753205; PMCID: PMC10518830.

Cite The Article: Ruel H. Amascual, Harold O. Panganoron, Andrew M. Gamba, Elmer A. Irene, Ma. Luningning L. Amparado (2024).

Water Quality Assessment of Antiao River in Samar, Philippines. Water Conservation & Management, 8(2): 227-233.



Water Conservation & Management (WCM) 8(2) (2024) 227-233

Angelier, E. 2003. Ecology of Streams and Rivers. Enfield: Science
Publishers, Inc.,

Ashbolt, N. J., Garbow, W. 0. & Snozzi M. 2001. Indicators of microbial
water quality. In: Fewtrell, L., & Bartram ]. (Eds.). Water Quality:
Guidelines, Standards and Health. London: IWA Publishing; 2001.
Chapter 13.

Baird, R. B., Eaton, A. D. & Rice, E. W. 2017. Standard Methods for the
Examination of Water and Wastewater. American Public Health
Association, American Water Works Association, Water Environment
Federation

Brown, T. C., & Froemke, P. 2012. Nationwide assessment of nonpoint
source threats to water quality. BioScience, 62(2), 136-146.
https://doi.org/10.1525/bi0.2012.62.2.7

Carr, G. M., & Neary, J. P. 2006. Water Quality for Ecosystem and Human
health. United Nations Environment Programme Global Environment
Monitoring System (GEMS)/Water Programme. ISBN 92-95039-10-6.

Chigor, V. N,, Sibanda, T., & Okoh, A. 1. 2013. Studies on the bacteriological
qualities of the Buffalo River and three source water dams along its
course in the Eastern Cape Province of South Africa. Environmental
Science and Pollution Research. 20:4125-4136.
https://doi.org/10.1007 /s11356-012-1348-4

Cruz, T. 1997. Case study III - The Pasig river. In: Water Pollution Control
- A Guide to Use of Water Quality Management Principles.
https://www.who.int/water_sanitation_health/resourcesquality /wp
ccasestudy3. pdf

Deacutis, C. F. 2016 Dissolved Oxygen. In: Kennish M. ]. (Ed.) Encyclopedia
of Estuaries. Encyclopedia of Earth Sciences Series. Springer,
Dordrecht. https://doi.org/10.1007/978-94-017-8801-4_72

DENR-EMB. 1990. Department of Environment and Natural Resources
Environmental Management Bureau Administrative Order no. 34
(Series 0f 1990). Revised Water Usage and Classification Water Quality
Criteria Amending Section Nos. 68 and 69, Chapter III of the 1978
NPCC Rules and Regulations.

DENR-EMB. 1994. Department of Environment and Natural Resources
Environmental Management Bureau Administrative Order no. 26-A
Series of 1994. Philippine Standards for Drinking Water 1993 Under
the Provision of Chapter II, Section 9 of PD 856, otherwise known as
the Code of Sanitation of the Philippines.

DENR-EMB. 2001. Department of Environment and Natural Resources
Environmental Management Bureau Administrative Order No. 2001 -
34. Implementing Rules and Regulations of the Philippine Clean Water
Act of 2004. Republic Act no. 9003.

DENR-EMB. 2005. Department of Environment and Natural Resources
Environmental Management Bureau Administrative Order no. 2005-
10. Implementing Rules and Regulations of the Philippine Clean Water
Act of 2004. Republic Act no. 9275.

DENR-EMB. 2008. Department of Environment and Natural Resources
Environmental Management Bureau. Water Quality Monitoring
Manual Volume I & II. Manual on Ambient Water Quality Monitoring.

DENR-EMB. 2016. Memorandum Circular No. 12 series of 2016. EMB
Approved Methods of Analysis for Water and Wastewater.

DENR-EMB. 2018. Water Quality Management System. Region 8, List of
Waterbodies. Retrieved http://water.emb.gov.ph/?page_id=781.

Duncan, A. E,, de Vries, N. & Nyarko, K. B. 2018. Assessment of heavy metal
pollution in the sediments of the River Pra and its tributaries. Water,
Air, & Soil Pollution, 229(8):10. https://doi.org/10.1007/s11270-
018-3899-6.

Edelyn O. Echapare, Frank Angelo A. Pacala, Rezy V. Mendano, Joy B. Araza,
Physico-chemical and microbial analysis of water in Samar mussel
farms, The Egyptian Journal of Aquatic Research, Volume 45, Issue 3,
2019, Pages 225-230

Edokpayi, J. N, Odiyo, ]. 0., & Durowoju, O. S. January 18th 2017. Impact of
Wastewater on Surface Water Quality in Developing Countries: A Case
Study of South Africa, Water Quality, Hlanganani Tutu, IntechOpen,
DOI: 10.5772/66561. Available from:
https://www.intechopen.com/books/water-quality /impact-of-

wastewater-on-surface-water-quality-in-developing-countries-a-
case-study-of-south-africa

Favour, VAA. & Obi Y.L. 2014. Levels of lead, iron and cadmium
contamination in fish, water and sediment from Iwofe site on New
Calabar River, Rivers State. International Journal of Extensive
Research, 2014 (3), 10-5.

Fernandez, P.R. Jr. 2009. The sea around the Philippines: Governance and
management for a complex coastal ecosystem. Environment, 51(3),
36-51. Retrieved from www.environment magazine.org

Fondriest Environmental, Inc. 2013. Dissolved Oxygen. Retrieved 12
November 2020 from: https://www.fondriest.com/environmental-
measurements/parameters/water-quality/dissolved-oxygen/

Gorde, S.P., & Jadhav, M.V. 2013. Assessment of water quality parameters:
a review. International Journal of Engineering Research and
Applications, 3(6), 2029-2035.

Gorme, J.B,, Maniquiz, M.C,, Song, P, & Kim, L.H. 2010. The water quality of
the Pasig River in the City of Manila, Philippines: Current status,
management and future recovery. Environmental Engineering
Research, 15(3), 173-179. doi:10.4491 /eer.2010.15.3.173

Héader, D.P., Gao, K. 2015. Interactions of anthropogenic stress factors on
marine phytoplankton. Frontiers in Environmental Science, 3 (14), 1-
14. https://doi.org/10.3389/fenvs.2015.00014

Hader, D. P., Banaszak, A. T., Villafafie, V. E., Narvarte, M. A,, Gonzalez, R. A,,
& Helbling, E. W. 2020. Anthropogenic pollution of aquatic
ecosystems: Emerging problems with global implications. Science of
the Total Environment, 713, 136586.

Haileselasie, T.H., & Teferi, M. 2012. Influence of water quality on the
diversity and distribution of macroinvertebrates in Hiwane second
order stream, Northern Ethiopia. Research Journal of Environmental
and Earth Science, 4(4), 475-481.

Hebert, & Kundel, J. 2008. Chemical properties of rivers. In: Encyclopedia
of Earth, Cleveland, C.J. (Ed.). Washington, D.C.: Environmental
Information Coalition, National Council for Science and the
Environment

IARC. 2012. IARC Monographs on the Evaluation of Carcinogenic Risk to
Humans. A Review of Human Carcinogens: Arsenic, Metals Fibers and
Dusts. Volume 100C Lyon, France: International Agency for Research
on Cancer.
http://monographs.iarc.fr/ENG/Monographs/vol100C/index.php.

Islam, M. S., Tusher, T. R., Mustafa, M., & Mahmud, S. 2012. Effects of solid
waste and industrial effluents on water quality of Turag River at
Konabari industrial area, Gazipur, Bangladesh. Journal of
Environmental Science and Natural Resources, 5(2), 213-218.
https://doi.org/10.3329 /jesnr.v5i2.14817

Johansson ME, Nilsson C, Nilsson E 1996. Do rivers function as corridors
for plant dispersal?. Journal of Vegetation Science, 7, 593-598.

Juahir, H,, Zain, S. M., Yusoff, M. K,, Hanidza, T. I. T., Armi, A. S. M., Toriman,
M. E., & Mokhtar, M. 2011. Spatial water quality assessment of Langat
river basin (Malaysia) using environmental techniques. Environment
Monitoring Assessment, 173, 625-641. https://doi.org/10.1007/
s10661-010-1411-x.

Khatri, N., & Tyagi, S. 2015. Influences of natural and anthropogenic factors
on surface and groundwater quality in rural and urban areas. Frontiers
in Life Science, 8(1), 23-39.

Langhammer, J. 2010. Water quality changes in the Elbe River basin, Czech
Republic, in the context of the post-socialist economic transition.
GeoJournal, 75(2), 185-198. https://doi.org/10.1007/s10708-
0099292-7

Ling, T. Y., Dana, M. ], Bostam, S., & Nyanti, L. 2012. Domestic wastewater
quality and pollutant loadings from urban housing areas. Iranica
Journal of Energy and Environment, 3(2), 129-133.

Martinez, F. B,, & Galera, I. C. 2011. Monitoring and evaluation of the water
quality of Taal Lake, Talisay, Batangas, Philippines. Academic Research
International, 1(1), 229-236.

Moya, V.L. 2013. Practices, systems and issues on solid waste management

Cite The Article: Ruel H. Amascual, Harold O. Panganoron, Andrew M. Gamba, Elmer A. Irene, Ma. Luningning L. Amparado (2024).

Water Quality Assessment of Antiao River in Samar, Philippines. Water Conservation & Management, 8(2): 227-233.




Water Conservation & Management (WCM) 8(2) (2024) 227-233

in Catbalogan City, Philippines. Countryside Development Research
Journal, 1(1), 31- 42. ISSN 2449-4577.

Orale, R. L. 2009. Towards solving coastal debris problems in Catbalogan,
Samar and Maqueda Bay, Philippines. Paper presented at the at the
International Conference on the Role of Universities in Hands-On
Education, Chiang Mai, Thailand, August 2009.

Orale, R. L. 2015. Antiao River Flood Risk Assessment in Catbalogan City,
Philippines. Paper presented at the ICONSIE & 15th PSSN Convention,
Hotel Stotsenberg Clarkfield, Pampanga, Philippines May 26-30, 2015.

Orozco, G. P, & Zafaralla, M. T. 2012. Biophysico-chemical and
socioeconomic study of two major Manila esteros. Biology Education
for Social and Sustainable Development, 161-171. doi: 10.1007/978-
94-6091-927-5_17

Pleto, J., Migo, V. P, & Arboleda, M. 2020. Preliminary water and sediment
quality assessment of the Meycauayan River Segment of the Marilao-
Meycauayan-Obando River System in Bulacan, the Philippines. Journal
of Health & Pollution, 10(26), 200609. https://doi.org/10.5696/2156-
9614-10.26.200609

Prandi-Rosa G. A. & Farache, F. A. 2008. Avaliacdo de parametros de
qualidade de dguas superficiais em mananciais do municipio de Jales
- SP. Evaluation of quality parameters of superficial water in springs
from Jales - SP. Holos Environment. 2 (1), 36-51.

Radomes, N.C. 2014, February 18. Mayor Steph Uy-Tan first 100 days
accomplishment in office. Wikinut News. Retrieved March 11, 2019
from https://news.wikinut.com

Rafiola, R. A. G., & Santiago, K. S. 2009. Assessing the Sediment Quality of
Estero de Sante Bafiez. Philippine Journal of Science, 138 (2), 211-217.

Rode, M., & Suhr, U. 2007. Uncertainties in selected river water quality
data. Hydrology and Earth System Sciences, 11(2), 863-874.

Salla, S. & Ghosh, S. 2014. Assessment of water quality parameters of lower

lake, Bhopal. Applied Science Research, 6(2), 8-11.

Sharma, D., & Kansal, A. 2011. Water quality analysis of River Yamuna
using water quality index in the national capital territory, India (2000-
2009). Applied Water Science, 1(3), 147-157.

Shrestha, S. and Kazama, F. 2007 Assessment of Surface Water Quality
Using Multivariate Statistical Techniques: A Case Study of the Fuji
River Basin, Japan. Environmental Modelling and Software, 22, 464-
475.

Sikder, M. T, Kihara, Y., Yasuda, M., Yustiawati, Mihara, Y., Tanaka, S., ... &
Kurasaki, M. 2013. River water pollution in developed and developing
countries: Judge and assessment of physicochemical characteristics
and selected dissolved metal concentration. CLEAN - Soil, Air, Water,
41(1), 60-68. https://doi.org/10.1002/clen.201100320

Teresa, F. B, Romero, Rde M., Casatti, L, & Sabino, J. 2011. Fish as
indicators of disturbance in streams used for snorjkeling activities in
a tourist region. Environmental Management, 47(5), 960-968.
https://doi.org/10.1007/s00267-011-9641-4

Vancouver Water Resources Education Center 2019. Water Quality:
Temperature, pH and Dissolved Oxygen. Retrieved 10 February 2020
from: www.middleschoolchemistry.com/lessonplans/.

Vorosmarty, C.]., Mclntyre, P. B,, Gessner, M. 0., Dudgeon, D., Prusevich, A.,
Green, P., Glidden, S., Bunn, S. E,, Sullivan, C. A, Reidy-Liermann, C.,, &
Davies P. M. 2010. Global threats to human water security and river
biodiversity. Nature, 467, 555-561.

Williams, W.D. 2002. Environmental threats to salt lakes and the likely
status of inland saline ecosystems in 2025. Environmental
Conservation, 29, 154-167.
https://doi.org/10.1017/S0376892902000103

Sharma, D., & Kansal, A. 2011. Water quality analysis of River Yamuna
using water quality index in the national capital territory, India (2000-
2009). Applied water science, 1(3), 147-157.

-LQ 9>
e mee—————————

Cite The Article: Ruel H. Amascual, Harold O. Panganoron, Andrew M. Gamba, Elmer A. Irene, Ma. Luningning L. Amparado (2024).

Water Quality Assessment of Antiao River in Samar, Philippines. Water Conservation & Management, 8(2): 227-233.




