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Monitoring and maintaining the quality of drinking water is vital to 
community health, and is feasible to accomplish.

In this module, we will look at the key issues affecting the quality of 
drinking water and consider different ways of improving water 
quality. Specifically, we will consider the following: 

Capturing and containment of fresh water
Water quality
Cleaning water
Monitoring of freshwater quality

Disclaimer: The contents of this presentation include original content as well as items compiled from a 
variety of sources. Though the sources are not attributed individually, they are not claimed as own and 
remain the copyright of respective owners. This presentation has been developed for educational and 
awareness use only and is under no circumstances to be used for commercial activities.

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
KEY ISSUES

Fresh Water Quality6

Monitoring
and maintaining
the quality of 
drinking water is 
vital to 
community 
health, and is 
feasible to 
accomplish.
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Fresh Water Quality6

1. What are the key issues 
around drinking water 
quality?

2. How can we clean 
drinking water?
 
3. How, when, and what 
should we monitor for 
drinking water quality 
assurance?

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
CAPTURING AND CONTAINING

Fresh Water Quality6

Water is all around us: in the ocean, rivers, rain, ground. 
How do we capture it for our use?

Ocean -- it’s always there, but we can’t easily use the water
Surface waters -- need to catch it before it flows to the ocean
Rain -- need to catch it before it percolates into the ground or 
goes into surface flow
Groundwater -- naturally captured by the rocks in the ground
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CAPTURING AND CONTAINING

Fresh Water Quality6

SURFACE WATERS ARE GENERALLY CAPTURED AND STORED IN RESERVOIRS. 

SURFACE WATER

Reservoir in Yap, FSMAerial view of the Fena Reservoir in Guam

Open/uncovered or large closed tanks
Need to preserve surrounding watershed and 
prevent erosion
Erosion can deliver too much sediment and 
clog up the reservoir with clay, silt, and sand
Filtering, treatment, and rigorous monitoring 
of water quality is needed
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CAPTURING AND CONTAINING

Fresh Water Quality6

RAIN IS GENERALLY CAPTURED AND STORED USING RAINWATER CATCHMENTS. 

System consists of catchment (e.g., roof), transport (gutters, pipes), and storage (tank)
Tanks are many types: open/closed, made of concrete/plastic/metal, etc.
Tanks should be opaque or not exposed to sunlight to reduce algae growth
There should be screens and filters to keep organic (e.g., leaf litter) and inorganic debris 
(e.g., rust), insects, etc.
The interiors of tanks need to be well maintained and regularly cleaned, otherwise quality 
of water will be significantly reduced 
First-flush diverter devices are low-cost and low-tech, yet can greatly improve quality

RAINWATER

Custom-made concrete tank. Mass-produced PVC tank. Collapsable, portable tank.
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CAPTURING AND CONTAINING

Fresh Water Quality6

GROUNDWATER IS NATURALLY CAPTURED BY THE ISLANDS’ ROCK UNITS.

Groundwater starts as rain, percolates into the ground, reaches the water table
Does not sink deeper underground because it is less dense than seawater
On low islands, there is practically no filtration -- land is barely above water table
Can be extracted using shallow hand-dug wells or deep pump-operated wells
Wells should be properly located and maintained to minimize contamination

GROUNDWATER

Well in a taro patch, at groundwater level. Shallow, hand-dug, reinforced well.
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Fresh Water Quality6

Typically, water is more 
than H2O.

Even ‘clean’ rainwater 
contains gases, minerals, 
and dissolved salts, among 
other materials.  

These must be kept within 
limits if water is to be 
palatable. Water that is 
contaminated with 
microbes, chemicals, or 
physical waste cannot be 
used for most of human 
needs.
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Fresh Water Quality6

Without proper care, water quality 
easily gets destroyed and unfit for our 
needs. All types of water are 
vulnerable to it. Here are some 
examples from the FSM.

Contaminated groundwater in a well, Mwoakilloa.

Contaminated surface water, Weno. Contaminated stored rainwater, Pingelap.
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WATER QUALITY

Fresh Water Quality6
WHAT ARE KEY ISSUES AFFECTING QUALITY?

For water to be of suitable quality 
for drinking, we need to be aware 
of the following issues and keep 
them under control: 

Contamination -- potentially 
harmful materials in water

Biological contamination 
-- bacteria, other microbes
Chemical contamination 
-- salt, minerals, metals, 
inorganic/organic 
compounds

Appearance -- color, turbidity 
(cloudiness)
Taste / Smell
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Fresh Water Quality6
WHAT IS BIOLOGICAL CONTAMINATION?

Biological contamination is the presence of potentially harmful 
microorganisms and their metabolic products in water.

Most are neutral, some of them we need, and relatively few (but still lots) are harmful
We have ~1000 species of microbes in our gut, and we don’t want the wrong ones
Biological contamination sources are mostly animals and human waste, as well as 
organic chemicals that enhance microbial growth (notably fertilizers)
Important to place pollutant sources -- septic tanks, pigpens, waste disposal, 
gravesites, etc. far from surface flows and down gradient from groundwater wells 
As population density increases, so does the potential for biological contamination 
(e.g., toilets over water in the outer islands may not be viable any more)

Microbes -- there are many kinds
Bacteria
Protozoa
Fungi
Viruses
Small invertebrates

Much of biological contamination can be handled by boiling the water.
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WATER QUALITY

Fresh Water Quality6
WHAT IS CHEMICAL CONTAMINATION?

Chemical contamination is the 
presence of potentially harmful 
natural and man-made organic 
and inorganic elements and 
compounds in the water.

Fertilizers
Pesticides
Oil
Battery acid
Bleach 
Cleaning products
Industrial byproducts
Embalming fluid

Chemical contamination cannot be addressed by boiling the water.

Common contaminant chemicals are: ammonia, nitrate, nitrite, phosophate, sulphate, etc.
Metals may be present: iron, lead, zinc, aluminum, cadmium, copper, etc.

Many contaminants are readily detectable by simple test kits.
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WATER QUALITY

Fresh Water Quality6
WHAT IS SALTWATER CONTAMINATION?

Saltwater contamination is the entry of seawater into freshwater supplies. 

Salt intrusion
Salt is natural, but we don’t want it in our drinking water
Overuse of groundwater pulls in underlying sea water
Threat on low islands where the lens is very thin, esp. during droughts
Threat on densely populated high islands, where too much water is pumped

Thursday, May 16, 2013



ACTIVITY:
Water quality testing.

We will use two different quality test kits on a series of water samples from 
various sources in order to quantify different chemical and biological 
contaminants present.
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CLEANING WATER

Fresh Water Quality6

Contaminated water can be cleaned 
before consumption. 
There are several methods:

Distilling -- vaporize and condense

Pasteurization -- using heat to kill 
microbes

Chemical sterilization -- killing 
microbes by chemicals, usually 
chlorine

UV sterilization -- using ultraviolet 
light to kill microbes

Filtration -- using fine filters to 
remove particulates, some microbes
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Fresh Water Quality6
WHAT IS DISTILLING?

When water is forced to evaporate, many contaminants cannot follow. 
Molecules of water are removed from contaminated water and then 
condensed in another place.
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Fresh Water Quality6
WHAT IS PASTEURIZATION?

ACTIVITY:
Simple solar distillation.

We will treat samples tested previously by simple solar distillation in order to test 
them again later and evaluate the effectiveness of this technique to clean water.
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Fresh Water Quality6
WHAT IS PASTEURIZATION?

Microbes cannot withstand very high 
temperatures. We can use heat of the sun 
to reach these temperatures and 
pasteurize water.
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CLEANING WATER

Fresh Water Quality6
WHAT IS PASTEURIZATION?

ACTIVITY:
Simple solar pasteurization.

We will expose samples tested previously to solar heating in order to test them 
again later and evaluate the effectiveness of solar pasteurization to kill microbes.
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CLEANING WATER

Fresh Water Quality6
WHAT IS CHEMICAL STERILIZATION?

Chemical sterilization is a process in which water is freed of all 
microorganisms, live or in a spore state, by application of some 
chemical.

Sterilization using bleach. Sterilization using tincture of iodine.
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Fresh Water Quality6
WHAT IS CHEMICAL STERILIZATION?

ACTIVITY:
Simple chemical sterilization.

We will add some quantity of bleach to samples tested previously in order to test 
them again later and evaluate the effectiveness of chemical sterilization by 
bleach to kill microbes.

Thursday, May 16, 2013



W
 A

 T E
 R 

  F 
O

 R 
  L I

 F E
CLEANING WATER

Fresh Water Quality6
WHAT IS UV STERILIZATION?

Ultraviolet light at 
sufficiently short 
wavelengths breaks 
molecular bonds 
within DNA. 
Microbes cannot 
withstand it for much 
time.
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Fresh Water Quality6
WHAT IS FILTRATION?

Filtration is the process in which contaminants are physically removed, 
by forcing water through a fine filter. This is never complete, because 
only oversize particles are retained.
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Fresh Water Quality6
WHAT IS FILTRATION?

We will run puddle water through paper filters to demonstrate the ability to 
remove some particulate matter.

ACTIVITY:
Filtration of water.
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CLEANING WATER

Fresh Water Quality6
HOW DO THE METHODS COMPARE? 

Method Process Bio Chem Cost

Distillation Vaporize and re-
condense ✔ ✔ Energy intensive

(but solar possible)

Pasteurization Heat ✔ � Energy intensive
(but solar possible)

Chemical
sterilization Add chemical ✔ � Cost of chemicals

UV
sterilization Expose to UV ✔ � High cost,

delicate equipment

Filtration Filter ? � Low to medium,
many options
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Fresh Water Quality6
HOW DO THE METHODS COMPARE? 

ACTIVITY:
Water quality testing

after simple solar distillation.

We will use two different quality test kits on a series of water samples we tested 
previously and then exposed to high solar heating. We will compare before and 
after levels of bacteria present.
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Fresh Water Quality6
HOW DO THE METHODS COMPARE? 

ACTIVITY:
Water quality testing

after simple solar pasteurization.

We will use two different quality test kits on a series of water samples we tested 
previously and then exposed to high solar heating. We will compare before and 
after levels of bacteria present.
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Fresh Water Quality6
HOW DO THE METHODS COMPARE? 

ACTIVITY:
Water quality testing

after simple chemical sterilization.

We will use two different quality test kits on a series of water samples we tested 
previously and then exposed to high solar heating. We will compare before and 
after levels of bacteria present.
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Fresh Water Quality6

Many types of monitoring systems for water quality are available.
To assure suitable water quality, different parameters need to be regularly 
monitored. How, when, and what should we monitor?

Monitoring systems should match local community resources and constraints
Dialog on responsibility and regulations
Monitoring of commercial systems
Monitoring of municipal/public systems
Monitoring of individual/home systems
Part of many WfL service learning projects

Along with monitoring, other activities helping water quality:
Build/repair/improve rainwater catchment systems
Promote water conservation
Clean up localized water pollution sites

Please share policies, practices, etc. 
from your locale.

GOAL: safe, palatable water always
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Fresh Water Quality6

KEY POINTS

★ Water needs to be captured and contained before it can be used. Surface water is 
usually captured in reservoirs. Groundwater is naturally held underground and is 
accessed through wells. Rainwater is captured by catchment systems and stored in 
tanks.

★ Water quality is drastically affected by the level of contaminants present, as well as 
by appearance, smell, and taste. 

★ Contaminants may be biological and chemical.

★ Contaminated water can be cleaned by any of a variety of methods, each of which 
has different benefits, drawbacks, and effectiveness in a particular situation. 
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