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Preface

The purpose of this handbook is to provide a standardized source of information for constructing and operating a Point-of-Use (POU) ultraviolet water treatment system. 

This handbook includes:

· Part One: general understanding of the principles of ultraviolet water treatment.  

· Part Two: instructions for the construction and assembly of an ultraviolet water treatment system. 

· Part Three: instructions for operation and maintenance of the UV system. 

· Part Four: methods of testing water quality. 

· Part Five: methods of measuring and evaluating the performance of the equipment, its operators and its maintainers. 

· Appendices: information and forms referenced in the main sections of the handbook.

MEDRIX declares the contents of this handbook to be open-source, available without charge. Copies of this handbook are available for downloading from the MEDRIX website.

Users assume full responsibility for the outcomes of constructing and operating water treatment equipment using these instructions. 

MEDRIX’s intent is to translate this handbook into as many languages as proves useful. Formatting guidelines are available on the MEDRIX website.  www.medrix.org
A handbook edition number identifies the most up-to-date information. The letter before the edition number signifies the language of the document. The first number identifies the version; odd numbers indicate a version being drafted but not yet finalized; even numbers indicate a published and released version. The number following the period indicates the level of minor revision including corrections and updates. For example, the edition number “E.2.3” indicates this is the second English version released for publication with three levels of minor revisions. The edition number “V.2.2” indicates this is the Vietnamese translation of the English version E.2.2.
This handbook is designed to permit you, the user, to update pictures and information to reflect the realities in your part of the world. Feel free to substitute your own digital pictures to make the information more relevant to readers in your region. In some pictures in this handbook you may see pieces of equipment in the background that are not the same as the handbook describes. MEDRIX is constantly testing and adapting new ideas into the system and those ideas sometimes get into the pictures before they are ready to be formally documented. If the idea has value, works better than the current method and meets availability and cost criteria, you may see the new idea in the next edition of the handbook.

Your feedback about this handbook is welcome. Improving the quality of open source documents is the responsibility of all who use the information.

Submit suggestions and recommended changes for this handbook to:

Director of Safe Water Development

MEDRIX

PO Box 2588

Woodinville, WA 98072 USA

office@medrix.org 
Include the edition number of this handbook in any communications.

	This work is licensed under the Creative Commons Attribution-Share Alike 2.5 License. To view a copy of this license, visit http://creativecommons.org/licenses/by-sa/2.5/ or send a letter to Creative Commons, 543 Howard Street, 5th Floor, San Francisco, California, 94105, USA.

You are free:

· to Share -- to copy, distribute, display, and perform the work

· to Remix -- to make derivative works

Under the following conditions:

· Attribution. You must attribute the work to MEDRIX as the original creator and refer users to the MEDRIX website at www.medrix.org
· Share Alike. If you alter, transform, or build upon this work, you may distribute the resulting work only under a license identical to this one. 

· For any reuse or distribution, you must make clear to others the license terms of this work.

Any of these conditions can be waived if you get permission from the copyright holder.



Disclaimer
This publication is based on the collective experience of MEDRIX in monitoring and evaluating the equipment and procedures described herein. While every effort has been made to ensure the accuracy of this work, any judgments as to the suitability of information for the reader’s purposes are the reader’s responsibility. MEDRIX does not extend any warranties, and assumes no responsibility, for the suitability of this information or the consequences of its use.
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Part 1:
Ultraviolet Water
Treatment for Producing
Safe Water

Chapter 1:
Introduction
Safe Water for People in Need
According to the World Health Organization (WHO), 1.1 billion people around the world lack access to an improved source of water. Access to safe, clean drinking water is critical for proper health care, hygiene, sanitation, food production, education and economic activity. Safe drinking water is one of the foundational building blocks of individual lives, communities and nations..

In 2002 all member nations of the United Nations unanimously committed to work toward achieving the Millennium Development Goals (MDG). Goal number 7 of the MDG is to reduce by half the proportion of people without sustainable access to safe drinking water by 2015. 
This goal is not attainable solely by building more community water supply networks. The time and resources required to implement these large-scale projects are too great.
In the recent years, household-level water treatment has emerged as a viable option for supplying large populations with an improved water supply in a short period of time. In 2003 the World Health Organization formed the International Network to Promote Safe Household Water Treatment and Storage. The Network’s mission is: 

“To achieve a significant reduction in waterborne disease, especially among children and the poor, by promoting safe household water treatment and storage."
Several reliable methods are available for household-level treatment of water containing microbiological contaminants. Boiling is one effective and very common method currently used to produce safe water; but boiling also has some serious drawbacks, 
MEDRIX has developed a simple, affordable treatment system using ultraviolet technology to inactivate most microbiological contaminants in drinking water. MEDRIX’s work has drawn on the earlier work of many others and particularly the work of Robert Rau of The Winfried Farmer Aid Fund.
This handbook describes how to construct and operate an ultraviolet water treatment system of appropriate size to meet the needs of a family, a small school or a rural health clinic.  Your feedback about this handbook is welcome. office@medrix.org 
Chapter 2:
Understanding
UV Water Treatment

This chapter includes:

· An explanation of ultraviolet radiation 

· A description about how ultraviolet water treatment works 

What is UV?
Ultraviolet (UV) energy is electromagnetic radiation. A low-pressure mercury vapor lamp resembling a fluorescent lamp produces UV radiation in the wavelength range of 254 nanometers (nm) commonly referred to as UV-C. This UV lamp is constructed using quartz glass that allows the UV-C radiation to pass through it; regular glass and plastic block all UV-C radiation. In this handbook, we will use the terms “UV radiation” and “UV energy” interchangeably.
UV-C radiation, or energy, is known to be an effective disinfectant due to its strong germicidal (inactivating) effect on many microbial contaminants. UV-C radiation is produced naturally by the sun but is filtered out by the earth’s atmosphere so that none reaches the earth’s surface. This filtering effect by the atmosphere is critical since UV-C is very damaging to the skin and eyes. Users should exercise extreme care to avoid exposure to skin and eyes when working with a UV-C germicidal lamp.

A brief history of UV
Ultraviolet radiation was first used for drinking water treatment in France in the early 1900s. However, early systems were abandoned due to high operating costs, unreliable equipment and the expanding popularity of disinfection by chlorine. 

In more modern times, UV radiation is once again being used in some municipal water treatment plants in conjunction with other treatment methods such as filtration and chlorine sterilization. The popularity of ultraviolet treatment is increasing due to developing concerns regarding chlorine and its effects on human health as well as the ineffectiveness of chlorine in killing the protozoan parasite Cryptosporidium. Today, the use of UV energy to treat water for microbial contamination is an appropriate use of proven technology. 

How does UV work?

UV radiation has three wavelength ranges: UV-A, UV-B, and UV-C. Only shortwave UV-C possesses germicidal properties capable of microbial inactivation. 
UV-C radiation has a unique effect on microbial contaminants. The ultraviolet energy emitted by a UV-C germicidal lamp has the capacity to alter the nucleic acid (DNA) of viruses, bacteria, molds and parasites so they cannot reproduce and are thereby considered inactivated. 
UV treatment does not alter the water chemically; nothing is added to the water as the UV-C energy passes through the water during treatment. However, it should be noted that inactivated micro-organisms are not removed from the water; they remain in the water, but in a state that allows them to harmlessly pass through the human body.
How does a UV water treatment system work?

In the UV water treatment system illustrated in Figure 1, gravity-fed water flows at a controlled rate under a UV-C germicidal lamp. The UV lamp is suspended above the water surface. The rate of water-flow is controlled to ensure the water receives an adequate  dosage of UV-C energy required to inactivate microbial contaminants.  These rates and dosages are based on scientifically-defined methods and accepted standards. 
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Figure 1: Air-suspended UV-C lamp inside reactor chamber
What is UV dosage and how is it measured?
Through research, biologists have determined the amount of UV-C radiation required to inactivate different kinds of microorganisms. The amount of UV radiation required is termed the dosage. The dosage is a function of the UV radiation intensity (expressed in power or microwatts) delivered for a given period of time (expressed in seconds) over a given area (expressed in square centimeters). A list of various microorganisms and the dosages required to inactivate them is found on Appendix G of this handbook.  

A complete discussion of UV dosage and how it is calculated is found in Chapter 4 of this handbook.

Advantages of using UV radiation as a water treatment method

· The need to boil water is eliminated which saves time, reduces human energy requirements and conserves the environment.

· Fairly large quantities of water can be treated in a short period of time.

· No chemicals are added to the water.

Limitations of using UV radiation as a water treatment method 
The most serious limitation to using UV-C energy in water treatment is that the treated water has no residual ability to inactivate new microbial contaminants introduced after disinfection has taken place. For comparison, chemicals such as chlorine have some ability to destroy new contaminates introduced into the water following treatment. It is important to protect water treated by UV-C radiation from the possibility of recontamination.

Furthermore, UV-C treatment does not remove dirt and particles, metals such as lead or iron, or hard minerals such as calcium from a water supply. In fact, many of these water variables may reduce the effectiveness of UV-C radiation on microorganisms.  Additional treatment may be required to remove particles, metals and minerals prior to passing water through a UV disinfection chamber.

The effectiveness of the UV treatment is influenced by several water quality factors:

· A low level of turbidity (cloudiness caused by suspended particles) is essential for successful treatment of water using ultraviolet radiation. Suspended particles in the water absorb UV energy or shadow microbes from the UV radiation. If turbidity is too high, some water may not receive the minimum UV-C dosage necessary to inactivate microbial contaminants, and the “treated” water may not be safe to drink. Chapter 3 discusses this problem and how to measure turbidity, and Chapter 6 describes how to use a sand filter to reduce turbidity.

· High concentrations of iron in a water source absorb UV energy, preventing the water from receiving the minimum UV-C dosage necessary to inactivate microbial contaminants. Chapter 3 discusses this problem and how to measure iron concentrations, and Chapter 6 describes how to use a sand filter to reduce iron levels in a water source.

· Dissolved substances in the water—especially organic carbon and nitrates—can also absorb UV energy. Chapter 3 discusses this problem and Chapter 18 discusses how to measure UV-C absorption caused by organic materials and nitrates.

Useful information about UV lamps

Not all UV lamps produce UV-C energy. Look for a label indicating a lamp is “germicidal” in order to confirm that it is designed to emit energy in the UV-C wavelength. However just because a lamp is labeled “germicidal” does not mean that it will produce an adequate amount of UV-C radiation for effective water treatment. If you are unfamiliar with a brand of lamp, measure the UV-C (254nm wavelength) output, i.e.- intensity, before using it for UV water treatment. Instructions describing how to use a radiometer to measure the output of a UV lamp are in Chapters 4 and 18.
The intensity of UV-C energy produced by a lamp may decline as the lamp ages. Most manufacturers recommend that lamps be replaced at least once every year. However, lamp output should be measured regularly, and lamps should be replaced when output falls below 80% of the original intensity when the lamp was new. Some UV-C lamp manufacturers advertise that lamps will last for 10,000 operating hours. However, some recent studies suggest that actual lamp life is closer to 4,000 or 5,000 hours.

The internet is an excellent source of more information on ultraviolet energy.

Chapter 3:
Testing Some
Qualities of Water

This chapter includes:

· How water quality contaminants affect UV treatment options

· Testing for microbiological contamination, turbidity, iron, and UV transmissivity

First impressions

First impressions often set the tone for what is to follow. Let’s get a “first impression” of the water source you have to work with. 

Put about 200 milliliters of source water in a clear container. Hold the container up to a light source. Is the water clear or does it have a definite “color”? Next, smell the source water. Does the water have any odor? Two or three people should examine the water and compare their observations. If the water has color or odor, then you have your first clues about the quality of the source water. Record your observations on Form 1-Initial Assessment in Appendix A.

Determining water quality and treatment options

Untreated water should be tested for the following properties before selecting ultraviolet treatment as an appropriate treatment method. These properties are:

· Presence of microbiological contaminants.  If microbiological contaminants are not present, then ultraviolet water treatment will have no effect on the water. 

· Amount of turbidity. Pretreatment is necessary if the turbidity is too high. 

· Amount of iron. If the iron level is too high, then pretreatment is necessary.

· Amount of UV transmissivity. Pretreatment is necessary if the UV transmissivity is too low. 

A discussion of each of these properties follows.

Testing for Microbiological Contamination

Many serious diseases, such as diarrhea, typhoid fever and dysentery, can be traced directly to pathogenic microorganisms in contaminated water. These disease-producing organisms are found in fecal wastes and can be difficult to detect in water supplies.  This section shall only address tests for bacterial microorganisms.  
Testing for specific bacterial pathogens can be impractical for many reasons. One important reason is the need for costly laboratory equipment and supplies as well as the requirement for complex test procedures. In an effort to overcome this obstacle, the generally accepted practice is to test for indicator bacteria instead of specific bacterial pathogens. These indicator organisms, usually not pathogenic, are present when pathogenic bacteria are present and absent when pathogenic bacteria are absent. Indicator bacteria are also usually of fecal origin, and if present in a water supply, can signify that fecal contamination has occurred.  
A number of tests have been developed to detect fecal contamination of drinking water based on the presence or absence of various types of indicator bacteria. Although not as precise as testing for a specific organism, some of these fecal indicator tests are simple, low cost, and accepted as adequate alternatives when laboratory testing and bacteriological field test kits are unavailable or impractical. Prominent among these tests is the hydrogen sulfide, or H2S, test which detects hydrogen sulfide-producing bacteria in water supplies. H2S producing bacteria are considered to be strong indicators of fecal contamination, a relationship supported by their high correlation with the presence or absence of fecal matter.  

Reminder:  The H2S test referenced here and discussed later in this handbook is only intended to indicate the presence or absence of a broad range of bacterial organisms that all produce H2S gas as a byproduct of their regeneration.  The significance and usefulness of this test rests in the general acceptance of its accuracy in indicating fecal contamination, low cost, ease of transport, and simple test procedures.  

Detailed instructions on the H2S testing procedure are provided in Chapter 15.

Testing for Turbidity

Turbidity is the cloudiness or haziness of water caused by particles too small to be seen individually without magnification, much like smoke in air. While some suspended matter is large enough and heavy enough to settle to the bottom of a container if a water sample is left standing, small particles will settle slowly or not at all. These small solid particles cause a liquid to appear turbid. Measurement of turbidity is an important step in determining water quality.

A low level of turbidity is necessary for water to be successfully treated using ultraviolet radiation. The reason for this requirement is that suspended particles in the water will absorb UV radiation or cause shadows in the UV energy. If turbidity is too high, some microbial contaminants may not receive the minimum UV-C radiation dosage necessary to inactivate their ability to reproduce, and the “treated” water may not be safe to drink. 

There are several practical ways of quantifying turbidity in water, the most direct being some measure of attenuation (reduction in strength) of light as it passes through a sample column of water. Electronic turbidity meters are available for precise testing, however, they are expensive. A turbidity tube is an alternative method of manual measurement, easily constructed, and provides an approximate measurement of turbidity which is accurate enough to meet our needs. 
For detailed instructions on constructing a turbidity tube and testing for turbidity , see Chapter 16.

A commonly-used unit of measurement for turbidity is the Nephelometric Turbidity Unit or NTU. 
· Untreated water must have a turbidity measurement of 5 NTUs or less prior to entering the UV-C disinfection chamber.
If the turbidity measurement is greater than 5 NTUs, turbidity can be reduced by first passing the water through a slow sand filter. (See Chapter 6)

Testing for Iron 

It is common for ground water to pick up iron as it flows through soil formations. The presence of iron in water may produce an unpleasant metallic taste and vegetables cooked in iron-contaminated water turn dark. If the amount of iron in a water supply is above the World Health Organization (WHO) guideline of 0.3 mg/l, the water can cause staining of laundry or discoloration of faucets and basins. However, even high concentrations of iron are not considered a health problem. Even so, if water tastes bad, people may turn to other water sources, even those known to pose health hazards. 

A high concentration of iron in the water increases absorption of UV energy causing some water not to receive the minimum UV-C dosage to inactivate microbial contaminants.

For detailed instructions about testing for iron, see Chapter 17.

If iron concentrations in the water are above 0.3 mg/l, one way to reduce the presence of iron is by passing the water through a slow sand filter (See Chapter 6).

Testing for UV Transmissivity

Transmissivity is defined as “the capacity of water to allow UV-C energy to pass through without absorption.”

As previously mentioned, the effectiveness of a UV-C disinfection system depends on the UV dose delivered to the water and the microorganisms in the water. The UV dose is determined from the combined effects of the UV energy intensity, the exposure time of the system and the UV Transmissivity (UVT) of the water. 

If UVT of a water supply is too low, the UV energy emitted by the lamp will not efficiently penetrate the water, thereby reducing the UV-C dosage below acceptable standards.  Consequently, the resulting “treated” water may not be safe to drink.
UVT can be affected by various types of organic matter in the water. A common source of organic material is decaying plants. Sometimes organic material will “color” the water; however this is not always the case. UVT can not be determined by sight: it must be measured. The UVT of a water source can change with the weather and with the seasons. 

UVT is further reduced by turbidity and iron in the water, as well as by some other less common chemicals.

For detailed instructions on measuring UVT, see Chapter 18.

Summary
Measurements of certain basic properties in a water source can determine if UV-C radiation may be used as an effective and appropriate treatment for microbial contamination. In the next chapter, you will read more about the step-by-step evaluation of a water supply and how to make important decisions concerning effective UV-C water treatment.




Chapter 4:
Deciding if UV Treatment is Appropriate for a Water Source

This chapter includes:

· Explaining UV dosage

· Calculating UV dosage

· Evaluating effectiveness of UV treatment

· Determining correct flow rate for adequate UV treatment

Purpose

There are several effective methods of treating water contaminated by pathogens and each method has its own strengths and weaknesses.  This chapter will help you decide if UV radiation is an appropriate treatment method for a specific water source.

Important Information About This Chapter

It is not necessary to have a complete understanding of the science behind ultraviolet energy in order to use a UV-C Water Treatment System.  Such knowledge is helpful, but not a requirement. 

This chapter contains some basic information on ultraviolet energy useful for operating and maintaining an effective UV-C Water Treatment System. If you are interested in supplementary information on the science behind UV energy, Appendix D contains a description of the theoretical basis underlying UV-C radiation as it relates to this handbook.  Reading Appendix D is optional.

However, it is necessary to follow the directions in this chapter in order to measure important characteristics of your water source and to decide if UV treatment will be effective in treating your water supply’s contaminants. If UV treatment is appropriate, then this chapter will help you determine the correct rate of water flow based on the four properties of a water source mentioned in the previous chapter.
Initial Assessment

Collect information using Form 1, Initial Assessment (Appendix A), during your first visit to a water source being considered for UV water treatment. The information you collect will help determine if UV-C radiation is an appropriate treatment method for that particular water supply
Calculating UV Dosage 

The effectiveness of a UV disinfection system depends on the dose of UV-C energy delivered to the water. Appendix G summarizes the different UV dosages needed to inactivate various microorganisms. Because it is difficult to identify every microorganism present in a water source, it is also difficult to specify a minimum UV dosage requirement. A widely accepted international guideline is 30,000 µW-sec/cm2.  MEDRIX will use this value as a minimum-dosage requirement unless the country where this treatment system is used has a higher guideline.

UV dosage can be calculated using data from a radiometer designed to measure UV energy in the 254 nm (UV-C) range. Tool #2 in Appendix C is an example of this type of radiometer. The radiometer measures UV irradiance, or energy output, which is used to calculate UV dosage.
A modified UV disinfection chamber is required in order to safely and accurately measure UV-C irradiance. Details describing the construction and use of this modified chamber are contained in Chapter 18: Testing Water Samples for UV Transmissivity.  .

How to Measure UV-C irradiation for use in Calculating UV Dosage

1. Turn on the UV lamp and allow it to warm up for two minutes.

2. (Gloves must be worn during this step.) Without any water in the disinfection chamber, use a radiometer to measure the UV irradiance passing through the quartz monitoring window in the bottom of the chamber. The quartz window and chamber surfaces must be dry in order to get an accurate reading. Slowly adjust the position of the radiometer until you determine the highest repeatable irradiance reading. This measurement should be in the range of 800-1,000 μW / cm2.  Record this measurement on Form 1.
3. Next, with the UV lamp still on, remove the cover from the chamber and fill the disinfection chamber with untreated source water to the level of the outlet baffle and replace the cover. Be careful to not expose your skin or eyes to UV-C energy. 

4. Once again, use the radiometer to determine the highest repeatable UV irradiance reading through the quartz monitoring window. (Gloves must still be worn for this step even though water is in the chamber.) This measurement should be in the range of 300-900 μW / cm2.  Record this measurement on Form 1.
5. The irradiance value from Step 4 will be used to compute the maximum allowable flow rate later in this chapter.

Is Pretreatment Needed?

Obtaining a minimum dosage of UV-C radiation is critical to inactivating microbial pathogens and adequately disinfecting a water supply. As previously stated, high absorbance of UV energy by particles, metals, and organics in the water can cause UV treatment to be ineffective. Consequently, pre-treatment of a water supply to remove chemical or physical contaminants may raise the source water’s UV transmissivity to a level where UV disinfection can be effectively utilized.   

Not all water sources require pre-treatment prior to being passed through a UV-C disinfection chamber.
Figure 1 on the following page will help you to decide if UV radiation will be effective treatment for raw source water or if some method of pretreatment will be required. 
Figure 1: Deciding if UV Treatment is Appropriate for a Water Source

Answer the questions in the chart below using the turbidity, iron, and UV irradiance data from Form 1 that was taken from the water source during your initial assessment.
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When Pretreatment of Source Water is Needed

If you answered "YES" one or more times in Figure 1, pretreatment of the source water is necessary before UV treatment can be successful. Read Chapter 6 on sand filters before deciding if UV radiation will be an effective method of treating this water. 

When UV Radiation is Appropriate for Treating Raw Source Water
If you answered "NO" to all the questions in Figure 1, continue your evaluation by using Figure 2 on the following page to determine the maximum rate at which water should flow through the UV treatment system.

Determining the Maximum Flow Rate 

The flow rate for water passing under the UV-C lamp is one of the principal calculations for determining the UV dosage delivered to a given water supply. Assuming that we are to meet the baseline dosage of 30,000 µW-sec/cm2, the upper line of Figure 2 shows the maximum flow rates allowable for your supply of source water as it passes under the UV lamp.  This flow rate is based on the UV irradiation measurement previously recorded in Step 4 (i.e.-while source water was present in the disinfection chamber) .

Safety Factor If you want to double the baseline UV dosage to 60,000 µW-sec/cm2 as a safety factor, the lower line in Figure 2 provides the maximum flow rates allowable for water passing beneath the UV-C lamp.

It is highly recommended that you begin operation of the UV Treatment System using the slower flow rates provided by the Safety Factor. Water that has spent extra time under the UV-C lamp will never be made less attractive to the user.  After evaluating the quality of treated water produced by the system over time, you may then decide to modify your system to allow for the faster flow rate based on the 30,000 µW-sec/cm2 minimum dosage requirement (upper line).

Figure 2: Determining the Maximum Flow Rate
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Once you determine the Maximum Allowable Flow Rate, record this rate on Form 5- System History Log (Appendix A).

In Part 2 of this handbook, Chapters 5-10 describe construction and assembly of the UV Water Treatment System.  

Part 2:
Construction and
Assembly of the
UV Treatment
System


Chapter 5:
Locating Materials and Tools

This chapter includes:

· Locating materials and tools 

· Recording information for future use

Before construction can begin, you must locate the necessary materials and tools needed to assemble the UV water treatment system.  Here is some information to help you in this process.

1.
List of Materials and Tools At the beginning of each chapter is a list of materials and tools needed to complete each part of the UV system.

2.
Local Shops and Markets Look for local shop owners or market vendors who can provide the materials you need. To make your search easier, bring an actual sample or a picture of the materials or tools needed with you to the local shop or market.

3.
Explain Use to Seller Take time to explain to the seller how you will use the materials or tools. In some cases, when the seller understands the importance of the work you are doing, you will be able to purchase the materials at a lower price.

4.
Substitute Parts Many items will not be exactly the same as the pictures in this handbook. Your job is to find a substitute part to perform the same function. You may want to take digital photographs of the items you buy from local vendors and change the pictures in this handbook.

5.
Record Location Information When you locate a good source for an item, record where you purchased the item and its cost. Form 6, Parts and Materials Inventory Form, in Appendix A can be used to keep this record. Recording this information now will make your future work of locating materials and tools easier.

Good shopping!

Chapter 6:
Constructing the Inflow Container and Optional Sand Filter

This chapter includes:

· Materials and tools needed to construct an inflow container
· How to assemble the inflow container

· How to prepare sand and pea gravel of correct size

· How to construct the sand filter

Purpose
Chapter 4 explains how to determine if your water source requires pre-treatment before you use the UV water treatment system. Review the results of the tests performed in Chapter 4 before continuing to read this chapter on constructing the inflow container as a part of the UV water treatment system. 

If Pre-Treatment is Required

If pre-treatment is required, filtering the source water using a sand filter is a recommended option. 

Sand Filters Sand filters are commonly used worldwide to reduce the level of contaminants in water. A sand filter has two functions in making UV treatment effective. The first function of a sand filter is to remove the particles in the water absorbing UV energy and limiting the UV energy’s ability to inactivate microbiological contaminants. The second function of the filter is to reduce iron content in the water. Iron also reduces microbiological contaminant inactivation by absorbing the UV energy. Sand filters are highly recommended because they have an added advantage of trapping potentially harmful cysts and eggs in water. Without the sand filter, these cysts and eggs might survive exposure to UV radiation. The sand filter will also remove some microbiological contaminants.

Limitations Sand filters have limits. Although sand filters can handle occasional turbidity up to 50 NTU without excessive clogging, the ideal input quality is much lower (less than 25 NTU) to minimize the need to frequently clean the sand filter. Water with greater turbidity (i.e., an NTU reading more than 50) will rapidly clog the filter. Let highly turbid water stand for several hours to allow particles to settle before pouring the source water into the sand filter.

If Pre-Treatment is Not Required

If the results of Chapter 4 indicate pre-treatment is not needed, continue with the construction instructions in this chapter, however do not put any sand in the inflow container.
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Materials needed

	Part No
	Description
	Qty

	6
	Container w lid, 20 liters
	1

	7
	PVC 90 degree elbow with nut, 2.1 cm inside diameter (ID) of outlet opening
	1

	7
	Rubber gaskets
	2

	7
	2.1 cm (7/8 inch) outside diameter (OD) PVC pipe, length - 5 cm 
	2

	8
	Valve
	1

	9
	Flow restrictor (coin or flat plastic)
	1

	12
	Filter pipe, 30 cm
	1

	14
	Filter pipe end cap
	1

	13
	Gasket for filter pipe
	1

	16
	Label with operating instructions (waterproofed)
	1

	17
	PVC pipe cement
	1

	25
	Silicone sealant
	1

	18*
	Diffuser plate
	1

	*
	Sand, properly sized, 10 kg
	15

	*
	Pea gravel, properly sized, 10 kg
	4

	*
	Wood for sieving frames
	


* Required only if pre-treatment is necessary using sand filtering.

Tools needed

	Tool No
	Description

	1
	Electric drill – 3/8 inch or larger

	6
	Tape measure with metric markings

	9
	19 mm (3/4 inch) spade drill bit

	9
	3.5 mm (9/64 inch) drill bit

	8
	Hacksaw

	3
	Matches or heat source to soften tubing

	10
	Knife

	20
	Watch or clock that can measure time in seconds

	21
	One liter measuring container

	11*
	No. 18 sieve screen for sand

	12*
	No. 45 sieve screen for sand

	13*
	No. ???? sieve screen for pea gravel

	14*
	Respirator mask


* Required only if pre-treatment is necessary using sand filtering.

What container should you use?
The containers available in each part of the world differ greatly. The key is to find a container that is readily available at a reasonable price in your area. The containers should hold about 20 liters of water. The container should NOT have been used for storing hazardous materials such as gasoline or pesticides. 
Carefully consider the appearance of the container and what a person will think when they see the system for the first time. The container should project an image of cleanliness that will reflect positively on the quality of the water being treated for drinking and other sanitary uses.
Assembling the inflow container
IMPORTANT: Read all of the following instructions BEFORE starting to work.
	1
	Installing the outlet connection to the UV unit

Choose a location to drill where the filter pipe will be correctly positioned (see steps 4 and 5).

Use the 19 mm spade bit to drill a hole in the container’s corner near the bottom. The hole should be of correct diameter to allow the elbow fitting to be installed. 

Install the elbow fitting in the hole with one rubber washer on the inside and one on the outside. Tighten nut to prevent leaking. 

The exit elbow should be in a horizontal position.
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	2
	Constructing the flow restrictor

Preferred Method: Select a coin to use for the flow restrictor. Its diameter should be slightly smaller than the 2.1 cm outside diameter (OD) PVC pipe.
Optional Method: Select a piece of flat plastic for the flow restrictor. The piece should be thick enough so when a hole is drilled through it, the hole’s edges will be smooth and clean. Use a piece of PVC to draw a circle on the plastic the same diameter as the PVC. Cut out the circle and shape it so its diameter is slightly smaller than the PVC pipe.

Determine the correct flow rate for treating your water source. Refer to Chapter 4 and the System History Log form. 

Determine how many 3.5 mm (9/64 inch) holes to drill according to the selected flow rate as shown below.

Flow Rate

Holes

3 L/min

3

2 L/min

2

1 L/min

1

Drill the correct number of holes near the center of the flow restrictor. 

Attach the flow restrictor into the end of a 5 cm piece of 2.1 cm outside diameter (OD) PVC using silicone sealant. Allow the sealant time to dry completely. Water must only flow through the holes you drilled in the flow restrictor.
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	3
	Installing the flow restrictor

Insert the flow restrictor glued to the end of the PVC into the outlet end of the valve.

Do not cement this piece in place until you complete the flow rate check in Step 8.
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	4
	Prepare the filter pipe

Measure the diagonal dimension at the bottom of the container. See picture at right.

Cut the filter pipe 12 mm shorter than the measured inside diagonal dimension.
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	5
	Installing the filter pipe

Slide the end cap on the end of the filter pipe.

Place the 15 mm thick gasket around the nut on the elbow fitting inside the container.

Place the filter pipe into the container and position the open end of the filter pipe against the gasket.

Lower the filter pipe into a horizontal position. 

Check the gasket for an adequate seal to keep material from entering the filter pipe.
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	6
	Installing the valve 

Connect the valve to the outlet elbow of the inflow container. Use a 5 cm piece of 2.1 cm outside diameter (OD) PVC. Cement the PVC and valve in place with the valve handle on top.

The flow restrictor should be on the outlet side of the valve.
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	7
	Checking for leaks
· Close the valve.

· Fill the container half full of water.

· Check for leaks.



	8
	Checking the flow rate
Open the valve to full open position and use the one liter measuring container and a watch to measure the output flow rate. The flow rate should be no more than the maximum flow rate determined in Step 2.

If the flow rate is greater than expected, go back to Step 2 and make sure the flow restrictor is installed correctly – water must not flow around the restrictor, only through the hole.



	9
	Adding the operating instructions
Apply the operating instructions label to side of the container. The operating instructions are in Chapter 13.

The instruction label should be waterproofed by laminating or by printing on adhesive-backed material.
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Optional Step – Setting up the sand filter

Preparing the sand and pea gravel

	1
	Construct sieve frames

Build three frames to hold the sieve screen. Each frame size should be approximately 25 by 25 cm.

Attach sieve screen #18 (Tool 11) to one frame, sieve screen #45 (Tool 12) to the second frame and sieve screen #?? Tool 13 to the third frame.
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	2
	Removing large sand particles

CAUTION: Wear a respirator mask to prevent breathing dust during sand screening.

· Put the sand onto the No 18 Sieve Screen. 

· Save the sand passing through the screen for use in the next step. 

· Discard the sand staying on the screen. This sand is too course. 



	3
	Removing small sand particles

· Put sand from step 2 onto the No 45 Sieve Screen. 

· Save the sand staying on the screen. 

· Discard the sand passing through the screen. This sand is too fine.

Perform this step with care. The fine silt and dirt must be removed before the UV system can be operated. It is much less work to remove the fine silt and dirt now by screening than later by washing.



	4
	Rinse the sand until the waste water is clear

NEED SOME GOOD IDEAS– one idea is to put the sand in bags made from mosquito netting – each bag holds about 1 kg of sand. MEDRIX is testing this idea for practicality. 



	5
	Pea gravel

Sort about 5 kg of pea gravel. The size of each piece should be about the same size as a pea. It is OK if some pieces of gravel are 25% larger or smaller.



	6
	Adding the pea gravel, sand and diffuser plate
Put the pea gravel inside the container. Add pea gravel until the filter pipe is covered.

Put the sieved sand into the container on top of the pea gravel. The container should be about half full of sand and pea gravel.

Put the diffuser plate inside the container on top of the sand. When water is poured into the container, the water should hit the diffuser plate and not go directly on the sand.



	7
	Flushing the sand filter
Run water through the sand filter until the water coming from the outlet of the valve is clear




Chapter 7:
Constructing the
UV System Stand
This chapter includes:

· Materials and tools needed to construct the system stand

· How to measure and cut the pieces for the system stand

· How to assemble the system stand

Purpose

The system stand must be strong, stable and safe. The stand must support the weight of sand, water and equipment which can weigh as much as 40-45 kg (90-100 pounds). The system stand should not bend when the system is in operation. Extreme care must be taken to ensure a child or animal can not tip over the system.

The stand should also look nice, however appearance is always less important than safety. To make the stand more pleasing to the human eye, some PVC pipe can be successfully painted. Make sure the color chosen is consistent with the attitudes toward water in the culture where the water treatment system will be used.

Materials needed

	Part No
	Description
	Qty

	17
	PVC Elbows, 21 mm (7/8 inch) inside diameter (ID)
	8

	17
	PVC T’s, 21 mm (7/8 inch) inside diameter (ID)
	18

	17
	21 mm (7/8 inch) outside diameter (OD) PVC pipe, length in meters
	6

	17
	Cement, PVC
	1

	20
	Wood or Sheet Metal Screws, # 10 or 12, length 25-30 mm
	3

	--
	Paint (optional)
	


Tools needed

	Tool No
	Description

	6
	Tape measure

	18
	Marker pen

	5
	PVC cutter (optional – power saw)

	1
	Electric drill

	9
	Drill bit, 4 mm (5/32 in)

	7
	Screw driver


Measuring and Cutting PVC Piping
	1
	Measuring and cutting

Measure and cut the PVC pipe in the following quantities and lengths. 
Write the part number on each PVC part.
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	PVC Pipe Sections

Stand Part Number

Length, cm

Quantity

1

13.5

6

2

17

6

3

not used
not used
4

40
2
5

22.8
1

6

21.8
4
7

15

1

8

12

2

9

3.6

7
10

24
4

PVC Pipe Connectors

Stand Part Number

Quantity

17 - Elbows

--
8
17 - T’s

--
18



Figure 1: UV Water Treatment System Stand made of PVC piping
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	2
	Assemble the cross members

Assemble three (3) cross member assemblies, each the same.
DO NOT GLUE ANY PIECES TOGETHER UNTIL THE STAND HAS BEEN COMPLETELY ASSEMBLED
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	3
	Assemble the base

Connect the T’s to the first cross member from Step 2. 
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	4
	Connect the lower shelf to the base

Connect the second cross member from Step 2 to the base using T’s and part #10.
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	5
	Add the left side upper legs and T-connectors 

Connect the two legs (part #4) to the lower shelf.
Add T’s to top of each of the legs.
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	6
	Assemble the right side upper legs and cross-bar
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	7
	Add the right side upper legs and cross-bar
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	8
	Assemble the top shelf 

Add elbows and connector part #9 to the third cross member from Step 2 to create the top shelf.
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	9
	Connect the top shelf to the upper legs
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	10
	Assemble the UV unit support 
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	11
	Connect the UV unit support to the stand
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	12
	Assembling, adjusting and marking

DO NOT CEMENT ANY PIECES TOGETHER AT THIS TIME.

Assemble the stand on a level surface. Refer to Figure 1.

Sometimes pieces of the same number are not cut exactly to the same length. If this is the case, you can overcome this problem by leveling the stand and marking the positions of the pieces at the joints before starting to cement.

Use a level to adjust the connections at the joints so the stand is level both horizontally and vertically.



	13
	Test cementing

Use scrap PVC pieces and elbows to test the cement’s hardening speed. You may be surprised how quickly the cement hardens.

Practice until you become comfortable with the speed at which you must work when cementing the joints together.

Joints can be taken apart after a few minutes but it takes an extreme amount of force. Try this by taking apart one of your test joints after allowing the cement to harden for a few minutes.



	14
	Cementing the pieces together

Starting at the bottom, begin cementing the joints one at a time. There are many different ways to do this step – you will develop your own favorite method.
Make sure that you can install the safe water storage container after the stand is assembled (see Step 2 in Chapter 10). If the container does not fit between the legs, you should not cement the top shelf to the upper legs; the top shelf should be removable so the safe water storage container can be easily removed for cleaning.
At a few places, you may need to cement two joints at the same time. 



	15
	Installing the leveling screws

The purpose of the leveling screws is to provide a simple and easy method of leveling the UV treatment unit.

Drill one hole in the center of one horizontal support PVC pipe supporting the UV unit.


On the other side, drill two holes in the PVC pipe next to the elbow and T.

Drill the holes entirely through both sides of the PVC pipe.

Screw in the metal screws about one half their length.
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	16
	Optional -- Paint the stand

Spray paint the stand in a color that is associated with water in the culture where the stand will be used. In many cultures, blue is a good color for the stand. If available, special spray paint for plastics work best.


An optional stand made from stainless steel is in development. The cost of metal makes this stand more expensive than the stand made from PVC but we have some ideas for reducing the price. A picture of this prototype stand is at the left.

Chapter 8:
Constructing the
UV Treatment Unit
This chapter includes:

· Materials and tools needed to construct the UV treatment unit

· How to construct the UV treatment unit

· How to assemble the UV treatment unit

NOTE: Some minor but important modifications were made to the treatment unit design in August, 2007. The word “weir” was changed to “baffle” for simplified translation into other languages. The shape and position of the baffles were modified. The images and measurements in this chapter are the latest design; some images in other chapters still show the earlier design. Those earlier images will be changed in the next version of this handbook.
Purpose

The UV treatment unit is designed to expose water to ultraviolet (UV) energy to inactivate microbiological contaminants in the water. 

This step is different from other steps in the construction process. Building the UV water treatment unit requires cutting, bending and welding sheet stainless steel. In most parts of the world there are skilled persons who can easily complete this step; the average person is not expected to have the tools and skills to complete this step. It will be necessary to find the right person to complete this step. 

The price of the completed UV water treatment unit will depend on the cost of the materials, the profit expected by the metalworker and the volume of units produced. Good negotiating skills will help keep the price as low as possible. 

The drawings and photographs included provide enough information for the metal worker to create a full-size pattern needed to cut out the pieces of stainless steel. As the system builder, you may want to create a model of the UV treatment unit from heavy paper or cardboard to demonstrate what the UV unit will look like when it is completed.

Germicidal UV lamps are available from major lamp manufactures such as Phillips, GE and Sankyo-Denki.

CAUTION: DO NOT TOUCH THE QUARTZ TUBE OF THE LAMP WITH YOUR FINGERS; HANDLE THE TUBE ONLY BY THE METAL AT THE ENDS  
Bare skin contact with the quartz tube (“glass”) must be avoided. Compounds from the skin deposited on the lamps, when heated during operation, will form permanent etching on the quartz surface which will decrease UV energy transmission. A contaminated lamp will eventually overheat causing premature failure.
Figure 1
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Materials needed

	Part No
	Description
	Qty

	1
	0.5 mm thick Type 304 stainless steel sheet metal approximately 50 cm by 75 cm
	1

	2
	UV Germicidal Lamp, 8 watts, 30 cm – G8T5
	1

	3
	Lamp connectors (sometimes called “hangers” or “end caps”)
	2

	Tool 15
	Pop rivets
	4

	4
	Ballast
	1

	5
	Electrical power cord with 220 volt plug, length – 3 meters
	1

	19
	Warning label about UV energy
	1

	7
	Elbow fittings
	2

	27
	Heat shrink tubing, wire nuts and electrical tape
	6

	28
	Rubber grommets
	2

	20
	Sheet metal screws for shield (# 10-12, 10 mm length)
	2

	25
	Silicone sealant-
	


Tools needed

	Tool No
	Description

	15
	Pop rivet gun

	16
	Soldering iron and rosin-core solder

	7
	Screwdriver

	9
	Metal drill bits – various sizes ¼ + 5/32 + 1/8 pop rivets (3 mm + 4 mm + 7 mm)

	1
	Electric drill

	10
	Knife or wire stripper

	3
	Lighter 

	9
	Bi-metal hole drill, 22 mm (7/8 in)


UV treatment unit – plans for each piece
	1
	Completed Reactor Chamber

Exposed edges are rolled to prevent injury
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	2
	Reactor Chamber

Top view
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	3
	Reactor Chamber

Side view
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	4
	Reactor Chamber

End view
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	5
	Baffle
Inlet end

Baffle 

Outlet end
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	6
	Completed Reflector Hood

Exposed edges are rolled to prevent injury
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	7
	Reflector hood
Top view
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	8
	Reflector hood
End view
Measure the width of the hood carefully. The hood must fit over the edges of the reactor chamber.
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	9
	Ballast Cover

This piece is made from a piece 20 cm by 20 cm and is bent as shown.
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Draw full-scale templates on paper for the parts from the dimensions shown.

Instructions for cutting, bending and welding this unit are beyond the scope of this handbook. However, important points learned from experience are included and should be passed on to the metalworker who will build this unit.
UV treatment unit construction
	10
	Measuring and cutting the metal for the parts

Use the templates for the parts to layout the stainless steel sheets for cutting.
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	11
	Assembly

Weld the seams, grind smooth and polish the exterior for a nice appearance.

Polish the inside of reflector hood so it is highly reflective. This will increase the amount of UV energy delivered to the water.
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Installing the UV lamp and electrical components
	12
	Marking and drilling holes in the reflector cover
The locations and sizes of holes to drill depends on the shape, size and design of the lamp hangers and ballast used. 
Install the UV lamp hangers so the lamp is positioned as far as possible toward the exit end of the reflector chamber.

Inspection hole (about 7 mm) is drilled at a location under the ballast shield and covered with a piece of transparent tape. See Step 6 for proper location.
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	13
	Installing lamp hangers

Pop rivet the lamp hangers in place

Test for correct fit by installing a lamp. DO NOT TOUCH THE QUARTZ TUBE OF THE LAMP WITH YOUR FINGERS; HANDLE ONLY BY THE METAL AT THE LAMP ENDS
When finished, remove the lamp and store in a safe place.

The sizes of lamp hangers vary which can cause a major problem. MAKE SURE THE LAMP WILL BE ABOVE THE WATER LEVEL when the system is operating.
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	14
	Connecting the wires and ballast
Rubber grommets, if available, should be used when electrical wires pass through a hole in metal to protect insulation on the wires. 

Insert rubber grommet in wire hole in reflector.
The preferred methods of insulating the wiring connections are:

1) heat shrink tubing, or

2) wire nuts and electrical tape, or

3) Electrical tape only.

If heat shrink tubing is available, thread heat shrink tubing over the wires

Connect the wires from the lamp hangers to the ballast  following the wiring directions on the ballast

Solder all wire connections

Insulate the connections using heat shrink tubing, wire nuts and electrical tape or electrical tape only. Electrical tape loses its “stickiness” over time so apply an adequate amount of tape.
Pop rivet the ballast in its place

Connect and solder the power cord to the ballast wires
Insulate the power connection using wire nuts and electrical tape or electrical tape only. 
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	15
	Installing the shield

Attach the shield using sheet metal screws
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	16
	Installing the power cord

Insert rubber grommet in wire hole to protect insulation on wires 

Tie a knot in the power cord to provide strain relief.

Pass the power cord through the grommet in the shield

Connect the plug to the end of the power cord.
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	17
	Attaching the warning label and water flow arrow
Inspection hole.

Attach the adhesive UV warning label facing up near the inspection hole

At the inlet end, add an arrow showing the direction of flow of the water. This insures that the reflector hood is installed with the UV lamp positioned nearest the exit end of the chamber. The arrow in the photo is made from electrical tape but other materials can be used.
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	18
	Testing lamp operation

Test the system to be sure the UV lamp is working.

CAUTION:  Follow safe electrical practices.

CAUTION: Do not look at the light from the UV lamp – UV rays can damage the eyes and burn the skin.




Installing the fittings for water flow

	19
	Marking and drilling inlet and outlet holes
Mark the location to drill that will allow the nut on the elbow fitting to be easily installed.

Use the bi-metal hole drill to drill an inlet hole in the UV unit trough. The hole should be of correct diameter to allow the elbow fitting to be installed. 

Follow the same procedure to drill the hole for the outlet elbow.
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	20
	Baffles 

Seal the edges where the baffle meets the bottom and the side walls of the chamber with silicone sealant to prevent leakage.
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	21
	Installing the elbow fittings

Install the elbow fitting in the inlet hole with rubber washers on the inside and outside. Tighten nut to prevent leaking. 

Tighten elbow in horizontal position.

Follow the same procedure for the fitting in the outlet hole. 
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	22
	Testing for leaks

Fill the UV unit trough with water.

Check for leaks around the outlet baffle and at both elbows.




Chapter 9:
Constructing the
Safe Water Storage Container
This chapter includes:

· Materials and tools needed to construct the safe water storage container
· How to assemble the safe water storage container
Purpose
The safe water storage container is designed to store treated water until the water is used. After UV treatment, the water does not have any residual ability to inactivate microbiological contaminants introduced following treatment. Therefore, the storage container must be a “closed system”, as shown below in Figure 1, keeping stored water safe from contamination by hands, dippers or scoops.

The preferred option for safe water storage is to use a container specially designed for dispensing water as show in Figure 2. If a container like this is not available, you will need to construct a safe water container using locally available materials. 
Figure 1







Figure 2
	[image: image55.jpg]


  [image: image56.jpg]




	[image: image57.jpg]





Materials needed
	Part No
	Description
	Qty

	6
	Container w lid, 20 liters
	1

	7
	Rubber gaskets
	2

	7
	PVC 90 degree elbow with nut, 2.1 cm inside diameter (ID) of outlet opening
	1

	23
	Spigot with rubber washers and nut
	1


Tools needed

	Tool No
	Description

	1
	Electric drill

	9
	19 mm (3/4 inch) spade bit

	9
	15 mm (5/8 inch) spade bit

	6
	Tape measure


Constructing the Safe Water Storage Container
	1
	Installing the inlet connection from the UV container
Read this entire step before deciding where to drill the hole for the inlet to the water storage container.
Some containers are made from material that allows you to see how much water is inside the safe water container. If you can see the water level through the wall of the container, drill the hole in the top as show in the figure.

OPTION: If you cannot see the water level through the container, you can make a simple change so you can know how much water is in the container. Instead of drilling the inlet hole near the top, drill the inlet hole near the bottom of the container. When assembling the system in Chapter 10, use a longer piece of clear tubing to connect the UV unit to the safe water container. The depth of the water in the container will be easily visible in the clear tubing.
When the UV treatment unit is connected to the storage container, there should be no sharp bends in the tubing.

Use a 19 mm spade bit to drill a hole in the container. The hole should be of correct diameter to allow the elbow fitting to be installed. 

Install the elbow fitting in the hole with rubber washers on the inside and outside. Tighten the nut to prevent leaking. 

Tighten the elbow and leave in a horizontal position.
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	2
	Installing the spigot

Mark the position for the spigot before drilling the hole. The outlet of the spigot must be at least 1 cm above the bottom of the container.

Drill a 15 mm (5/8 inch) hole for the spigot. 

Install the spigot in the hole with rubber washers on the inside and outside. Tighten the nut to prevent leaking.
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	3
	Drill an air hole

Drill a small hole near the top of the container to allow air to escape when the container fills with water. Choose a protected location for the hole so that nothing can enter the container to contaminate the treated water.


	4
	Checking for leaks
· Close the spigot.

· Fill the container half full of water.

· Check for leaks.



	5
	Option
If you cannot find a spigot, you can make your own using the parts shown at the right. 

Use the same type elbow, washers, nut, valve and PVC tubing as used on other parts of the system.
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Chapter 10:
Putting the System Together

This chapter includes:

· Materials and tools needed to assemble the entire system

· Directions for how to assemble the entire system

Purpose 
After each part of the system is constructed, all the parts can be joined together to complete the assembling of the UV treatment system.

Materials needed
	Part No
	Description
	Qty

	
	Inflow container
	1

	
	System stand
	1

	
	Safe water storage container
	1

	
	UV treatment unit
	1

	10
	2.0 cm (3/4 inch) inside diameter (ID) clear tubing
	0.5 m

	17
	PVC cement
	

	17
	2.1 cm (7/8 inch) outside diameter (OD) PVC pipe, length - 5 cm 
	3


Tools needed
	Tool No
	Description

	4
	Level

	7
	Screwdriver

	3
	Lighter

	10
	Knife


Instructions for Putting the UV System Together
	1
	Find the best location for the system

Select a location where the system will be permanently located.

The location you select must

· have an electric outlet within reach of the cord attached to the UV unit

· not be in a high traffic area such as a hall or walkway

· be as close as possible to the source of water being treated

· be safe from thieves and vandalism

· remain as clean as possible. Consider the presence of dust, mud, animal traffic, etc. in your choice of a location

Once you have found a location, position the system stand so the extension arm is on your left when you face the stand.


	2
	Add the safe water container

Put the safe water container on the lower shelf 

of the stand.
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	3
	Add the UV treatment unit

Put the UV treatment unit on the extension arm of the stand. 

Inside the UV unit, the baffle with the holes must be closest to the front.

DO NOT CONNECT TO ELECTRICITY YET.
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	4
	Level the UV unit

Use the adjustment screws in the extension arm of the stand to level the UV unit in both directions.
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	5
	Add the inflow container

Put the inflow container on the top shelf of the stand.


NOTE: Double check to be certain the correct 

 flow rate restrictor is installed on the 
outflow  side of the valve (see Chapter 6)


	[image: image65.jpg]





	6
	Connect the inflow container to the UV unit

Insert a 5 cm piece of PVC into the elbow of the inlet to the UV unit.

Measure and cut the correct length of tubing to connect the outlet of the valve to the inlet elbow of the UV unit.

Remove the pieces of PVC from the elbow and the valve.

Insert one piece of PVC into each end of the tubing.  Soften the tubing by heating the end with matches or a lighter. Then slip the tubing over the PVC to form a water-tight seal.

Connect the valve of the inflow container to the inlet of the UV unit using the tubing with the PVC in each end.
If there are leaks at the connection points, then cement the PVC joints 
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	7
	Connect the UV unit to the safe water storage container 
Insert a 5 cm piece of PVC into the elbow of the outlet to the UV unit. 
Insert a 5 cm piece of PVC into the elbow of the inlet to the safe water container.

Measure and cut the correct length of tubing to connect the outlet of the UV unit to the inlet elbow of the safe water container.

Remove the pieces of PVC from the elbows. 

Insert one piece of PVC into each end of the tubing. Soften the tubing by heating the end with matches or a lighter. Then slip the tubing over the PVC to form a water-tight seal.

Connect the outlet of the UV unit to the inlet of the safe water storage container using the tubing with the PVC in each end.
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	8
	Update the System History Log

Fill in the required information in Form 5, System History Log, found in Appendix A



	9
	Congratulations on reaching this milestone.
Please email MEDRIX at office@medrix.org and tell us about your experience.

MEDRIX wants to know where systems are operating worldwide to better understand

how to reach the greatest number of people for the benefit of the improving the health 

of the global community.




Part 3:
Operation and
Maintenance of the
UV Treatment
System

Chapter 11:
Starting the UV System
after Setup

This chapter includes:

· Materials and tools needed to begin operating the system

· How to process the first batch of water

Purpose

Before the first use of the system, some parts of the system must be sanitized to inactivate microbiological contaminants on the surfaces of the UV unit, tubing and safe water container. Remember, water treated by UV radiation has no residual ability to inactivate microbiological contaminants entering the water after treatment.

IMPORTANT: Any time the water treated by the UV system tests positive for microbiological contaminants, 
· stop using the UV system for drinking water

· correct the problem and

· perform this sanitizing process. 

Materials needed
	Description

	UV Treatment Unit

	Safe Water Storage Container and connection tubing

	Boiling water for sterilizing

	Container to catch discarded water


Sanitizing and Starting the UV System after Setup

	1
	Sanitize the storage container and connector tubing
· Disconnect the safe water storage container from the system. Keep the tubing from the UV unit connected to the safe water container.
· Boil about two liters of water for one minute.

· Close the spigot on the safe water container. 

· Remove the top from the safe water container.

· Pour one liter of boiling water into the safe water container through the top. 

· Replace the top on the safe water container.

· Shake the container so the water contacts all surfaces. Continue shaking for one minute

· Empty one half liter of water from the safe water container through the inlet tubing.
· Drain the remaining water from the safe water container through the spigot.



	2
	Sanitize the UV reactor unit

· Remove the cover from the UV unit.

· Disconnect the UV unit from the safe water container leaving the tubing connected to the UV unit

· Position a bucket to collect water coming from the outlet elbow.

· Boil about one liter of water for one minute.

· Pour one liter of boiling water into the outlet chamber of the UV reactor unit trying to keep the chamber full. Drain the water into a collection container through the outlet tubing. 

· Discard the collected water.
· Replace the UV unit cover.
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	3
	Reassemble the system

· Check the UV unit to be sure it is still level.

· Replace the cover on the UV unit.

· Replace the safe water container on the stand.

· Reconnect the tubing from the UV unit outlet to the safe water container.

· Close the spigot.




Treating the first batch of water

Follow the instructions in Chapter 13 for operating the UV water treatment system.
Discard the first batch of treated water. 
If the sand filter is installed, make sure the clarity of the water is acceptable.

Testing water quality for microbiological contamination

After the first batch of treated water is discarded, treat another batch and test the water quality.

Follow the instructions in Chapter 15 for testing the water for the presence of microbial contaminants after treatment by the UV system.

Materials needed
	Description

	UV Water Treatment System

	Water Quality Test Kit

	Water available to be treated 


	IMPORTANT: Do not drink water from the UV treatment system until the water quality test result is "negative" for microbiological contamination.




Chapter 12:
Training the UV
System Operators

This chapter includes:

· Identifying who is responsible for training

· List of the topics for training

Purpose
Training is an important key to successful daily operation of the system. The water technician who sets up the UV treatment system is responsible for training the users to follow the correct procedures when operating the system. This training should be performed at the time the system is setup. The water technician is also responsible for training the user to test water for the presence or absence of microbial contamination.

Materials needed
	Description

	UV Water Treatment System

	Water available to be treated 

	Container for water that will be discarded

	Water Quality Test Kit

	Form 3, Water Quality Test Results Log

	User Handbook (see Appendix F)


Training the UV Water Treatment System Operators
	1
	Preparing to train

· Complete the UV system setup steps in Chapter 11

· Prepare a Users Handbook to leave with the trainees – see Appendix F
· Have water quality test supplies ready



	2
	Selecting persons to train

· One primary and one backup operator will be trained.

· Select persons who will be responsible for the daily water treatment.

· Arrange a training session when there is ample time to complete the training and when distractions are minimal.



	3
	Explain the UV system to the trainees

· Why is water treatment needed?

· How does the UV water treatment system work?

.

	4
	Demonstrate how the system is operated correctly

· Use Chapter 13, Daily Operation, to train the operators



	5
	Ask the trainee to demonstrate correct system operation steps

· Have each trainee demonstrate how to operate the system

· Correct mistakes and misunderstandings

· Praise the trainees when they perform well



	6
	Demonstrate how to test water quality

· Use the instructions in Chapter 15 to train the operators to test water quality



	7
	Ask the trainee to demonstrate correct water testing steps

· Have each trainee demonstrate how to test a sample of water

· Instruct the trainee to record the test results on Form 3, Water Quality Test Results

· Correct mistakes and misunderstandings

· Praise the trainees when they perform well



	8
	Review
· Review the steps of the Daily Operation instructions

· Review the steps for water quality testing

· Remind the trainee to review the User Handbook whenever they have questions



	9
	Handling problems
Inform the trainee regarding who to contact if they experience any problems.


	10
	Follow up

Ask the trainees if they have any questions


Chapter 13:
Daily Operation

How to Operate the Ultraviolet Water Treatment System
Attach these instructions to the side of the inflow container.
STARTING:

1. Close the valve and the spigot.

2. Fill the inflow container. Use only water that looks clear. When adding water, do not pour the water directly onto the sand.  

3. Plug in the UV lamp and look for blue light in the inspection hole in the cover of the UV unit.
4. Use the system ONLY if you can see the blue light in the inspection hole; indicating the UV lamp is operating. 

5. Wait for 2 minutes while the UV lamp warms up.

6. Open the valve to begin treating water. Add more water as needed.

STOPPING:

7. Check the blue light in the inspection hole to make sure the UV lamp is still operating. If the blue light is not “on” at this time, discard the water in the storage container and repair the system before using again.

8. When the safe water container is full, close the valve, wait 2 minutes, then turn off the UV lamp. 

9. Loop the electrical cord from the UV unit over the valve handle to remind the next user to turn on the UV lamp before starting the water flow.

CAUTIONS:

· Always put treated water in a sanitized, clean container. 

· Do not look at the light from the UV lamp – UV rays can damage the eyes and burn the skin.

· If the water output rate slows down significantly, it probably means the sand filter is becoming clogged.  Read the instructions about how to solve this problem.

Chapter 14:
Regular System Maintenance

This chapter includes:

· Materials and tools needed to check the system for needed maintenance

· List of items to check

Purpose

All systems need periodic inspections to identify existing problems or potential trouble points. This maintenance inspection check and all necessary repairs should be performed by a certified technician.

Materials needed
	Part No
	Description
	Qty

	2
	Digital Ultraviolet Radiometer
	1

	15
	Water Quality Test Kit 
	1

	Form 3
	Water Quality Test Results Log 
	1

	Form 5
	The System History log
	1

	20
	Watch 
	1

	21
	Measuring container marked in liters 
	1

	See Ch 18
	UVT Test Reactor Chamber
	1


Inspection Points

1. Review the periodic water quality test results recorded in Form 3, Water Quality Test Results Log

· Were the tests conducted at the specified time intervals?

· If the test was positive for bacteria, was appropriate action taken?

· If testing is not up-to-date, perform a water quality test.

2. Review Form 5, the System History Log, looking for any problems and the date of last maintenance.

3. Sanitize the system every other month following the instructions in Chapter 11. Record today’s date and the word “SANITIZED” on Form 3, Water Quality Test Results Log
4. Quiz the operators about their knowledge of the system operation.

5. Check the UV lamp output. Is the lamp output at least 900 µW/cm2 when measured through the quartz monitoring window with no water in the UVT test reactor chamber? If less than 900 µW/cm2, the lamp must be replaced.

6. Measure UV energy transmittance (UVT) of the water being treated. Is the UV irradiance through the water measured using instructions from Chapter 4 less than 400 µW/cm2 which requires pretreatment of the water?

7. Measure the water flow rate from the sand filter into the UV treatment unit.

· Is the flow rate correct for the water quality assessment of the untreated water? The correct flow rate is shown on Form 5, System History Log. 

· Has there been any change in the quality of the untreated water source such as increased turbidity since the initial assessment? If yes, does the water quality need to be re-assessed?

8. Is the sand filter clogged?

· Is the flow rate from the sand filter less than 1 liter per minute?

9. Check physical condition and stability of equipment

· Is the system stable?

· Does the location of the equipment present any potential problems? 

10. Check electrical connections and safety

· Inspect wires for loose connections or breaks

· Does the plug connecting the cord to the electrical outlet fit tightly so it will not accidentally be disconnected?

· Ask the user if they ever receive a shock when touching the equipment.

11. Are Operating Instructions posted on the system?

12. Quiz some users about sanitation practices for use of treated water.

13. Is there water on the floor under the system? This could indicate a leak in the system connections.
14. Is the equipment dirty? If yes, ask user to cover the equipment with a cloth when it is not in operation.

Make a record of this maintenance inspection and the repairs made in Form 5, System History Log.

Part 4:
Protocols for
Testing Water
Quality
Chapter 15:
Testing Water for
Microbiological Contaminants

This chapter includes:

· Materials needed to test a water sample for bacterial contamination

· How to collect a water sample 

· How to incubate the sample

· How to interpret and record the results of the test 

· How to dispose of the sample

Materials needed

	Part No
	Description
	Qty

	26
	Hand sanitizer
	1

	15
	20mL test bottles with caps   
	1

	15
	PathoScreen™ medium MPN pillows
	1

	26
	Alcohol sanitizing swab
	1

	15
	Bleach solution (5-6%)
	1


Tools needed

	Tool No
	Description

	18
	Permanent marker

	Form 3
	Water Quality Test Results Log


Before you begin testing…..

If a reliable local organization is already responsible for monitoring water quality, consider using their testing services. 
If testing services are not available or affordable, follow these instructions to conduct your own water quality test.

The Hach Company has give permission to reprint the PathoScreen Field Kit instruction manual (catalog number 28591-88). Information in italics has been added by the author of this handbook for the purpose of clarification and ease of translation into non-English languages. Some parts have been reformatted according to the guidelines for this handbook.
	[image: image69.emf]
	ANALYTICAL PROCEDURE 

PathoScreen™ Field Kit


Bacteria: Hydrogen Sulfide Producing -- Method 10032 

Scope and Application: For detection of Salmonella, Citrobacter, Proteus, Edwardsiella, and some species of Klebsiella in drinking water, surface water, and recreational waters. 

Media: PathoScreen* Medium Detecting Bacteria and Pathogens 

Many serious diseases, such as typhoid fever and dysentery, can be traced directly to pathogenic microorganisms in polluted water. These disease-producing organisms are discharged in fecal wastes and are difficult to detect in water supplies. People may come in contact with these pathogens in drinking water or in recreational waters such as swimming pools, rivers, streams, lakes, and bathing beaches. 

* PathoScreen is a trademark of Hach Company. 

Direct testing for bacterial pathogens is often impractical and requires lengthy and complex test procedures, making the use of indicator organisms routine. Indicator organisms are usually of fecal origin. They are present when pathogens are present and absent when pathogens are absent. They are usually not pathogenic. No single organism satisfies all of the criteria for an indicator. For example, in temperate climates total coliform bacteria are commonly used as indicator organisms in potable water supplies. In most tropical climates indigenous E. coli produce positive reactions when traditional coliform tests are used. To minimize false positive results, other bacteria known to be associated with fecal contamination may be used as indicator organisms. Hydrogen sulfide-producing bacteria are associated with the presence of fecal contamination and may be used as indicator organisms. 

The PathoScreen™ Medium detects the presence of hydrogen sulfide-producing bacteria including Salmonella, Citrobacter, Proteus, Edwardsiella, and some species of Klebsiella. Indigenous E. coli does not interfere with the PathoScreen test, which makes it an excellent alternative to coliform testing. The sterilized powder medium is easy to use and produces easy-to-interpret, reliable results. PathoScreen Medium is well-suited for monitoring drinking water systems in developing tropical countries, in remote field locations, and in disaster or emergency situations. 

Preparing Sample Containers 

Sample bottles must be sterilized before every use. Clean bottles thoroughly with soap and water, then perform the sterilization procedure. Wash hands thoroughly with soap and water to minimize contamination of sample. 

Sterilization Procedure
	1
	Add 10–12 drops of bleach solution to the bottle. Screw the cap on the test bottle.
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	2
	Swirl and invert the bottle to completely coat the walls of the bottle and inner surface of the cap. Allow the bottle to sit for 2 minutes.
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	3
	Pour out the bleach solution. 
Do not pour the bleach solution into the water source to be tested.
Replace the cap on the bottle. The bottle is now ready for use in the test.
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Conducting the Presence-Absence Test with PathoScreen Medium

Note: Wash hands thoroughly with soap and water to minimize contamination of sample.

	4
	Label the sample test bottle with:

· Name of test location

· Water source (well, pipe, stream, etc.)

· Date and time of test

· Name of tester
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	5
	Use hand sanitizer on the hands of the testers, particularly on the ends of the fingers and under fingernails
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	6
	Remove the cap from the bottle.

Rinse the bottle several times with sample water.

Fill the sterilized bottle to the shoulder with sample (approximately 20 mL).
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	7
	Add the contents of one PathoScreen Medium powder pillow to the water sample. 

Note: To avoid contamination, swab the area of the tear on the pillow with an alcohol swab before tearing the pillow opening.
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	8
	Screw the cap on the bottle immediately. 
Invert the bottle to thoroughly mix the water sample with medium.
The color of the sample at this time should be yellow.
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	9
	Place the bottle in a location with constant temperature at 25–35 °C (77–95 °F) for 24 to 48 hours.

In many tropical locations, incubation in open air will meet these criteria. If the air temperature is below 25°C (77°F) then a heat source such as a light bulb placed near the sample can be used to increase the temperature. Use extreme caution with any method used to produce heat so a fire hazard is not created.

Incubation above 35°C (95°F) must be prevented. Heat can destroy bacteria and could cause a false negative test outcome.

Do not place the samples where they will receive direct sunlight as this may also cause a false negative outcome.
Before leaving the testing site, remove any garbage from the collection process (i.e.-Media pouches and alcohol swabs, etc.)



	10
	Evaluate the reaction after 24 hours (Table 1). 
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	11
	Disposing of the Sample

If you have cuts on your hands, ask someone else to perform this step.

Dispose of the contents in the bottle in the same way human fecal matter is disposed of. Use the best sanitary practices available in your location.

Sanitize your hands with hand sanitizer or wash hands vigorously with soap.




Collecting and Preserving Samples 

General Guidelines 

Use proper sampling techniques to ensure seasonal variances are detected and the results are representative of the sample source. Avoid sample contamination during collection. Carefully open each sample container just prior to collection and close immediately following collection. Do not lay the cap down or touch the mouth or inside of the container. The PathoScreen medium contains sodium thiosulfate, so no dechlorination is necessary if the sample is added directly to the medium on site. Otherwise, treat samples to destroy chlorine residual and transport for analysis immediately after collection. Sodium thiosulfate sterilized within the collection container is commonly used to destroy chlorine residual. If samples cannot be analyzed immediately, label and store samples for up to 24 hours. In warm climates, maintain sample temperature between 4–10 °C (39–50 °F). Failure to properly collect and transport samples will cause inaccurate results. 

Collecting from Faucets, Spigots, Hydrants, or Pumps 

• Collect representative samples by allowing the water to run at a moderate rate (without splashing) for 2–3 minutes before sampling. 

• Do not adjust rate of flow during sample collection. 

• Avoid valves, spigots, or faucets that swivel or leak. 

• Remove aerators or screens before sample collection. 

Collecting from Rivers, Lakes, and Reservoirs 

• Do not sample near the edge or bank. 

• Remove the cap, hold the sample container near the bottom, and plunge the container mouth-down into the water. (This technique excludes surface scum.) 

• While submerged, position the mouth of the container into the current. 

• In non-flowing water, tilt the mouth of the container up slightly and allow it to fill slowly. 

Some good communication practices to follow related to water quality testing

Do NOT:

· Say the water is “bad” or

· Say the water is “okay” until you have completed your testing

· Discuss test results with persons who are not in leadership in the community.

Do:

· Explain you are testing the water to make sure it is safe to drink

· Tell the local leaders you will evaluate the test results and discus the results with them at a later time

Chapter 16:
Testing Water
for Turbidity

This chapter includes:

· Materials needed to build a turbidity tube

· Instructions for how to build a turbidity tube

· Instructions for how to test a water sample for turbidity 

Purpose

If the turbidity in source water is too great, some water may not receive the minimum UV radiation dosage necessary to inactivate microbiological contaminants and the “treated” water may not be safe to drink.

Laboratory quality equipment to measure turbidity is expensive. The inexpensive and simple tool described in the following section provides a reasonably-accurate quantitative estimate of the level of turbidity well suited to our needs.
Materials needed
	Part No
	Description
	Qty

	21
	Tube material – translucent, diameter 3 or 4 cm, 70 cm length 
	1

	22
	PVC end cap
	1

	Form 1
	Initial Assessment Form
	1


Tools needed
	Tool No
	Description

	10
	Knife

	6
	Tape measure with metric markings

	18
	Black waterproof marker or black and white paint


Testing Water Sample for Turbidity

	1
	Mark viewing disc

On the inside of the PVC end cap, draw the “Secchi disk” shown at the right using a waterproof marker or black and white paint.

The lines of the Secchi disk must be sharp and straight. 


	Secchi disk
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	2
	Install end cap

Cut the clear tube to a length of 70 cm.

Put the PVC end cap on the tube. The cap should fit tightly so water cannot leak out.


	3
	Mark tube with NTU values

Mark the tube with NTU values using these measurements.

Begin measuring from the surface of the Secchi disk. 

See the diagram at the right. 

cm

NTU

63.0

5

41.5

10

31.0

15

25.0

20

19.0

30

13.5

50

8.3

100

5.1

200

3.7

300

2.5

500

Measurements for the NTU markings on the turbidity tube were provided by Robens Centre for Public and Environmental Health at the University of Surrey in England.
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Performing a Turbidity Test

· Stand with your back to the sun so the turbidity tube will be shaded.
· Pour water into the tube. Avoid creating bubbles, as these may cause false readings.
· Look straight down into the tube with your eye close to the tube opening. 
· Stop adding water when the Secchi disk at the bottom of the tube is no longer visible. Rotate the tube slowly as you look to make sure you can not see the Secchi disk.
· Read the NTU marking nearest the water level. 

· Record the NTU reading on Form 1, Initial Assessment, located in Appendix A
To meet the Vietnamese Ministry of Health DRINKING WATER HYGIENIC STANDARDS (Issued in accordance with the Decision No. 1329/2002/BYT/QD of Minister of health dated 18/4/2002), the turbidity must be equal to or less than 2 NTU. 

If the turbidity is greater than 5 NTU for UV treatment to be effective, pretreatment of the source water is required.

Chapter 17:
Testing Water
for Iron Content

This chapter includes:

· Materials needed to test a water sample for iron content

· Instructions for how to test a water sample for iron content 

Purpose

A high concentration of iron in the water increases absorption of UV energy which may cause some water not to receive the minimum UV dosage to inactivate microbiological contaminants.

This test will determine the iron content of the water.

Tools needed
	Tool No
	Description
	Qty

	19
	Iron Test Strip and Test Index Card 
	1

	Form 1
	Initial Assessment Form
	1


Test Procedure 

Follow the directions included with the Iron Test Kit.

Record the test result on Form 1, Initial Assessment Form

To meet the Vietnamese Ministry of Health DRINKING WATER HYGIENIC STANDARDS (Issued in accordance with the Decision No. 1329/2002/BYT/QD of Minister of health dated 18/4/2002), the iron content must be equal to or less than 0.5 mg/liter. 

If the iron level is greater than 0.3 mg/l then pretreatment of the source water is required.

Chapter 18:
Testing Water
for UV Transmissivity (UVT)

This chapter includes:

· Materials needed to build a UVT measurement reactor

· Instructions for how to build a UVT measurement reactor

· Instructions for how to test a water sample for UV Transmissivity

Purpose

Read Chapter 4 to understand the importance of UV Transmissivity (UVT) and how it is measured. In this chapter we will describe how to build the necessary equipment and make the UV measurements needed to calculate the UVT.

Materials needed
	Part No
	Description
	Qty

	1
	Stainless Steel UV Reactor (see Chapter 8)
	1

	22
	Quartz disc
	1

	25
	Waterproof cement sealer
	1

	Form 1
	Initial Assessment Form
	1


Tools needed
	Tool No
	Description

	2
	Digital Ultraviolet Radiometer 

	1
	Electric drill – 3/8 inch or larger

	9
	22 mm (7/8 inch) hole bit

	24
	Glove


Building the UV Transmissivity Test Reactor
	1
	Building the UVT test reactor

Drill one 22mm (7/8 inch) hole in the middle of the bottom of the UV reactor

Cement a quartz disc over the hole on the inside of the reactor. The seal must be watertight.

Allow the cement to dry

Rotate the elbows “up” to allow reactor to fill with water

Fill the reactor with water and check for leaks.
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UV Transmissivity Measurement Procedure
	2
	Measuring UV energy
Follow the instructions in Chapter 4 to make the two measurements needed to calculate the UVT.

The chamber and the quartz window must be dry.

Put the sensor of the radiometer against the quartz monitoring window in the bottom of the reactor. 

Rock the radiometer back and forth and record the highest reading.

Note the glove on the hand holding the radiometer – the quartz window allows harmful UV energy to exit the reactor.
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Record the results of the radiometer readings on Form 1, Initial Assessment Form

Perform the UVT calculations
After taking the two measurements described in this chapter return to Chapter 4 to complete the UVT calculations.
Part 5:
Monitoring
and
Evaluation

Chapter 19:
Reporting Water Quality
Test Results

This chapter includes:

· Materials and tools needed to report test results

· Instructions about procedures for reporting test results

Purpose

Testing water quality insures the UV treatment unit is operating correctly and providing safe water. The reporting procedure meets two important needs: 

· reminds the system operator to test the water quality, and

· provides data to the water quality monitoring agency about the effectiveness of the regional UV water treatment program.

Materials needed
	Part No
	Description
	Qty

	Form 4
	Postcard response to report test results
	1

	15
	Water quality test kit with instructions
	1


Reporting Water Quality Tests
	1
	Reminder to test and return postcard

Receive an envelop containing a reminder to test the water quality of your UV system and report the results to the monitoring office. 
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	2
	Perform the test of water quality

Use the test kit to perform the water quality test according to the instructions. See Chapter 10.


	[image: image86.jpg]





	3
	Report the test results

Record the results of the test in the Water Quality Test Results Log.

Fill in the information on the postcard you received in the mail. Then mail the postcard to the organization designated to monitor results in this region.
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Chapter 20:
Reporting Problems

This chapter includes:

· Instructions for reporting problems

Purpose
Maintaining the UV water treatment system in proper working order is critical to achieving the outcomes the system is designed to produce. 

The user of the system has the primary responsibility for reporting any problems with the system and then following through to insure that repairs are completed. 
IMPORTANT: If you suspect a problem has caused the quality of the water to become unsafe to drink, stop using the system immediately. Notify the contact person to have the system inspected and repaired.
Materials needed
	Part No
	Description
	Qty

	Form 5
	System History Log
	1


Reporting Problems
	1
	Update the System History Log.

Fill in the required information in Form 5, System History Log in the Operation Problems and Solutions section.



	2
	Who to contact for help.

Contact Name:
Phone:
Address:
Email:




Appendix A:

Forms
Form 1: Initial Assessment
	Site Name:  
Site Number: 
	Date:

  
	Your Name:

  

	picture

	Province:  
 FORMCHECKBOX 
 Health Clinic     FORMCHECKBOX 
 School (level)  
 FORMTEXT 

     
      Household      FORMCHECKBOX 
 Other  
Avg daily population_____   Est. water usage/day_______   # water stations____

GPS Coordinates (WGS84):  Latitude:  N or S         
Longitude:  E or W          
Names of contact persons/phone number/email:      /


1. Current source for drinking water: 

a.  FORMCHECKBOX 
 Central distribution from piped system

b.  FORMCHECKBOX 
 Dug well  1)  FORMCHECKBOX 
 concrete lined  2)  FORMCHECKBOX 
 unlined  3)  FORMCHECKBOX 
 covered  4)  FORMCHECKBOX 
 pad  5)  FORMCHECKBOX 
  pump  6)  FORMCHECKBOX 
 bucket

c.  FORMCHECKBOX 
 Drilled well  1)  FORMCHECKBOX 
 electric pump  2)  FORMCHECKBOX 
 hand pump

d.  FORMCHECKBOX 
 Driven well  1)  FORMCHECKBOX 
 electric pump  2)  FORMCHECKBOX 
 hand pump

e.  FORMCHECKBOX 
 Surface water (river, stream or pond)       f.   FORMCHECKBOX 
 Rain water

g.  FORMCHECKBOX 
 Bottled water
h. Does water source ever become dry?  1)  FORMCHECKBOX 
 yes   2)  FORMCHECKBOX 
 no

i.  What is the distance of water source from the nearest latrine?  
j.  Is city (piped) water available nearby? 1)  FORMCHECKBOX 
 yes   2)  FORMCHECKBOX 
 no

2. Current treatment method: (check all that are used)

a.  FORMCHECKBOX 
 Sand filter

b.  FORMCHECKBOX 
 Boiling       Method:  1)  FORMCHECKBOX 
 electricity 2)  FORMCHECKBOX 
  wood or charcoal fire  3)  FORMCHECKBOX 
 gas

c.  FORMCHECKBOX 
 Ceramic filter

d.  FORMCHECKBOX 
 Chlorine

e.  FORMCHECKBOX 
 No treatment before use

f.   FORMCHECKBOX 
 Other (describe) 
3. Storage method for drinking water: (check all that are used)

a.  FORMCHECKBOX 
 Cistern                  Type:  1)  FORMCHECKBOX 
 covered  2)  FORMCHECKBOX 
 uncovered

b.  FORMCHECKBOX 
 Tank                      Type:  1)  FORMCHECKBOX 
 plastic  2)  FORMCHECKBOX 
 metal     3)  FORMCHECKBOX 
 other      
c.  FORMCHECKBOX 
 Small Container    Type:  1)  FORMCHECKBOX 
 plastic  2)  FORMCHECKBOX 
 thermos  3)  FORMCHECKBOX 
 other      
4. Quality of raw source water

	color
	odor
	Turbidity (NTU)
	Bacteria test        (+ or -)
	TDS

(ppm-KCl)
	Fe        (ppm)
	NO3      (ppm)
	NO2      (ppm)
	UV Irr (no water)
	UV Irr (with water)

	
	
	
	
	
	
	
	
	
	


5. Quality of pretreated water (if any – typically sand filtered)

	color
	odor
	Turbidity (NTU)
	Bacteria test        (+ or -)
	TDS

(ppm-KCl)
	Fe        (ppm)
	NO3      (ppm)
	NO2      (ppm)
	UV Irr (no water)
	UV Irr (with water)

	
	
	
	
	
	
	
	
	
	


6. Organizations that have providing assistance with water and sanitation projects:

	 FORMCHECKBOX 
 None

 FORMCHECKBOX 
 Self Help  

 FORMCHECKBOX 
 Local government agency  
	 FORMCHECKBOX 
 UNICEF

 FORMCHECKBOX 
 Other      
 FORMCHECKBOX 
 Other      


7. Perceived Needs:       

Form 2: Follow-up Assessment
Use of UV Treatment System Assessment Form

	Site Name:

  

	Date:

  
	Site Number:

  
	Your Name:

  


GPS Coordinates (WGS84):   Latitude:  N         
Longitude:  E          
Names of contact persons:


1. System Operation:

a. Is UV system currently in use? 1)  FORMCHECKBOX 
  yes   2)  FORMCHECKBOX 
  no  if “no”, why

b. Is practice of boiling continuing?  1)   FORMCHECKBOX 
  yes  2)  FORMCHECKBOX 
  no

c Are user instructions posted near the UV system?  1)  FORMCHECKBOX 
  yes  2)  FORMCHECKBOX 
  no

d Is the location of the UV system convenient for users? 1)  FORMCHECKBOX 
  yes  2)  FORMCHECKBOX 
  no

2. How many times each day is the UV system used to process water?  

a.  FORMCHECKBOX 
 none      b.  FORMCHECKBOX 
 1      c.  FORMCHECKBOX 
 2      d.  FORMCHECKBOX 
 3     e.  FORMCHECKBOX 
 more than 3     f. other 
3. User Training on Operation: 

Has primary user received adequate training?  a. FORMCHECKBOX 
  yes   b. FORMCHECKBOX 
  more training needed

Is a backup user trained to operate the UV treatment system?  a.  FORMCHECKBOX 
 yes   b.  FORMCHECKBOX 
 no

4. User Training on Water Quality Testing: 

Has primary user adequately trained?  a.  FORMCHECKBOX 
  yes     b.  FORMCHECKBOX 
  more training needed

5. Frequency of Testing Water Quality
How often is the water tested?  a.  FORMCHECKBOX 
 never   b.  FORMCHECKBOX 
 weekly  c.  FORMCHECKBOX 
 monthly  d. FORMCHECKBOX 
 other
6. Write here any comments from the user.

7. Do you observe any physical problems? (e.g., leaks, cracks, etc.)

8. Do you observe any operating problems? 

9. Test Results of Flow Rate and Water Quality:

Measured Flow Rate: a.          Maximum Allowable Flow Rate: b.      
Result of test for microbiological contamination in treated water   
c.  FORMCHECKBOX 
  present    d.  FORMCHECKBOX 
  absent   e. Date:      
10. Comments:

Form 3: Water Quality Test Results Log
Results of H2S test for presence or absence of bacteria in treated water

	Site Name:

  

	Date Installed:

  
	Site Number:

  


GPS Coordinates (WGS84):   Latitude:  N         
Longitude:  W or E          
	Date and Time of Test
	Result after 24 hours (circle one)
	Result after 48 hours (circle one)
	Name of Tester

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	

	
	OK (yellow)

Not OK (black)
	OK (yellow)

Not OK (black)
	


Form 4: Water Quality Test Reporting
On the first Monday of the month, perform the test of water quality according to the instructions. After the test is completed, fill in the following information on this postcard  and then mail the postcard. Please print all information.

	Site Name:

  

	Site Number:

  
	Other Location Information:

  

	Date of Test:

       
	Printed Name of Person Performing Test:

  
Signature of Person Performing Test:



	Result of Test:

   FORMCHECKBOX 
 Absence of bacteria

   FORMCHECKBOX 
 Presence of bacteria

	How many tests can you perform in the future with the supplies currently on hand?           
Comments:

       



	[image: image88.wmf]
To: UV Water Treatment Test Monitor

Name of Monitoring Agency

Post Office Box 1234

City, Province

Country




Form 5: UV Treatment System History Log
	Site Name:

  

	Site Number:

  
	Other Location Information:

  


1. Installation
	Name of installer


	Date of installation
	Describe model and features installed
	Maximum allowable
flow rate


2. Training

	Name of trainer


	Date of training
	Names of persons trained
	Comments

	Name of trainer


	Date of training
	Names of persons trained
	Comments


Document additional training on extra sheets

3. Operation Problems and Solutions
	Name of person identifying problem


	Date of problem
	Describe the problem
	How was the problem resolved?

	Name of person identifying problem


	Date of problem
	Describe the problem
	How was the problem resolved?


Document additional problems on extra sheets

4. Maintenance and UV Lamp Replacement
	Name of person performing maintenance


	Date of maintenance
	Describe work completed. If UV lamp replaced, record new output at 40 mm in µW-sec/cm2
	Why was this work performed? 


Document additional maintenance on extra sheets

Form 6: Parts and Tools Inventory Form
	Part Number

#
	Part Name


	Description



	Model Number

[image: image89.png]



	Important Criteria / number needed



	Cost


	Where to buy / Business Name / Address / GPS coordinates



	Photo
	Comments

 


	Part Number

#
	Part Name


	Description



	Model Number

[image: image90.png]



	Important Criteria / number needed



	Cost


	Where to buy / Business Name / Address / GPS coordinates



	Photo
	Comments

 


Appendix B:

Parts Inventory
	Part Number

1
	Part Name

Ultraviolet Treatment Unit


	Description
Ultraviolet reactor and cover with UV lamp mountings and power supply

	Model Number

[image: image91.png]


Custom built
	Important Criteria / number needed

Stainless steel construction

Built to exact specifications of plans

Quantity – 1

	Cost
Vietnam – 

2005 -- 165,000 dong

2006 – 190,000 dong


	Where to buy / Business Name / Address / GPS coordinates

Phuoc Phoung

115 (#14) Ong Ich Khiem, Hue

N 16( 28.293  E 107( 35.102 
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	Comments

 


	Part Number

2
	Part Name

UV Germicidal Lamp
	Description

Ultraviolet germicidal lamp



	Model Number

[image: image93.png]


Sankyo Denki Co, Ltd

G8T5


	Important Criteria / number needed

Length 30 cm

8 watts

Must be “germicidal” UV

Quantity – 1

	Cost
Vietnam – not currently available
In US -- $5.10 plus shipping and tax
	Where to buy / Business Name / Address / GPS coordinates
TEC/WEST (U.S.A.), Inc.
6344 Arizona Circle

Los Angeles, CA  90045

+1 (800) 421-7215 x 200

info@tecwest.com
http://www.tecwest.com/lighting/germicidal.html
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	Comments

Tec/West has successfully FedExed to our office in Vietnam
Distributorships can be established by contacting the lamp manufacturer directly at 

Sankyo Denki Co., Ltd

Export Dep't., No. 1908,

Shin-Aoyama Bldg., 1-1-1 Minami,

Aoyama, Minato-ku, Tokyo, Japan

Phone 81-03-3402-4141


	Part Number

3
	Part Name

Lamp connectors


	Description
Electrical connectors for UV lamp (sometimes called “lamp hangers” or “end caps”)


	Model Number

[image: image95.png]


none
	Important Criteria / number needed

Fits G8T5 UV lamp

Quantity -- 2


	Cost

2,000 dong each


	Where to buy / Business Name / Address / GPS coordinates

Ask for  Mr. Phú
Quang Phu Electric store
136 Lê Quang Định, P.14, Q. Bình Thạnh, TP. HCM
Phone: 08-414-473   Mobile: 0913-930-1963
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	Comments

 


	Part Number

4
	Part Name

Transformer


	Description

Electrical transformer


	Model Number

503

Manufacturer: QP 

323 Hoang Van Thu,

Hanoi  (new location – ask Mrs Ha)
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	Important Criteria / number needed

220 volts, 40 watt

4 wires for lamps

Quantity – 1

Dimensions – 4 cm by 3 cm by 15 cm


	Cost

19,000 to 20,000 dong


	Where to buy / Business Name / Address / GPS coordinates

Tung Hong
35 Nguyen Sinh Cung, Vy Da, Hue

N 16( 28.541  E 107( 35.724
Morning Star Company 

27 Hoang Sam, Hanoi.
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	Comments

Very common in Vietnam
Used for fluorescent lamps

Made in Vietnam

20watt model will work but not as good


	 Part Number

5
	Part Name

Power Cord


	Description

Power cord for transformer


	Model Number

[image: image99.png]


 none


	Important Criteria / number needed

Vietnam style 220 Volt plug

Two wire

Length – 3 meters



	Cost

6,500 dong

	Where to buy / Business Name / Address / GPS coordinates

Tung Hong
35 Nguyen Sinh Cung, Vy Da, Hue

N 16( 28.541  E 107( 35.724
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	Comments

 


	Part Number

6
	Part Name

Container


	Description

1. Sand filter container

2. Safe water storage container



	Model Number

none
	Important Criteria / number needed

Plastic, 20 liters, large open top at least 11 cm

Flat sides to minimize leakage 

Height 45 cm, width 25 cm, depth 25 cm

Quantity -- 2


	Cost

30,000 dong each
$1.95 US

	Where to buy / Business Name / Address / GPS coordinates

Vendor – Lam

Dong Ba Cho

N 16( 28.312  E 107( 35.304
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	Comments

Substitute -- water container – must sanitize with chlorine wash NOT boiling water

Buy at 29 Tran Thuc Nhan – Thanh Pho, Hue

054 826307 – cost about 30,000 dong




	Part Number

7
	Part Name

Elbow fittings


	Description

Water tight plastic fitting to connect to tubing



	Model Number

[image: image102.png]


none
	Important Criteria / number needed

Rubber ‘O’ rings for water tight seal

Locking nut

Quantity – 4

21mm inside diameter for PVC connection



	Cost

4,200 dong each (2006)

	Where to buy / Business Name / Address / GPS coordinates

Phuc Hung

137 Huynh Thuc Khang, Hue, Vietnam

N 16( 28.632  E 107( 35.181
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	Comments

 [image: image104.jpg]


The rubber washers and nut assembly looks like this when purchased.


	Part Number

8
	Part Name

Valve
	Description

Flow control valve for UV treatment inlet


	Model Number

none
	Important Criteria / number needed

Diameter – fits tubing
Quantity -- 1

	Cost

6,000 dong (2006)

	Where to buy / Business Name / Address / GPS coordinates

Phuc Hung

137 Huynh Thuc Khang, Hue, Vietnam

N 16( 28.632  E 107( 35.181
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	Comments

 


	Part Number

9
	Part Name

Flow Restrictor


	Description

Flow control restriction device 

	Model Number
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Custom built
	Important Criteria / number needed

Diameter – fits inside valve body

Hole diameter = 3.5 mm (9/64 inch)
Quantity -- 1


	Cost

minimal

	Where to buy / Business Name / Address / GPS coordinates
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	Comments

A US penny is the correct size
Vietnamese 1,000 dong coin is also correct size..


	Part Number

10
	Part Name

Tubing


	Description



	Model Number
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none
	Important Criteria / number needed

Flexible and Clear

Length – 1 meter

Diameter, inside – 20 mm


	Cost

6,000 dong per meter


	Where to buy / Business Name / Address / GPS coordinates

Dung Huong
93 Huynh Thuc Khang St, Hue

N 16( 28.569  E 107( 35.211
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	Comments

 


	Part Number

11
	Part Name

Sand


	Description

Sand, type quartz


	Model Number
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none
	Important Criteria / number needed

As clean as possible

Small grains

Quantity – 0.25 m3


	Cost

5,000 dong

	Where to buy / Business Name / Address / GPS coordinates



	Photo
	Comments

 


	Part Number

12
	Part Name

Filter Pipe


	Description

Slotted filter pipe inside inflow container


	Model Number
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none
	Important Criteria / number needed

Length - 25 cm
Minimum diameter – 5 cm


	Cost

7,500 dong
60,000 dong / 2 meters


	Where to buy / Business Name / Address / GPS coordinates

Dung Huong
93 Huynh Thuc Khang St, Hue

N 16( 28.569  E 107( 35.211
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	Comments

 Exact diameter is not important

[image: image113.jpg]





	Part Number

13
	Part Name

Filter Pipe ‘O’ Ring


	Description

‘O’ ring that prevents sand from leaving the sand filter


	Model Number

none
	Important Criteria / number needed

Quantity = 1

Flexible, easy to install

Same diameter as Filter Pipe



	Cost

minimal

	Where to buy / Business Name / Address / GPS coordinates

various


	[image: image114.jpg]



	Comments

Many possible solutions; be creative. The foam padding used on motorcycle seats works well


	Part Number

14
	Part Name

Filter Pipe End Cap


	Description

End cap that prevents sand from leaving the sand filter container


	Model Number

[image: image115.png]


none
	Important Criteria / number needed



	Cost

1,000 dong


	Where to buy / Business Name / Address / GPS coordinates

Shop across the street from pCERWASS in Hue.
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	Comments

Many possible solutions; be creative. It is possible to use Part 13, Filter Pipe “O” Ring in place of this part – installation is more difficult but end result works fine when both “O” rings are properly positioned so that sand does not leak out


	Part Number

15
	Part Name

Water Quality Test Supplies


	Description

Water Quality test supplies


	Model Number

Hach Company

Pathoscreen Field Test Kit 28591-00

Medium pillows only 26107-96
	Important Criteria / number needed

Each kit contains media for 100 tests


	Cost

From Hach in US - $ 0.30 USD per test

From Hach distributor in Vietnam -- $ 0.?? per test 

	Where to buy / Business Name / Address / GPS coordinates

Special order from HCMC – Hach Distributor
Cong ty Co Phan Thiet Bi Thi Viet
2-4 Thach Thi Thanh , Quan 1 TP HCMC
Phone 08 8209326 Fax 08 8209319 Mobile 0903 940887  email dinhhien@thiviet.com
Or order from US website www.hach.com
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	Comments




	Part Number

16
	Part Name

Label


	Description

Label  for side of inflow container


	Model Number

[image: image118.png]


none
	Important Criteria / number needed

“UV Safe Water” and same in Vietnamese



	Cost
15,000 dong


	Where to buy / Business Name / Address / GPS coordinates

Thanh Cong Design

21-37 Ngo Quyen

Hue (054) 847978
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	Comments
 Add operations instructions / reduce logo size as needed



	Part Number

15
	Part Name

Water Quality Test Supplies


	Description

Water Quality test supplies


	Model Number

Hach Company

Pathoscreen Field Test Kit 28591-00

Medium pillows only 26107-96
	Important Criteria / number needed

Each kit contains media for 100 tests


	Cost

From Hach in US - $ 0.30 USD per test

From Hach distributor in Vietnam -- $ 0.?? per test 

	Where to buy / Business Name / Address / GPS coordinates

Special order from HCMC – Hach Distributor
Cong ty Co Phan Thiet Bi Thi Viet
2-4 Thach Thi Thanh , Quan 1 TP HCMC
Phone 08 8209326 Fax 08 8209319 Mobile 0903 940887  email dinhhien@thiviet.com
Or order from US website www.hach.com
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	Comments




	Part Number

16
	Part Name

Label


	Description

Label  for side of inflow container


	Model Number
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none
	Important Criteria / number needed

“UV Safe Water” and same in Vietnamese



	Cost
15,000 dong


	Where to buy / Business Name / Address / GPS coordinates

Thanh Cong Design

21-37 Ngo Quyen

Hue (054) 847978
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	Comments
 Add operations instructions / reduce logo size as needed



	Part Number

17
	Part Name

System Stand


	Description

System stand made of PVC pipe and fittings


	Model Number

Custom built
	Important Criteria / number needed

21 mm OD PVC pipe – 7 meters

T’s to fit PVC pipe – qty – 20

Elbows to fit PVC pipe – qty – 16

Container of PVC cement 

	Cost

122,000 dong


	Where to buy / Business Name / Address / GPS coordinates

Phuc Hung

137 Huynh Thuc Khang
(54) 512-137
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	Comments

In USA, this type PVC pipe is referred to as “Sch 40”




	Part Number

18
	Part Name

Diffuser Plate


	Description

Plate in top of sand filter to minimize disturbing sand when water is added to the container.


	Model Number
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custom made
	Important Criteria / number needed

About 25 cm in diameter

Flexible plastic -- can not float in water

About 30 or 40 holes of diameter 2-3 mm



	Cost

minimal

	Where to buy / Business Name / Address / GPS coordinates
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	Comments

 This piece can be made from a variety of materials – be creative


	Part Number

19
	Part Name

UV Warning Label


	Description

Warning label describing eye and skin dangers from exposure to ultraviolet radiation.


	Model Number
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custom made
	Important Criteria / number needed

Text in local language


	Cost


	Where to buy / Business Name / Address / GPS coordinates
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	Comments

 Black letters on yellow background


	Part Number

20
	Part Name

Sheet Metal Screws


	Description

Sheet metal screws


	Model Number
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none
	Important Criteria / number needed

# 10 or 12, length 25-30 mm – qty - 3
# 10 or 12, length 10 mm – qty - 2



	Cost

minimal

	Where to buy / Business Name / Address / GPS coordinates

various
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	Comments

Longer screws for leveling UV unit
Shorter screws for UV unit shield


	Part Number

21
	Part Name

Tubing

	Description

Clear plastic tube, diameter 3 to 4 cm, length 70 cm



	Model Number
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none
	Important Criteria / number needed

Qty – 1 per system builder
Used for Turbidity Tube



	Cost

$ 1.50 US


	Where to buy / Business Name / Address / GPS coordinates

Clear Polycarbonate Tube Lamp Guard, Lithonia Lighting, Conyers, GA 30012 http://www.lithonia.com/sitetools/contact.asp

	Comments
[image: image131.jpg]



Glass tubing could be a safety hazard
Substitute material OK

Divide into three sections for easy transport; use PVC joints to reconnect


	Part Number

22
	Part Name

PVC End Cap

	Description

End cap for Part 21, diameter must be correct to make a water tight seal



	Model Number
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none
	Important Criteria / number needed

Qty – 1 per system builder

	Cost

$1 US

	Where to buy / Business Name / Address / GPS coordinates

Any hardware store in US
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	Comments

See Chap 16 for use


	Part Number

23
	Part Name

Spigot


	Description

Safe water storage container spigot


	Model Number
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none
	Important Criteria / number needed

Quantity – 1


	Cost

20,000 dong (2006)

	Where to buy / Business Name / Address / GPS coordinates

Dung Huong
93 Huynh Thuc Khang St, Hue
N 16( 28.569  E 107( 35.211

	Comments
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	Part Number

24
	Part Name

Bleach

	Description

Bleach, liquid


	Model Number
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none
	Important Criteria / number needed

0.5 liters
Should be “fresh”; not old



	Cost

10,000 dong

	Where to buy / Business Name / Address / GPS coordinates

Local market


	
	Comments

 


	Part Number

25
	Part Name

Silicone Sealant


	Description

Silicone Sealant, waterproof



	Model Number
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none
	Important Criteria / number needed



	Cost

20,000 dong


	Where to buy / Business Name / Address / GPS coordinates
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	Comments

 


	Part Number

26
	Part Name

Hand Sanitizer and Alcohol Sanitizing Swab


	Description

· Container of Hand Sanitizer

· Alcohol Sanitizing Swabs


	Model Number
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varies
	Important Criteria / number needed
Contains 65-70% alcohol


	Cost
   varies


	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

 


	Part Number

27
	Part Name

Electrical Tape and Wire Nuts


	Description

Electrical tape and wire nuts


	Model Number
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none
	Important Criteria / number needed

Wire nuts must be correct size for electrical wire used



	Cost


	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

 


	Part Number

28
	Part Name

Rubber Grommet


	Description

Rubber grommet


	Model Number
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none
	Important Criteria / number needed

Size must fit size of wire used

Qty - 2



	Cost


	Where to buy / Business Name / Address / GPS coordinates

Local market



	Photo
	Comments




Appendix C:

Tool Inventory
	Tool

Number

1
	Tool Name
Electric Drill
	Description

Electric drill

	Model Number
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	Important Criteria / number needed

220 volts


	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments




	Tool

Number

2
	Tool Name
Digital Ultraviolet Radiometer

	Description

Radiometer measuring UV energy in the 254 nanometer range

	Model Number

Solarmeter 8.0

	Important Criteria / number needed

One

	Cost
$199 US

	Where to buy / Business Name / Address / GPS coordinates

Solartech Inc.

26101 Harbour Pointe Dr N.

Harrison Twp, MI 48045  USA

US (800) 798-3311

http://www.solarmeter.com/index.html
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	Comments

This model’s UV irradiance measurement maximum is 2,000 µW/cm2


	Tool

Number

3
	Tool Name
Lighter
	Description

Lighter

	Model Number

[image: image147.png]



	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local Market
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	Comments
Used to heat tubing



	Tool

Number

4
	Tool Name
Level
	Description

Small level

	Model Number
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	Important Criteria / number needed

15-20 cm in length


	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local Market
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	Comments




	Tool

Number

5
	Tool Name
PVC Cutter
	Description

PVC Cutter

	Model Number

[image: image151.png]



	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

If not available, various types of saws can be used


	Tool

Number

6
	Tool Name
Tape Measure
	Description

Tape measure

	Model Number
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	Important Criteria / number needed

Markings in centimeters


	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

Optional – markings in inches


	Tool

Number

7
	Tool Name
Screw Driver
	Description

Screw driver

	Model Number
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	Important Criteria / number needed

Text


	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

Regular or Phillips head depending on type of screws used


	Tool

Number

8
	Tool Name
Hack Saw
	Description

Hack saw

	Model Number
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	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market


	[image: image158.jpg]




	Comments

Used to cut filter pipe


	Tool

Number

9
	Tool Name
Drill Bits
	Description

Drill bits

	Model Number
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	Important Criteria / number needed

22 mm (7/8 inch) Bi-metal hole drill for drilling sheet metal

3 mm (1/8 inch)

3.5 mm (9/64 inch) drill bit for flow restrictor hole 

Spade bit, 19 mm (3/4 inch)

Spade bit, 15 mm (5/8 inch)



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments




	Tool

Number

10
	Tool Name
Knife
	Description

Knife

	Model Number
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	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

Used to cut tubing


	Tool

Number

11
	Tool Name
18 Sieve Screen
	Description

Number 18 sieve screen

	Model Number
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	Important Criteria / number needed

Mesh count – 8 threads per cm / 18 threads per inch


	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market


	picture
	Comments

Used to sift sand for filter

Window screen is approximately the correct size

Sand particles too large to pass through this sieve should be discarded



	Tool

Number

12
	Tool Name
45 Sieve Screen
	Description

Number 45 sieve screen

	Model Number
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	Important Criteria / number needed

Mesh count – 20 threads per cm / 45 threads per inch 



	Cost

	Where to buy / Business Name / Address / GPS coordinates



	picture
	Comments

Used to sift sand for filter

Mosquito netting is approximately the correct size

Sand particles small enough to pass through this sieve should be discarded



MEDRIX Ultraviolet Water Treatment System

	Tool

Number

13
	Tool Name
?? Sieve Screen
	Description

Number ?? sieve screen for sizing pea gravel

	Model Number
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	Important Criteria / number needed

Text


	Cost

	Where to buy / Business Name / Address / GPS coordinates



	picture
	Comments

This item may be deleted



	Tool

Number

14
	Tool Name
Respirator Mask
	Description

Respirator mask to prevent inhaling dust during screening of sand


	Model Number

[image: image166.png]



	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

Used when sifting sand for filter


	Tool

Number

15
	Tool Name
Pop riveter
	Description

Pop riveter

	Model Number
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	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local Market
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	Comments




	Tool

Number

16
	Tool Name
Soldering iron
	Description

Soldering iron

	Model Number
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	Important Criteria / number needed

220 volts


	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

Also need solder



	Tool

Number

17
	Tool Name
Turbidity tube
	Description

Turbidity tube

	Model Number
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	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

This item is constructed by the user. See Chapter 16 for instructions 
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	Comments




	Tool

Number

18
	Tool Name
Black Marker Pen
	Description

Black marker pen, waterproof

	Model Number

[image: image174.png]



	Important Criteria / number needed

 

	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market


	[image: image175.png]LUTOSENRC eom





	Comments




	Tool
Number
19
	Tool Name
Iron Test
	Description

Iron Test Strip and Test Index Card

	Model Number
480125 ITS
	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Industrial Test Systems

(01) 800-861-9712

www.sensafe.com
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	Comments




	Tool

Number 20
	Tool Name
Watch
	Description

Watch with second hand

	Model Number


	Important Criteria / number needed



	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

This part is used to measure water output flow rates


	Tool

Number 21
	Tool Name
Measuring Container

	Description

One liter measuring container

	Model Number
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	Important Criteria / number needed

Markings in liters


	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments

This part is used to measure water output flow rates


	Tool

Number 22
	Tool Name
Quartz Disc
	Description

Quartz disc, ground and polished for measuring UV irradiance


	Model Number

Item # 1X0.062
	Important Criteria / number needed

1 inch diameter by 1/16 inch thickness


	Cost
$4.70 US plus shipping


	Where to buy / Business Name / Address / GPS coordinates

TECHNICAL GLASS PRODUCTS, INC.
Sales and Engineering Facility
881 Callendar Blvd.
Painesville Twp., OH  44077
PHONE 440.639.6399 FAX 440.639.1292
email: tgp@tgpohio.com
http://www.technicalglass.com/
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	Comments

This part is used to construct one UV reactor for use in testing described in Chapters 4 and 18


	Tool

Number

23
	Tool Name
Boiling Water Device

	Description

Kettle for boiling water, electric, light weight

	Model Number
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	Important Criteria / number needed

Text


	Cost

	Where to buy / Business Name / Address / GPS coordinates

Local Market
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	Comments

Text


	Tool

Number

24
	Tool Name
Glove
	Description

Glove

	Model Number
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none
	Important Criteria / number needed

Must not transmit UV energy (use radiometer to check)


	Cost
Varies
	Where to buy / Business Name / Address / GPS coordinates

Local market
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	Comments




Appendix D:
The Science of Ultraviolet Energy and Water Treatment
This appendix contains some technical descriptions of how ultraviolet energy works for the purpose of water treatment. 
Definitions
Understanding the effects of UV-C energy on microorganisms requires a certain vocabulary, and the words used have specific definitions. The following are key concepts integral to understanding UV radiation and water treatment.

Residence Time  Residence time is the specific length of time during which an microorganism is exposed to UV-C radiation while passing through the UV chamber. Residence time varies depending on the specific path the organism follows through the chamber. 

Dosage  The dosage is a function of the amount of UV-C energy emitted (expressed in power or microwatts) over a specific area (expressed in square centimeters) delivered for a given residence time (expressed in seconds).  The effectiveness of a UV disinfection system depends on the dosage of UV radiation delivered to the water.
Formula 1:  UV Dosage (microwatt-sec/cm2) = (Power (µW) / Area (cm2)) x Time (sec)
Appendix G summarizes the different dosages of UV energy needed to inactivate various microorganisms. Because it is difficult to identify every microorganism present in a water source, it is also difficult to specify a minimum UV dosage requirement that will satisfy all situations. As mentioned in Chapter 4, 30,000 µW-sec/cm2 is the widely accepted international guideline for UV disinfection of water.  MEDRIX has adopted this guideline as the minimum dosage requirement for operation of a MEDRIX UV Water System unless the country where this system is used has a higher guideline.

Irradiance  The “power per unit area” term from Formula 1 is also called “irradiance.” UV irradiance at a specific point is a function of:

· the UV power and efficiency of the lamp

· the UV absorbing and reflecting properties of the air and water between a given point and the lamp. 

· any UV energy reflected from surfaces of the chamber
UV irradiance can be determined using a radiometer designed to measure UV energy in the 254 nm (UV-C) range. Tool #2 in Appendix C is an example of this type of radiometer.
Transmittance and Absorbance Dissolved substances in the water—especially iron, organic carbon and nitrates—can absorb UV energy as explained in Chapters 2 and 3. Transmittance is a measure of how much UV energy passes through a water sample, while absorbance quantifies the amount of UV energy unable to pass through. Absorption and transmissivity are inversely related; the higher UV absorption, the lower the transmissivity. This is important because high absorbance (low transmissivity) reduces the potential for UV irradiance to inactivate microorganisms at all depths in the water. 
Turbidity also plays a role in the transmittance of UV energy. Particles in water causing turbidity can block or reflect UV radiation, effectively shielding microorganisms and preventing the microorganisms from receiving full exposure to the UV irradiation. However, until turbidity exceeds 5 NTUs, as explained in Chapters 2 and 3, this effect is usually insignificant. 
Measuring Dosage in a UV Reactor

A radiometer measures UV irradiance at a specific point. Since, it can only measure irradiance coming from a narrow acceptance angle (i.e. from a specific direction) and not from 360 degrees, it is difficult to estimate the total UV dosage provided in a particular disinfection chamber. With this limitation in mind, we will approximate the UV dosage for a given system configuration based on several key assumptions.

ASSUMPTION 1 – The UV radiation chamber can be characterized using a mean dosage computed from the UV irradiance at approximately mid-level in the water. This assumption accounts for UV energy absorption in the water sample.

Formula 2:
Irradiancemid-level = (Irradiancetop of water + Irradiancebottom of water) / 2

Detail instructions for computing this mid-level irradiance value are located in Addendum 1 at the end of this appendix.

ASSUMPTION 2 – A “Disinfect Zone” can be identified in the treatment chamber where most of the effective UV treatment occurs. The volume of the irradiation “Disinfect Zone” (VDZ) is the cross-sectional area of the reactor chamber times the distance measured at the bottom of the reactor parallel to the lamp where UV irradiance exceeds 80% of maximum irradiance of the lamp.  
In the reactor design used in this handbook, the VDZ is 0.8 liters according to lab-measured UV irradiance values. 

ASSUMPTION 3 – The water flowing through the reactor is uniformly mixed during passage through the reactor. This implies that all microorganisms in the water will have the same residence time in the reactor and will receive the same overall UV dosage. 

Calculating UV Dosage
Approximate the UV dosage by multiplying the “mid-level” irradiance by the residence time of a microorganism in the “disinfect zone” of the radiation chamber. Residence time is a function of the water flow rate and the “disinfect zone” volume. 

Formula 3 is used to compute a UV dosage value given a specified water flow rate. 

Formula 3:

UV Dosage = Irradiancemid-level x VDZ (liters) x 60 sec/min / Flow Rate (l/min) 
Example Use Formulas 2 and 3 to calculate the UV dosage delivered at a flow rate of 2 liters per minute. Assume irradiance at the bottom of the reactor chamber filled with source water is measured at 900 µW / cm2. Assume irradiance at the top of the water is 2,000 µW / cm2 (see Addendum 1).

Irradiance mid-level

= 1450 µW / cm2
VDZ



= 0.8 liters

Flow Rate


= 2.0 liters per minute

UV Dosage = 1450 X 0.8 X 60 / 2 = 34,800 µW-sec/cm2
Calculating Maximum Flow Rate
Conversely, select a UV dosage value you wish to achieve and compute the maximum flow rate allowable for water passing through the reactor chamber.

Formula 4:
Flow Rate = (Irradiancemid-level x VDZ x 60 sec/min) / Dosage
Example  Use Formulas 2 and 4 to calculate the flow rate required to obtain a UV dosage of 30,000 µW-sec/cm2. 

Irradiancemid-level = 1450 µW/cm2
Max flow rate = 1450 µW/cm2 x 0.8 liters x 60 / 30,000 µW-sec/cm2 = 2.3 l/min
This result implies that effective UV water treatment, meeting the internationally recognized dosage guideline, is possible if the flow rate is restricted to no more than 2.3 liters per minute.

ADDENDUM 1: Estimating UV Irradiance Mid-Level in the Reactor Chamber 
Measuring Irradiancebottom of water

To measure UV irradiance through the water at the bottom of the reactor chamber, you must construct a test chamber following the instructions in Chapter 18, Testing Water Samples for UV Transmissivity.
Using the test chamber and a radiometer, measure UV irradiance through the water at the bottom of the reactor chamber. A typical irradiance measurement through the quartz window for good quality water is about 900 µW/cm2.

Figure 3: Reactor chamber modified to measure UV transmissivity
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Measuring Irradiancetop of water
Reading the UV irradiance at the top of the water is  an awkward measurement to make because it requires reading the radiometer deep inside the UV system. We will make this difficult reading once and then, for the future, devise a simpler method to reliably compute the UV irradiance at the top of the water.
Make a one-time measurement of UV irradiance at the position where the top of the water would be. This operation must be performed with great care and only needs to done once. With the UV lamp “off”, calculate the distance between the lamp and the top of the outlet baffle in the lower chamber. You will need to be creative, make several measurements and perform some additions and subtractions to determine the correct distance the water is from the UV lamp when the system is operating. 

Next, remove the chamber cover, plug in the UV lamp and allow the lamp to warm up for 2 minutes. While protecting your skin and eyes from UV exposure, positioning the radiometer inside the chamber cover at the distance from the lamp that you calculated where the top of the water would be. Read the UV irradiance value measured by the radiometer. 

The actual UV irradiance measured at the surface of the water in the “disinfect zone” for the UV G8T5 lamp used in our test system exceeded 2,000 µW/cm2. 

Replace the chamber cover and take another reading of UV irradiance through the quartz window in the bottom of the chamber with no water present. For example, our measurements were:

Irradiancetop of water

2,000 µW/cm2
Irradiancebottom with no water 
1,160 µW/cm2

Difference

   840 µW/cm2
In the future, the UV Irradiancetop of water can now be accurately estimated by measuring the irradiance through the quartz window at the bottom of the reactor with no water present and then adding 840 µW/cm2 to that measured value.

Make these measurements in your UV system to determine the “difference value” for your configuration.

Appendix E:
Glossary of Terms
Absorption - the transformation of UV light to other forms of energy as it passes through a substance.

Flow Rate - The volume of fluid flowing past a given cross sectional area per second. A common measurement unit is liters per minute.
Irradiance – The rate at which UV energy strikes a unit area (e.g., 1 cm2) in the water and described in terms of UV power per unit area, e.g., microwatts per square centimeter (μW / cm2) 

Log Reduction - A 3-log reduction means a reduction in the number of microorganisms by 99.9%. For example, if water contained 1000 microorganisms, a 3-log reduction would reduce the number of microorganisms to 1.
Media Pillow - The plastic container holding the nutrient material that promotes growth of bacteria 

Reactor - The chamber containing water being irradiated with UV energy. 

NTU – Nephelometric Turbidity Unit  - a commonly-used unit of measurement for turbidity

Source Water – water taken directly from its source (e.g., stream, well, tank, etc.) before any treatment has been applied

Turbidity - cloudiness or haziness of water caused by individual particles too small to be seen without magnification

UV Dosage -: The energy is quantified to a dose by multiplying the UV Irradiance by the actual exposure time: Dose (μW sec/ cm2) = UV Irradiance (μW/ cm2) x Time (seconds)

UV Transmittance (UVT) - The ability of water to allow UV light to pass through. Transmittance of a water sample is measured as the percentage (%T) of transmitted light (I) to light striking the surface (I0) through a defined path length (L). Many naturally occurring organic and inorganic constituents (e.g., natural organic matter, iron, and nitrate) will absorb energy in the UV wavelengths, thus reducing the transmittance of the water. This reduced transmittance often interferes with the disinfection efficiency of a UV treatment system.
Appendix F:

Users Handbook

The Users Handbook is a three-ring binder containing copies of the following items:

· Chapter 13 – Daily Operation

· Chapter 15 – Testing the quality of water for microbiological contamination
· Chapter 19 – Reporting Water Quality Test Results

· Chapter 20 – Reporting Problems

· Form 3 – Water Quality Test Results Log

· Form 5 – System History Log

Appendix G:

UV Dosage Requirements

UV dosage units are µW-sec/cm2
Dosage requirements for 3 log microbe inactivation
	Bacteria 
	UV Dose
	Bacteria 
	UV Dose

	Agrobacterium lumefaciens 5
	8,500
	Pseudomonas aeruginosa (Environ.Strain) 1,2,3,4,5,9
	10,500

	Bacillus anthracis 1,4,5,7,9 (anthrax veg.)
	8,700
	Pseudomonas aeruginosa (Lab. Strain) 5,7
	3,900

	Bacillus anthracis Spores (anthrax spores)*
	46,200
	Pseudomonas fluorescens 4,9
	6,600

	Bacillus megatherium Sp. (veg) 4,5,9
	2,500
	Rhodospirillum rubrum 5
	6,200

	Bacillus megatherium Sp. (spores) 4,9
	5,200
	Salmonella enteritidis 3,4,5,9
	7,600

	Bacillus paratyphosus 4,9
	6,100
	Salmonella paratyphi (Enteric Fever) 5,7
	6,100

	Bacillus subtilis 3,4,5,6,9
	11,000
	Salmonella Species 4,7,9
	15,200

	Bacillus subtilis Spores 2,3,4,6,9
	22,000
	Salmonella typhimurium 4,5,9
	15,200

	Clostridium tetani
	23,100
	Salmonella typhi (Typhoid Fever) 7
	7,000

	Clostridium botulinum
	11,200
	Salmonella
	10,500

	Corynebacterium diphtheriae 1,4,5,7,8,9 
	6,500
	Sarcina lutea 1,4,5,6,9 
	26,400 

	Dysentery bacilli 3,4,7,9 
	4,200
	Serratia marcescens 1,4,6,9 
	6,160 

	Eberthella typhosa 1,4,9 
	4,100
	Shigella dysenteriae - Dysentery 1,5,7,9 
	4,200

	Escherichia coli 1,2,3,4,9 
	6,600
	Shigella flexneri - Dysentery 5,7 
	3,400

	Legionella bozemanii 5 
	3,500
	Shigella paradysenteriae 4,9 
	3,400

	Legionella dumoffill 5 
	5,500
	Shigella sonnei 5 
	7,000 

	Legionella gormanil 5 
	4,900
	Spirillum rubrum 1,4,6,9 
	6,160 

	Legionella micdadei 5 
	3,100
	Staphylococcus albus 1,6,9 
	5,720 

	Legionella longbeachae 5 
	2,900
	Staphylococcus aureus 3,4,6,9 
	6,600 

	Legionella pneumophila (Legionnaire's Disease)
	12,300
	Staphylococcus epidermidis 5,7 
	5,800

	Leptospira canicola-Infectious Jaundice 1,9 
	6,000
	Streptococcus faecaila 5,7,8 
	10,000 

	Leptospira interrogans 1,5,9 
	6,000
	Streptococcus hemolyticus 1,3,4,5,6,9 
	5,500 

	Micrococcus candidus 4,9 
	12,300
	Streptococcus lactis 1,3,4,5,6 
	8,800 

	Micrococcus sphaeroides 1,4,6,9 
	15,400
	Streptococcus pyrogenes
	4,200

	Mycobacterium tuberculosis 1,3,4,5,7,8,9 
	10,000
	Streptococcus salivarius
	4,200 

	Neisseria catarrhalis 1,4,5,9 
	8,500
	Streptococcus viridans 3,4,5,9 
	3,800 

	Phytomonas tumefaciens 1,4,9 
	8,500
	Vibrio comma (Cholera) 3,7 
	6,500 

	Proteus vulgaris 1,4,5,9 
	6,600
	Vibrio cholerae 1,5,8,9 
	6,500 

	Molds
	UV Dose 
	Molds
	UV Dose

	Aspergillus amstelodami
	77,000
	Oospora lactis 1,3,4,6,9 
	11,000 

	Aspergillus flavus 1,4,5,6,9 
	99,000 
	Penicillium chrysogenum
	56,000 

	Aspergillus glaucus 4,5,6,9 
	88,000 
	Penicillium digitatum 4,5,6,9 
	88,000 

	Aspergillus niger (breed mold) 2,3,4,5,6,9 
	330,000
	Penicillium expansum 1,4,5,6,9 
	22,000 

	Mucor mucedo
	77,000
	Penicillium roqueforti 1,2,3,4,5,6 
	26,400

	Mucor racemosus (A & B) 1,3,4,6,9 
	35,200
	Rhizopus nigricans (cheese mold) 3,4,5,6,9 
	220,000

	Protozoa
	UV Dose 
	Protozoa
	UV Dose 

	Chlorella vulgaris (algae) 1,2,3,4,5,9 
	22,000 
	Giardia lamblia (cysts) 3 
	100,000 

	Blue-green Algae 
	420,000 
	Nematode Eggs 6 
	40,000 

	E. hystolytica
	84,000 
	Paramecium 1,2,3,4,5,6,9 
	200,000 

	Virus
	UV Dose 
	Virus 
	UV Dose

	Adeno Virus Type III 3 
	4,500 
	Influenza 1,2,3,4,5,7,9 
	6,600 

	Bacteriophage 1,3,4,5,6,9 
	6,600 
	Rotavirus 5 
	24,000 

	Coxsackie 
	6,300 
	Tobacco Mosaic 2,4,5,6,9 
	440,000 

	Infectious Hepatitis 1,5,7,9
	8,000
	0
	0

	Yeasts
	UV Dose 
	Yeasts
	UV Dose 

	Baker's Yeast 1,3,4,5,6,7,9 
	8,800
	Saccharomyces cerevisiae 4,6,9 
	13,200 

	Brewer's Yeast 1,2,3,4,5,6,9 
	6,600
	Saccharomyces ellipsoideus 4,5,6,9 
	13,200

	Common Yeast Cake 1,4,5,6,9 
	13,200
	Saccharomyces sp. 2,3,4,5,6,9
	17,600 

	THE INFORMATION CONTAINED IN THIS PUBLICATION IS BASED UPON DATA COLLECTED BY THE ATLANTIC ULTRAVIOLET CORPORATION AND IS BELIEVED TO BE CORRECT. HOWEVER, NO GUARANTEE OR WARRANTY OF ANY KIND, EXPRESSED OR IMPLIED, IS MADE WITH RESPECT TO THE INFORMATION CONTAINED HEREIN. INFORMATION IS SUBJECT TO CHANGE WITHOUT NOTICE.
Used by permission of Atlantic Ultraviolet Corporation granted July 26, 2006


	1. "The Use of Ultraviolet Light for Microbial Control", Ultrapure Water, April 1989.
2. William V. Collentro, "Treatment of Water with Ultraviolet Light - Part I", Ultrapure Water, July/August 1986.
3. James E. Cruver, Ph.D., "Spotlight on Ultraviolet Disinfection", Water Technology, June 1984.
4. Dr. Robert W. Legan, "Alternative Disinfection Methods-A Comparison of UV and Ozone", Industrial Water Engineering, Mar/Apr 1982. 
5. Unknown 
6. Rudolph Nagy, Research Report BL-R-6-1059-3023-1, Westinghouse Electric Corporation.
7. Myron Lupal, "UV Offers Reliable Disinfection", Water Conditioning & Purification, November 1993.
8. John Treij, “Ultraviolet Technology”, Water Conditioning & Purification, December 1995.

9. Bak Srikanth, “The Basic Benefits of Ultraviolet Technology”, Water Conditioning & Purification, December 1995
* Approximate - Various sources may report different inactivation dosages.


Dosage requirements for Cryptosporidium, Giardia lamblia, and virus 3 log inactivation

(Extracted from LT2ESWTR [See 71 FR 783, Federal Register of 5 Jan 2006]) 
	Log credit 
	Cryptosporidium UV dose (µW-sec/cm2)
	Giardia lamblia UV dose (µW-sec/cm2)
	Virus UV dose (µW-sec/cm2)

	3.0
	12,000
	11,000
	143,000


[image: image186.emf] 

4 1.5  cm    

[image: image187.emf] 

9  


�





Germicidal UV Lamp, 8 watts





Approx 1 liter of water


Flow rate 1 to 3 liters / min
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Quartz window





UV Irradiance at Mid-Level
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