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Abstract

The lack of sanitation and safe water is currently the world's largest cause of illness. Filtration devices can reduce or remove disease causing organisms from the water supply and reduce disease in poor regions of the world, such as Vietnam, used as a field example in this study. One such device is the personal water purification tool, the LifeStraw®. The goal of this project was to test if this product significantly reduces potential disease‐causing organisms as it claims to do, as well as, compare its performance to that of the EPA‐regulated filter, the Katadyn®. Results showed that although the LifeStraw® does reduce bacterial counts, it plugs easily and is not as effective as the Katadyn®.
Introduction

Being Asian and raised in America is not easy. Aside from trying to overcome stereotypes and language barriers, an Asian-American must try to keep their culture and values in a society commonly referred to as “The Melting Pot”. Due to the lack of awareness of where my parents came from, two years ago they decided that I was old enough to travel to Vietnam, the country my parents escaped from, for the first time. They wanted me to visit the place where they grew up and appreciate all of the opportunities that I have been given. Upon arriving, I expected Vietnam to be as different from America as night and day. What I did not expect was how drastic this difference was. Although their economy is rapidly growing, it was evident that Vietnam remains the type of country where the rich are getting richer while the poor are getting poorer. 

Most of the citizens of this country have no access to automobiles and travel on bikes or by boat. One of the boat rides that we took brought us down the river, Binh Quoi. While traveling on this river, I was shocked to see the terrible condition it was in. Not only was this appalling, but I learned that because there are so many people who can not afford land, they are forced to move along the water. I saw homes that stood on flimsy sticks of wood or bamboo which had no means to withstand a heavy storm. My father told me that when he was a child, he and his family would just wait for the storm to end and then go out and collect whatever they were capable of retrieving. Another alarming fact was that these people do everything in that one body of water outside their home which include collecting their drinking supply, doing their laundry, emptying their wastes, etc. This experience in Vietnam was forever engrained in my mind. 
Back at James Madison University, I took the course, Biotechnology in the New Millennium I. In one of the lectures, my professor, Dr. Chris Bachmann mentioned a fairly new invention, the LifeStraw®, which is a portable water purification tool that claims to clean surface water and make it safe for human consumption. It requires no electrical power or spare parts, filters up to 700 liters of water, and effectively removes most of the micro organisms responsible for causing waterborne diseases. The LifeStraw® kills disease causing micro organisms which spread dysentery, typhoid, and cholera. Learning of this led me to think of how many people could really benefit from such an ingenious device (LifeStraw). Although, despite the rave reviews and numerous awards given to this product, I did question their claims and if they were indeed true.
[image: image32.jpg]



Exhibit 1. A picture of the LifeStraw®.

Just like the cost of a barrel of oil, water is currently, and will remain a huge issue. According to the United Nations Human Development Report, the lack of sanitation and safe water is currently the world’s largest cause of illness. Millions of women and children spend several hours a day collecting water from distant, often polluted sources, and every fifteen seconds, a child dies from a water-related disease (United Nations). Actions must be taken to reduce these devastating statistics.
Literature Review

There is a wide array of programs, products, kits, and innovations in regards to water purification such as the LifeStraw®, but I will first give some background information as to what this product is. It is a portable water purification tool, just 25 cm long and 29 mm in diameter that cleanses surface water and makes it safe for human consumption at any age. The LifeStraw® requires no electrical power or spare parts and is able to filter up to 700 liters of water, effectively removing most of the micro organisms responsible for causing waterborne diseases such as dysentery, typhoid, and cholera. This instrument also contains a specially developed halogen-based resin, an extraordinarily effective material that kills bacteria on contact. Textile pre-filters are used in the LifeStraw® to remove particles up to 15 microns, and active carbon withholds particles such as parasites. Lastly, its life expectancy is one year from the start of usage (calculation based on the consumption of 2 liters of water per day) or 700 liters (LifeStraw).
Another water filtration device is the Katadyn®. It is a filter composed of a virustat cartridge containing pentaiodide iodine, a plastic membrane, and activated carbon granulate. It claims to eliminate bacteria, protozoa, viruses, and improve the taste of the water that is filtered by it. Unlike the LifeStraw®, it can only filter up to 100 liters of water, but replacement cartridges may be purchased (Katadyn).

[image: image2]
Exhibit 2. A picture of the Katadyn®.

	Table 1. Characteristics and Properties of the LifeStraw® and Katadyn®

	Specifications
	LifeStraw®
	Katadyn®

	Technology
	High impact polystyrene
	Virustat cartridge with pentaiodide (I5) iodine

	 
	Specially developed halogen-based resin (PDR)
	Plastic membrane

	 
	Granular activated carbon (GAC)
	Activated carbon granulate

	Efficacy
	Effective against waterborne bacteria
	Eliminates bacteria, protozoa, viruses and improves taste

	Capacity
	700 Liters
	100 Liters

	Filters
	3-stage particle filtration
	3-phase water filter

	Size
	25 cm long, 2.9 cm in diameter
	 0.6 Liters

	Weight
	0.095 kg
	0.22 kg

	Cost
	$2.00 
	$44.95 

	Cost/Liter
	$0.003 
	$0.45 


Aside from LifeStraw® and Katadyn® filters, there is yet another highly praised invention – the Lifesaver® bottle. It claims to be the world’s first all in one ultra filtration bottle that can remove bacteria, viruses, parasites, fungi, and all other microbiological pathogens without using chemicals like iodine or chlorine. One unbelievable feature is a unique FAILSAFE technology that shuts off the bottle’s cartridge upon expiration which prevents contaminated water from being consumed. It can also distill 4,000 to 6,000 liters of water without changing any filters (Lifesaver Systems).
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Exhibit 3. A picture of the Lifesaver® bottle.

One project that was similar to one such as my senior thesis was conducted by the Associated Colleges of the South (ACS) regarded appropriate water purification technology and sanitation promotion for rural communities in the Dominican Republic. Their goal was to introduce a simple family-based water purification system to improve the health of the residents of rural communities by providing them with a sustainable source of portable water and sanitation education, then measure the impact of the presence of the filters on the health of the villagers, and test the long-term performance of the filters. They also wanted to provide students interested in water, health, and sanitation issues with an opportunity to work in an important research project in a safe environment (Donatelli).
Currently, they have distributed about 1700 filter units in 36 communities. They are also making progress toward being able to assemble the filters using buckets and components that are obtained from a local market.  Given the growing demand, it is important to reduce the dependence on imported items (Donatelli).
Another project is the Bangladesh Water Purification Project which was designed to bring clean, affordable drinking water to villages and homes in Bangladesh. Their objective was to find an effective and inexpensive means of removing naturally occurring arsenic – as well as, other harmful substances, such as bacteria, viruses, and lead – from the drinking water throughout Bangladesh (Grates).
After much research, a correlation between Vietnam and Bangladesh was found. Around the 18th century the most honored hero in Vietnam history, Emperor Quang Trung, led the swift attack to free the capitol of Vietnam, Thang Long from Chinese forces which prevented Vietnam from falling to Chinese domination. Afterwards, Emperor Quang Trung immediately looked for the Chinese Emperor Qing-Long for his permission to marry his daughter, the Princess. This union resulted in a peace treaty that ended suffering and conflict between the two countries. Unfortunately, Emperor Quang Trung died four years later from food poisoning of which many believed to be arsenic, a bioaccumulative and toxic (PBT) substance. Currently, in the 21st century, the residents of Vietnam are still facing issues regarding arsenic (Long).
The colorless and tasteless substance, arsenic, has been found in the groundwater of many countries, but the worst and most recent case has been in West Bengal, India, and Bangladesh where 65 million people have been diagnosed with arsenicosis. Along with the Bangladesh Water Purification project, UNICEF has funded three million wells in the region to protect its people from water-related diseases such as typhoid and cholera, but did not anticipate the growing population afflicted with arsenicosis (Long)
Arsenicosis as a result of drinking water was first discovered by Dr. K.C. Saha in 1982, but was not made public until a decade later. He almost lost his job as a result of his discoveries, which may be the reason why no one has yet to come forth with their test data regarding arsenic in the Mekong Delta in Vietnam. In the last sixteen years, UNICEF has promoted the use of groundwater in Vietnam. It is known that they take approximately 400 samples from wells located near the Mekong Delta for analysis annually, but refuse to provide the public, as well as, the Mekong Forum with any water quality data (Long).
It is almost certain that arsenic is an issue in Vietnam. The Mekong Delta originates from the Himalayas of the Tibetan plateau and its deltaic sediments are likely to be of similar characteristics. The arsenic problem in Bangladesh was reportedly associated with their younger deltaic aquifers. Also, the burial of sediments, rich in organic matter leads to strongly reduced conditions resulting in greater arsenic concentrations which the Mekong Delta can relate to. Another fact is that it runs through the Yunnan province of China and picks up sediments and runoff from the weathering of rocks from the Yunnan highland which is known for its large deposit of copper, gold, lead, manganese, zinc, silver, and lignite (Long).
Along with Vietnam’s growing economy and search for more water, deeper wells are being drilled to satisfy the demand. The production from the Mekong Delta has made Vietnam the second largest rice exporter in the world. The impact of arsenic in Vietnamese agricultural products is unknown, but fortunately, the people traditionally treat their water with alum, borax, or lime before using it to clean and cook their foods (Grates).
Currently, there are no laboratories in Vietnam that can analyze arsenic at parts per million levels nor the parts per billion levels at which the substance should be measured for health risk assessment. The lack of standard solutions, research funding, and training also pose an issue, but one thing is certain – it is an issue (Long).
Regarding the Northwest region of Vietnam, water quality is not so much an issue although water quality data is limited. Data that is available show that organic content is low and that dissolved oxygen levels are acceptable and fall well within the national standards (WEPA).
	Table 2. Da River Water Quality, Lao Cai Province

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	X
	 
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	 
	X
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	 
	X
	 


	Table 3. Da River Water Quality, Hoa Binh Province

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	X
	 
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	 
	X
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	 
	X
	 


Unfortunately, in dense urban and industrial areas, the water quality does not meet the standard. COD and BOD5 exceed national standards (by 2.3 to 3.8 times respectively) in sections of the Red River around Viet Tri town. The capitol city of Hanoi and port city, Hai Phong are located in this region. The Cau river that runs through the Thai Nguyen industrial zone is heavily polluted with concentrations of NO2, NH4, and BOD5 that exceed standards by 10,2, and 5 times respectively. Total suspended solids (TSS) and H2S exceed the standards by 10 to 100 times. Groundwater quality is reported to be generally within the national standards aside from the coastal region where salinity causes many problems (WEPA).
	Table 4. Red River Water Quality, Lao Cai Province

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	X
	 
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	X
	 
	 


	Table 5. Cau River Water Quality, Bac Ninh Province

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	 
	X
	 

	BOD (mg/L)
	 
	X
	 

	NH4-N (mg/L)
	 
	X
	 

	DO(mg/L)
	 
	X
	 

	Coli (MPN/100 mL)
	 
	X
	 

	Overall
	 
	X
	 


The water quality in the Red River – Thai Binh is generally acceptable and meets the standards of industrial and domestic use. Unfortunately, since 1997, as many as seven oil spills have been reported in this region (WEPA).
	Table 6. Red River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	 
	X
	 

	BOD (mg/L)
	 
	X
	 

	NH4-N (mg/L)
	 
	X
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	 
	X
	 


	Table 7. Thai Binh River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	 
	X
	 

	NH4-N (mg/L)
	 
	X
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	 
	X
	 


	Table 8. Quality of Coastal Water

	 
	Phosphate (mg/L)
	Nitrate (mg/L)
	COD (mg/L)
	BOD (mg/L)
	Oil (mg/L)
	Coliforms (MNP)

	1996
	6.6
	192
	2.25
	1.07
	0.36
	928

	1997
	17.75
	30
	4.3
	1.3
	0.34
	804

	1998
	22.4
	n.a
	n.a
	n.a
	0.56
	866

	1999
	n.a.
	n.a
	n.a
	n.a
	>0.05
	>1000

	2000
	16
	<50
	n.a
	0.8
	2.4
	>1000

	2001
	>16.00
	>50
	n.a
	n.a
	1.12
	<1000

	National Standards
	10
	50
	30-40
	20-Oct
	0.05
	1000


The North Central Coastal region contains the major cities of Thanh Hoa, Vinh, Dong Ha, and Hue, which have moderate economic activity. The population is generally poor and the region is prone to typhoons, floods, and droughts. Yellow-red soils are found in the uplands and sandy soils are found at the coast. The land is not fertile and more than one third of it has medium susceptibility to deterioration and erosion. The groundwater has a complex chemical composition with varying contents of compounds and total dissolved solids. The general quality standards for consumption are adhered to, except in low land areas influenced by tides where salinity intrusion takes place. Also, increasing economic development in this region may cause further water quality problems in the coastal regions from urban and industrial wastewater discharges (WEPA).
	Table 9. Ca River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	 
	X
	 

	BOD (mg/L)
	 
	X
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	 
	X
	 


	Table 10. Huong River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	 
	X
	 

	BOD (mg/L)
	 
	X
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	 
	X
	 


The South Central Coastal region has industries in Da Nang and Quy Nhon which include fisheries, aquaculture, and intensive tourism in all provinces. Aquaculture is expanding rapidly in the region, especially in the Ninh Thuan province. It is characterized by high temperatures, heavy rainfall during the wet season, and a prolonged dry season. Yellow-red soils are dominant in the uplands and white sandy beaches are along the coastline. In mining areas, various heavy metals and other toxic substances constitute a problem. In the plains the quality of groundwater resources is good, but in estuaries, saltwater intrusion is a problem (WEPA).
	Table 11. Han River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	 
	X
	 

	BOD (mg/L)
	 
	X
	 

	NH4-N (mg/L)
	 
	X
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	 
	X
	 

	Overall
	 
	X
	 


	Table 12. Thu Bon River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	X
	 
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	X
	 
	 


The Central Highlands Region is the least densely populated region in Vietnam. The data for this region is scarce, but according to the MRC monitoring program, the river water quality is generally acceptable.
	Table 13. See San River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	 
	 
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	X
	 
	 


	Table 14.Thu Bon River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	 
	 
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	X
	 
	 

	Overall
	X
	 
	 


Northeast of Mekong is characterized by industrial development and high economic activity concentrated around HCMC, Binh Duong, Don Nai, and Vung Tau. Off-shore gas and oil industries are also on the rise here. The downstream end of the Dong Nai River is highly polluted. Oil spills from shipwrecks and oil leakages from marine transportation are major pollution problems. The Thi Vai River is likely to be a reservoir of industrial wastewater from Bien Hoa and Phu My industrial zones. Coliforms exceed standards from 50 to 100 times. Both nitrogen and phosphorus exceed the standards, as well. The Holocene groundwater aquifers have high pollution levels, mainly zones with high salinity in the seashore band, and the zone between the Mekong and Dong Nai Rivers. The deep aquifers are less contaminated and can be used directly for drinking water (WEPA).
	Table 15. Sai Gon River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	 
	X
	 

	BOD (mg/L)
	 
	X
	 

	NH4-N (mg/L)
	 
	 
	X

	DO(mg/L)
	 
	X
	 

	Coli (MPN/100 mL)
	 
	 
	X

	Overall
	 
	 
	X


	Table 16. Dong Nai River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	X
	 
	 

	NH4-N (mg/L)
	 
	X
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	 
	X
	 

	Overall
	 
	X
	 


Lastly, the Mekong River Delta region is one of the most densely populated coastal regions in the world. It is best known for its dense hydrological network and heavy waterway transport. Soils are mostly alluvial, but there are extensive areas of acid sulfate and saline soils. The water quality in the major rivers of the Mekong River Delta can be concluded to fall within standard classes A-B, according to the National Monitoring Program. In smaller tributaries, however, the water quality falls extremely below the standard (WEPA).
	Table 17. Mekong River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	 
	X
	 

	NH4-N (mg/L)
	X
	 
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	 
	X
	 

	Overall
	 
	X
	 


	Table 18. Thu Bon River Water Quality

	 
	Class A
	Class B
	Out-of-Range

	COD (mg/L)
	X
	 
	 

	BOD (mg/L)
	X
	 
	 

	NH4-N (mg/L)
	 
	X
	 

	DO(mg/L)
	X
	 
	 

	Coli (MPN/100 mL)
	 
	X
	 

	Overall
	 
	X
	 


There are obviously many cities in Vietnam, but lets focus on one for now – Ho Chi Minh City. Currently, the increase in population and rapid economic growth has put an increasing stress for water resources in this city. The demand from industries, businesses, and households surpass the current supply distribution capacities. Fortunately, authorities have initiated some joint venture works with foreign water companies to invest in the commercial development of water supply infrastructure (WEPA).
Ho Chi Minh City is the largest city in Vietnam. As of 1995, its population consisted of 5 million people. Public works (SCPW) and the Ho Chi Minh City Service of Communication stated in 1998 that the city’s decade-old water supply system is incapable of meeting the growing demand. The city is also located next to the Saigon River which joins the Dong Nai River to make northern and eastern boundaries to Ho Chi Minh. These waterways can act both as potential water supply resources and as a medium to carry away the wastewater (Duc).
Regarding pollution, there are many sources. The majority of industries are located in industrial zones surrounding Ho Chi Minh City. In addition to old industrial zones, new ones have been set up. The industrial zone in Bien Hoa (Dong Nai) is upstream from the city. There is concern about the wastewater discharge from the zone to the Dong Nai River and because it is near the Hoa An pumping station which supplies water to the residents of Ho Chi Minh (Duc).
In the Truong Tho, Thu Duc district, residents near the industrial zone have suffered from severe creek and groundwater pollution resulting from the discharge of a variety of sources. Farms have suffered from vegetable and livestock losses and fish are dying off in ponds (Duc).
According to a report from the Department of Science, Technology, and Environment (DOSTE), most of the 52 factories of various types existing in the city discharge wastewater with high pollutant concentrations to the Tham Luong canal without any proper treatment. The canal is one of the most polluted canals in the city and many residents have been affected by frequent outbreaks of dermatitis and gastroenteritis (Duc).
Fortunately, in response to this issue, wastewater treatment facilities are required for new and established industrial zones. In the Binh Duong province, a wastewater treatment plant was built in 1998 for the Vietnam-Singapore Industrial Park and adjacent areas. It includes a canal to drain rainwater and treated wastewater from the area to the Saigon River. In Bien Hoa II Industrial Park, a plant for treating wastewater from factories was put into operation in 1999 and has four reservoirs for biological, chemical, and physical treatment of liquid waste before it is conveyed to another reservoir for final treatment (Duc).
It is clear that sanitation goes hand in hand with water quality. In 1997, it was estimated that 3,500 tons of waste was produced daily in Ho Chi Minh City. To alleviate the household dumping of waste, a landfill site was upgraded and built with drainage pipes to a wastewater treatment facility. Wells for trapping gases and pipes to connect to a gas factory were also constructed and the landfill site was lined with polyethylene to prevent groundwater contamination (Duc).
It is enlightening to see that the residents of Vietnam, and its government recognize this issue. Unfortunately, implementation is just in its early stages.
Experimental Design

Upon coming up with my idea regarding the LifeStraw®, I found that Vestergaard Frandsen, Inc. had offices around the world. Coincidentally, they had one in both America and Vietnam. I first contacted their office in Arlington, Virginia and set up a meeting with them in March of 2007. The Customer Support Coordinator, Mr. Brian Hollingsworth gave me more information about the LifeStraw® and donated two LifeStraws® for testing purposes.
The following summer after compiling an array of ideas and plans, my advisor, Dr. Wayne Teel and I constructed an apparatus (as shown below) to observe how and if these LifeStraws® did what their manufacturer claimed they could do. It was made up of three buckets, two LifeStraws®, PVC pipes, rubber tubing, and PVC glue to seal the materials together, as well as, prevent leakage. It was set so that a sample of water could be put in the top bucket and flow through two LifeStraws® into two corresponding buckets using the force of gravity.

[image: image4]
Exhibit 4. Picture of the apparatus created by Dr. Wayne Teel and Diana Tran to test the LifeStraws® (LifeStraw #1 is on the left while LifeStraw #2 is on the right).

During May Session 2007 at James Madison University, Dr. Teel and I would meet and discuss how to approach my senior thesis which included a trip to Vietnam and focus on their current water conditions. A website was also created that explained what my senior thesis was and my progress at http://www.waterbythebarrel.com. Each day or two, I would obtain samples from Blacks Run located in downtown Harrisonburg, Virginia and run them through the LifeStraws®. During the first week, flow rates were taken with tap water and with a sample from Blacks Run.

[image: image5]
Exhibit 5. Picture of Blacks Run.

From that day forward, I would retrieve samples of approximately 9.5 liters each test day and run them through the apparatus. Not only were samples put through, tests were conducted to see if the LifeStraws® were able to eliminate bacteria. 100 mL would be taken from each sample before and after going through the LifeStraws® and placed into containers provided by the University’s laboratory. A dye, or “food”, was added and mixed, the mixture was poured into wells, sealed using the Quanti-Tray Sealer, and incubated at 35o for twenty-four hours. This was necessary because the bacteria needed to metabolize the food for the dye to show up which was important because the absence of color indicates the effectiveness of the LifeStraws® (refer to Exhibit 9 and Table 21). 
After doing more research, I found out that the residents of Vietnam use Alum ((KAl(SO4)2)(12H2O)), a compound derived from aluminum used in water purification and wastewater treatment. Upon contact with water, it becomes aluminum hydroxide (Al(OH)3). The Alum chemically attracts particles in the water to form grouping called floc, which can then settle to the bottom of the container. As the floc moves through the water, it pulls foreign particles with it to the bottom. The top portion of the water is then taken, boiled, and ready for human use. Unfortunately, this can take up to several hours to work.


[image: image6]
Exhibit 6. Picture of the Alum used in this project.

I was able to obtain a quantity of alum, and decided to test how well it worked. Like previous steps, I tested the sample from Blacks Run before, tested them after using the method for alum, as well as, a sample that ran through both alum and the LifeStraw®. The use of alum proved highly effective, and even more so in conjunction with the LifeStraw® (refer to Exhibit 10 and Table 21).

[image: image7]
Exhibit 7. Picture of floculation as a result of the use of Alum.

At this point, I was set to leave for Vietnam. I met up with my father who was already there and he had my cousins take me to various regions where he thought was relevant to my senior thesis (refer to Exhibits 12-15). I was only there for 15 days, and a few weeks after I returned, school was back in session and I was able to continue with my project in the laboratory.

Unfortunately, as with any experiment, problems did occur. About 200 liters into the project, LifeStraw® #2 began to plug, and LifeStraw® #1 quickly followed suit. Various methods were taken to solve this problem such as backwashing and using syringes which worked, but only for a short while. 


[image: image8]
Exhibit 8. Picture of buildup inside LifeStraw® #1.
This made me question the LifeStraw® and if it could hold up in conditions such as the ones I saw in Vietnam. I looked into other filtration devices and came upon the Katadyn®. Thanks to Dr. Teel and Mrs. Fasha Strange, I was able to obtain one. Like the previous steps taken with the LifeStraw®, tests were taken before the use of the Katadyn® and after the use of the Katadyn® (refer to Exhibit 11). Until the end of my senior thesis approached, samples were attempted to be taken despite plugging and complications.
Results and Analysis
	Table 19. Data for Flow Rate on 05/22/07 for 1000 mL of Tap Water

	 
	Start Time
	End Time 
	mL/second

	Lifestraw #1
	2:01 PM
	2:09 PM
	2.08

	Lifestraw #2
	2:01 PM
	2:10 PM
	1.85


	Table 20. Data for Flow Rate on 05/24/07 with 1000 mL from Blacks Run

	 
	Start Time
	End Time
	mL/second

	Lifestraw #1
	2:06 PM
	2:25 PM
	0.88

	Lifestraw #2
	2:06 PM
	2:53 PM
	0.35



When I had first started to test the LifeStraws®, the flow rate using regular tap water seemed reasonable with 2.08 mL/second and 1.85 mL/second respectively. Surprisingly, the flow rate using samples from Blacks Run was even better with 0.88 mL/second and 0.35 mL/second respectively. At this point, I was very optimistic regarding the future of my project.

After recording the flow rates of the LifeStraws®, the real testing began. Below in Exhibit 9 is a picture of the fecal coliform content for LifeStraw® #1 and LifeStraw® #2. The two wells on the left were completely yellow which meant that the most probable number (MPN) in cfu/100 mL was greater than 2419.6. LifeStraw® #1, third well from the left had 19.7 MPN, and the last well, LifeStraw® #2 had just 1 MPN. Clearly, these LifeStraws® were effective.

[image: image9]
Exhibit 9. Picture of fecal coliform content before going through the LifeStraws® (the two wells on the left) and after going through LifeStraws #1 and #2 with a result of >2419.6 MPN, >2419.6 MPN, 19.7 MPN, and 1 MPN respectively.

As mentioned earlier, the efficacy of Alum was tested, as well. As shown below in Exhibit 10, the well on the left contained only the sample from Blacks Run whose MPN did not change at greater than 2419.6. A sample of Blacks Run was treated using Alum and the result came out to be just 3.1 MPN which actually made me very pleased to know that the people of Vietnam had a method that was highly effective in cleaning their water. The last two wells were a result of a sample of Blacks Run being treated with Alum, as well as, going through LifeStraw® #1 and LifeStraw® #2 with an MPN of less than zero.

[image: image10]
Exhibit 10. Picture of fecal coliform content before going through the Alum and LifeStraw®, after the use of just Alum, after the use of Alum with LifeStraw® #1, and after the use of Alum with LifeStraw® #2 with a result of >2419.6 MPN, 3.1 MPN, <0 MPN, and <0 MPN respectively.
	Table 21. Data for Fecal Coliform

	Treatment
	MPN (cfu/100 mL)

	Lifestraw® 1
	19.7

	Lifestraw® 2
	1

	Alum
	3.1

	Lifestraw® 1 After Alum
	0

	Lifestraw® 2 After Alum
	0
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Figure 1. Graph of the data for fecal coliform using Alum and the LifeStraws®.

At this point, I was scheduled to leave for Vietnam. My father had my cousin take me to areas that were relevant to this project. One of the places that I was taken to was a graveyard. One might wonder why I would be taken here. Along the way, we had passed a number of street markets that sold vegetables, meat, etc. It turned out that vegetation was surrounding the tombstones and ultimately sold in the very markets we had just passed by.
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Exhibit 11. Picture of a graveyard surrounded by vegetation which is gathered and sold in nearby markets.

[image: image13]
Exhibit 12. Picture of my cousin leading the way between houses in Vietnam.


[image: image14]
Exhibit 13. Picture taken through a crack of one of the homes which shows trash and debris floating atop water.
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Exhibit 14. Picture taken of a boat-like bridge atop water connecting one row of houses to another.
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Exhibit 15. Picture showing the conditions many people in Vietnam are living in.
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Exhibit 16. Picture of an area with many boats that people live on.
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Exhibit 17. Picture of my results for the pH (approximately 6.5) of the water in Vietnam.


The College of Integrated Science and Technology provided me with a LaMotte Kit to take to Vietnam. One of the tests I took was for the pH level which in Exhibit 17 turned out to be 6.5. Eventually, I decided to stop taking tests. After being exposed to such terrible conditions (refer to Exhibits 13 to 16), it is clear as to why I felt that I could stop.

Aside from taking tests, I interviewed some residents of Vietnam, and this is what one person had to say (translated from Vietnamese to English):

“I can not imagine the houses in this area. These houses float on the canal surrounded by dirty trash. The water is black and very murky filled with fecal matter and trash. Wooden boards are used to make the floor where laundry and cooking are done. In the evening, many people take baths and it is very dangerous and slippery. Some children can fall into the water. Many kitchens are located next to the bathroom without a divider. There are many mice quickly reproducing. Many of these mice carry diseases. The people know of the danger, but they are forced to stay here because they have no choice. First, the government should destroy this area and the people should look for safer and cleaner locations. Although, this is difficult because the government has to reimburse them for their losses, but where and how is there possibly enough money for all of these people. There are just too many people.”

It is fitting that she mentioned the government here. Based on what I saw and heard, Vietnam is quickly growing both economically and regarding their population. It is also clear to see that the government is putting more energy in attracting foreign investors and tourists than helping their own people. After two weeks in Vietnam, I returned to America and eventually James Madison University to continue testing.
Like Exhibits 9 and 10, tests were executed to see the efficacy of the Katadyn®. In the first trial, the Katadyn® performed astonishingly with an MPN of less than zero. At this point, although the LifeStraw® seemed effective, the Katadyn® was clearly better.

[image: image19]
Exhibit 18. Picture of fecal coliform content before and after the use of the Katadyn® with a result of >2419.6 MPN and <0 MPN respectively.

Another goal that I had for this project was to raise awareness regarding water conditions in third world countries. With the sponsorship of the Center for Multicultural Student Services and alpha Kappa Delta Phi Sorority, Inc., I was able to set up “H20: A Sanitation Issue” in Taylor Hall during UNICEF Week which was very successful.
Conclusion
The LifeStraw® was effective towards the beginning of my trials. Despite its numerous awards and accolades, based on these tests it proved disappointing after just 255.5 liters. Alum was also effective, and with the combination of both treatments, the result was a count of >0 MPN (cfu/mL). Although, of all of these trials, the Katadyn® was definitely the winner with an MPN of >0, even at 104.1 liters. Unfortunately, the cost is a major issue, especially in poorer regions of the world.
If I could repeat this project or had more time, there are some things that I would change. For instance, if I could repeat this project, I would continue to find more methods for people to get access to cleaner water. I would continue to run samples through these instruments to find their exact life expectancy opposed to the ones that they claim. I would also attempt to find ways to help Vietnam obtain better conditions. It is obvious that the issue is not just that of water quality, but sanitation also plays a big role. I have done much research on water quality and have come up with numerous ideas and suggestions. It is certain that this would occur with more research and study regarding sanitation, as well.
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