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Abstract 
In 2002, the Massachusetts Institute of Technology 

Department of Civil and Environmental Engineering 

partnered with the Environment & Public Health 

Organization to develop and disseminate the 

Kanchan
TM

 Arsenic Filter (KAF) for the low-cost 

removal of arsenic from drinking water in rural 

Nepal. In this system, arsenic is removed via 

absorption onto the surface of ferric hydroxide, or 

rust, by integrating locally available iron nails with a 

bio-sand filter. 

 

The KAF filter has been successfully disseminated to 

approximately 24,000 households, corresponding to 

about 200,000 Nepalese, since 2002. However, recent 

studies have indicated that KAF may poorly remove 

arsenic concentrations, to filtered water arsenic levels 

above the Nepali government guideline (50 µg/L), 

under certain raw water conditions. The present study 

focused on identifying and determining the impact of 

raw water parameters on the arsenic removal 

efficiency of the KAF. These parameters included: 

arsenic, ferrous iron, dissolved oxygen, silica, 

phosphate, pH, hardness, chloride, manganese, and 

electrical conductivity concentrations. In addition, 

filter flow rate, installation date, location and a user 

survey was recorded. A total of 100 filters, of ages <1 

years to 7 years, from 79 groundwater sources and 15 

villages, primarily in the Nawalparasi District, were 

tested.  

 

Groundwater conditions that did not promote the 

corrosion of the iron nails were found to relate to a 

poorly performing KAF. These conditions included 

groundwater Fe(II) concentrations (<3mg/L), Fe(II) 

concentrations after having passed though nails (<1.1 

mg/L), groundwater chloride concentrations (<7 

mg/L), and high hardness concentrations. In addition, 

low groundwater arsenic concentrations (<200µg/L) 

were observed to relate to filtered water arsenic 

concentrations lower than the Nepali standard. It is 

recommended to research ways to increase iron 

corrosion in the KAF system so that it can be 

promoted in areas with various groundwater 

conditions. 

 

Introduction 
Naturally-occurring high arsenic concentrations in 

groundwater are a recognized problem in many 

regions of south and eastern Asian countries, 

including: Bangladesh, India, Vietnam, Cambodia 

and Nepal. High arsenic concentrations in 

groundwater are dependent on the geological, 

hydrogeolocial and geochemical conditions of the 

aquifers. Long-term consumption of high arsenic 

concentrations can lead to serious health effects such 

as arsenicosis and skin cancer. The World Health 

Organization (WHO) standard for allowable arsenic 

concentrations in drinking water is 10 g/L (WHO: 

Guidelines for Drinking-water Quality, 2008). Many 

South Asian countries such as Nepal have set their 

own standard for allowable arsenic concentrations in 

drinking water to 50 g/L. However, concentrations 

as high as 5 mg/L have been detected in groundwater 

tube wells of East Asian countries (Smedley, 2003).  

 

Arsenic contamination in the groundwater of the 

Terai was discovered in 1999 during exploratory 

arsenic testing project lead by the Department of 

Water Supply and Sewerage (DWSS) and the WHO 

(Panthi et al., 2006). Since this discovery, many 

efforts have been made by agencies involved in rural 

water supply to assess the occurrence of arsenic in 

Nepali groundwater. The combined sampling studies 

of over 740,000 tube wells by 12 separate institutions 

or organizations found that about 8% and 3% of the 

samples had arsenic concentrations that exceeded the 

WHO standard and the Nepali standard, respectively 

(Thakur et al., 2011). Overall, from these studies the 

District of Nawalparasi is observed to be the most 

affected area with the highest arsenic concentrations 

throughout the Terai (Figure 1). 

 

 

Figure 1: Arsenic concentrations in the Terai Region of 

Nepal from combined studies of over 740,000 tube wells. 

The Nepali standard for arsenic levels in drinking water is 

50 ppb (μg/L). Source: Thakur et al., 2011. 

Nawalparasi 
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A widespread implementation of tube wells 

beginning the 1980s as a pathogen-safe drinking 

water source exposed millions of people to arsenic 

contaminated drinking water. Two proposed 

solutions are finding alternative sources of water that 

are both pathogen and arsenic free and also treating 

arsenic contaminated water with appropriate 

technologies.   

 

Kanchan
TM

 Arsenic Filter  

The Nepal Water Project (NWP) in the Civil and 

Environmental Engineering (CEE) Department at 

MIT began in 1999, in collaboration with the local 

NGO the Environment and Public Health 

Organization (ENPHO).  The two primary objectives 

of the NWP were: (1) to quantify the water quality 

issues with specific data and analysis, and (2) to 

make recommendations on a point-of-use water 

treatment system that is both culturally and 

technically accepted and effective (Halsey, 2000). 

The second phase of this pilot study from 2002-2003 

found the arsenic biosand filter, which was branded 

and trademarked as the Kanchan
TM

 Arsenic Filter 

(KAF) in 2004, to be the most appropriate technology 

for the removal of arsenic in rural Nepal (Tabbal, 

2003). From 2003- 2004 about 1,000 KAF filers were 

deployed throughout Nepal. Currently, the KAF filter 

has been disseminated to approximately 24,000 

households. 

 

The KAF is a modified Bio-sand Filter (BSF) for the 

removal of arsenic. The BSF, designed in the 1980s 

by the University of Calgary, is designed to operate 

on the principles of slow-sand filtration while 

incorporating a layer of standing water, typically 2 

inches above the top fine sand layer. This layer of 

standing water facilitates the formation of a biofilm 

(schmutzdecke) layer for the predation of microbial 

contamination in the influent water (Ngai et al., 

2006). 

 

The KAF incorporates an arsenic removal 

mechanism into the BSF by adding a layer of iron 

nails into a diffuser basin above the BSF. In the KAF, 

arsenic is removed via adsorption onto the surface of 

iron species. As water is poured into the diffuser 

basin, it oxidizes the iron nails from Fe(0) to Fe(II). 

Dissolved oxygen in the water further oxidizes Fe(II) 

into Fe(III) which complexes as ferric hydroxide, 

Fe(OH)3, more commonly known as rust. These 

dissolved ferric hydroxide particles then bind to the 

arsenic in the water creating an iron arsenic complex. 

This complex can then bind to the sand in the filter, 

removing it from the effluent water. This mechanism 

is similar to arsenic adsorption on zero-valent iron 

reported by Nikolaidis et al. 2003 and arsenic 

adsorption on hydrous ferric oxides reported by 

Hussam et al. 2003. It should be noted that though 

the KAF was designed to have the arsenic adsorb 

onto the Fe(OH)3 still bonded to the nails, the 

complex made would then be flushed down by the 

water into the sand layers. However, the exact 

location of the oxidation mechanisms and the point 

where the iron and the arsenic complexes (on the 

nails or in the sand layers) in the KAF is not known. 

 

 

Figure 2: Diagram of the KAF, showing the location and 

arrangement of its components. Source: Murcott, 2010 

 

 

Figure 3: KAF versions developed over the years. (Left to 

right) concrete square, 2002; concrete round, 2003; plastic 

hilltake, 2003; plastic GEM505, 2004. Source: Ngai, 2005.  

 

Several models of the KAF have been developed 

over the years with an aim of improving the arsenic 

removal performance and the social acceptability of 

the filter: concrete square, concrete round, plastic 

square and GEM505 (Figure 3). The concrete KAF 

and the GEM505 KAF models were designed to 

provide a filtration rate of 25 and 15 L/hour, 

respectively, sufficient enough to supply water for a 

large family according the WHO guidelines (Howard, 

G. and Bartram, J., 2003). From February 2004 and 

2005 ENPHO conducted a blanket testing of 1000 

KAF systems, both concrete and plastic, throughout 
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the Terai (ENPHO, 2008). This study showed the 

KAF to have a removal efficiency of 85-99% for total 

coliform and of 90-93% for arsenic concentrations. In 

addition, 95% of the filters produced drinking water 

with arsenic concentrations below the Nepali 

guideline of 50 µg/L (Ngai et al, 2006). For more 

information on the KAF’s materials, cost and 

dissemination efforts in Nepal see Ngai et al., 2006 

and Ngai et al., 2007. 

 

Problems with the KAF 

The National Drinking Water Quality Steering 

Committee (NDWQSC) of Nepal issued a 3rd party 

evaluation study of about 700 KAFs in 2009. This 

study found that the arsenic removal efficiency of the 

KAF was about 99% for influent arsenic 

concentrations less than 100 µg/L; however, for inlet 

arsenic concentrations greater than 100 µg/L, effluent 

arsenic concentrations were typically above the 

Nepali arsenic drinking water standard of 50 µg/L. In 

addition, the calendar year age of the KAF was 

observed to influence the arsenic removal 

performance of the filter. KAFs operating for less 

than one year had an arsenic removal efficiency of 

about 95%; however, 30% of the KAFs operating 

between 1-3 years and about 15% of the KAFs 

operating after 3 years had efficiency levels of <75%. 

Nonetheless, this 3
rd

 party study found the KAF to be 

well performing (effluent arsenic concentrations 

below the Nepali standard) in all but 5% of the total 

sample size. The study observed that well performing 

and poorly performing filters were typically found 

within the same clusters. In particular, many of the 

clusters of poorly performing filters were located in 

the Nawalparasi District.  

 

Another 3
rd

 party study conducted by Chiew et al., 

2009 in Cambodia tested the arsenic removal 

performance of 3 concrete square KAFs over the 

course of 5 and 1/2 months. This study found that 

none of the filters tested removed inlet arsenic 

concentrations to below the Nepali standard. The 

main reason behind the poor arsenic removal 

performance of the KAF was attributed to a 

combination of high influent phosphate 

concentrations and low iron concentrations. Other 

internal studies of the KAF in Bangladesh showed 

percent arsenic removal performance between 76% - 

90 % in six GEM505 KAF models with influent iron 

groundwater concentrations of 6 mg/L.  

 

Nepal Water Project 2011 

The present study was developed in response to the 

reported poor performance of the KAF in particular 

areas of Nepal (i.e. the Nawalparasi district) and also 

in other South Asian countries. The uncertain 

performance of the KAF is presumed to be due to the 

different chemical composition of influent 

groundwater from location to location. The 

Nawalparasi District, in addition to having clusters of 

poorly performing filters, has some of the highest 

arsenic groundwater concentrations in all of Nepal. 

Thus, the first objective of this study was to evaluate 

the arsenic removal performance of the KAF under 

the different groundwater conditions of the 

Nawalparasi district to determine if the influent 

groundwater was impeding the KAF mechanism in 

this area. The second objective was to make 

recommendations on design improvements and 

operating limits for the dissemination of the KAF 

within and outside of Nepal based on the findings of 

the evaluation.  

 

The studied parameters included: arsenic, ferrous 

iron, dissolved oxygen, pH, silica, phosphate and 

hardness. High arsenic concentrations (> 100 µg/L) 

were seen to affect the KAF performance 

(NDWQSC, 2009; ENPHO, 2008). Since iron is the 

adsorption media for the arsenic removal of the filter, 

low concentrations of iron may lead to poor filter 

performance. Low dissolved oxygen levels and high 

pH levels promote the more soluble species of iron 

and arsenic, therefore, impacting the adsorption 

mechanism of the KAF. Phosphate and silicate are 

competing ions for adsorptions sites at the surface of 

iron oxides, thus the presence of either ion impedes 

the sorption of the other competing ions (Meng et al., 

2000; Su and Puls, 200; Meng et al., 2002; Roberts et 

al., 2004). High hardness concentrations can 

precipitate out a calcium buildup on the nails, 

possibly preventing the oxidation process of the iron 

and obstructing the arsenic removal mechanism of 

the KAF. In addition, to account for other outside 

variables in the filter performance not related to the 

water chemistry conditions, the filter flow rate, 

installation date, location and a user survey was also 

recorded.  

 

Experimental Section 
 

Site Selection  

The Nawalparasi District has some of the highest 

reported arsenic levels in Nepal; thus, it is a targeted 

region for filter distribution by many NGOs. Also, 

the NDWQSC study in 2009 identified this District 

as having clusters of poor performing filters. 

Individual villages within Nawalparasi were 

identified based on archived filter distribution lists 

recorded previously in a blanket KAF study in 2004-

2005 by ENPHO. In addition, sale lists provided by 

local entrepreneurs of the KAF and contacts from 

ENPHO team members who previously distributed 
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the KAF via non-affiliated parties were an aid to the 

study. The targeted villages were in areas where the 

reported KAF effluent arsenic concentrations were 

above 50 µg/L. In total, filters and groundwater 

sources in 15 different villages in the Nawalparasi 

District and 3 villages in the Rupandehi District were 

tested. 

 

Selection of Filter Types 

This study focused on the arsenic removal 

performance of the KAF for different groundwater 

parameters; therefore, to avoid the influence of 

structural or mechanical failures on the KAF’s 

performance, filters were chosen based on the 

following criteria:  

 

(1) No cracks or leakage: Structural failures in the 

KAF could allow inflows of untreated water. 

Also, leakages could affect the filter flow rate, 

which is an indication of filter performance, as 

discussed below. 

(2) Groundwater arsenic concentration greater than 

50 µg/L:  The Nepali standard for arsenic 

concentrations in drinking water is 50 µg/L; 

therefore, filters were only tested with 

groundwater concentrations above this standard. 

(3) Maximum flow rate of 30 liters/hour: Flow rates 

greater than 30 L/hour were seen in ENPHO, 

2008 to lead to significant decreases in the 

percentage of arsenic removal by the KAF. This 

is presumed to be due to low water contact time 

with the nails or sand layers.    

(4) Sufficient sand: The KAF was designed to have a 

2-inch gap between the diffuser basin and the top 

sand layer. The consumer sometimes removes 

too much sand during cleaning or to increase 

flow rate, but this is not recommended and can 

lead to decreased filter life and increased filter 

flow rate. 

(5) Nails present and evenly spread: The contact of 

iron nails with the groundwater is essential for 

the arsenic removal mechanism of the KAF, 

especially with naturally low levels of iron in the 

groundwater. Therefore, large gaps in the iron 

layer, or the absence of nails altogether, will let 

the groundwater drip through the diffuser basin 

and out the effluent without the proper arsenic 

treatment.  

(6) No tap: Many consumers of the KAF like to 

install a tap into the outlet of the filter to control 

the volume of source water that is filtered or 

stored inside the KAF. This alteration allows 

them to collect the filtered water as needed 

throughout the day without adding in more 

source water continuously. However, this 

alteration will also inadvertently increase the 

standing water level above the sand, which is 

designed to be 2-inches such that sufficient 

oxygen from the air can diffuse into the biofilm 

layer in the sand. The biofilm layer will 

otherwise consume all of the oxygen in the sand 

layers of the filter. A lack of oxygen in the KAF 

can change the oxidation state of arsenic and iron 

in the sand layers to its more soluble forms, 

As(III) and Fe(II), thus possibly leading to 

“spiked” arsenic concentrations in the effluent 

water. 

 

From these criteria, only the KAF concrete square, 

concrete round and GEM505 models were tested in 

this study. KAF model 3 (plastic square) was widely 

distributed in the Nawalparasi District but it was not 

included in this study due to structural failures noted 

in the side bulging of the plastic container, thus it is 

no longer promoted or distributed by ENPHO.  

 

Testing Method 

 

Arsenic 

Arsenic concentrations in the influent groundwater 

and effluent filtered water were measured using the 

Wagtech Arsenator® Digital Arsenic Test Kit
1
. 

Studies show that the Arsenator can measure reliable 

arsenic concentration readings with a correlation of 

0.95 and 0.96 with laboratory measurements of 

arsenic concentrations 0-100 µg/L 

(Sankararamakrishnan et al. 2008) and 0-250ug/L 

(Shukla et al., 2010) respectively. Testing 

methodology followed the Arsenator’s instructional 

manual attached in Appendix C. The Arsenator used 

in the present study was borrowed from the Center 

for Affordable Water and Sanitation Technology 

(CAWST) of Canada.  

 

Iron  

Ferrous iron concentrations (Fe(II)) were measured in 

the influent groundwater, the water passing through 

the nails and dripping out of the diffuser basin (“nail 

water”, Figure 6), and the effluent filtered water. 

Ferrous iron concentrations were measured using the 

HACH DR 27000 Portable Spectrophotometer
2
 and 

HACH Ferrous Iron Reagent Powder Pillows
3
. The 

composition of the HACH reagent is about 10% 10-

Phenanthroline and 90% sodium bicarbonate 

(HACH: MSDS-Ferrous Iron Reagent, 2009). If 

ferrous iron concentrations were present, the solution 

                                                 
1 Product number: WAG-WE10500. Web: 

http://www.wagtech.co.uk/ 
2 Product number: DR2700-01B1. Web: 

http://www.hach.com/ 
3 Product number: 103769. Web: http://www.hach.com/ 
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would turn orange and the spectrophotometer would 

calculate the concentration of Fe(II) from the color 

intensity within a range of 0.02 to 3.00 mg/L. If the 

solution surpassed the detection limit, the sample 

would be diluted by ½ (since our measurements of 

Fe(II) never exceeded 6 mg/l) using purchased 

bottled water, which indicated that it was reverse 

osmosis treated. Testing methodology followed the 

HACH Method 8186.   

 

 

Figure 4: Collecting water sample after it has passed 

through the nails and is dripping from the diffuser basin 

into the sand layers. Hari Budhathoki (left) and Tirtha Raj 

Sharma Dhungana (right).  

 
Silica 

Silica concentrations were measured from only the 

groundwater sources using the HACH DR 2700 

Portable Spectrophotometer and three silica reagents: 

citric acid, sodium molybdate, and the acid reagent
4
. 

The latter reagent has a composition of sulfamic acid 

and sodium chloride (HACH: MSDS-Acid Reagent, 

2010). In the presence of silica concentrations, the 

sample will turn green with the reagents and the 

spectrophotometer can then calibrate the color 

intensity with the concentration within a range of 1 to 

100 mg/L. Samples did not surpass the detection limit 

for silica, so dilution was not necessary. Testing 

methodology followed the HACH Method 8185.   

 

Phosphate 

Phosphate concentrations were only measured for the 

groundwater sources. Previous studies indicate that 

field kits for measuring phosphate concentrations do 

                                                 
4 Product number (for all three reagents): 2429600. Web: 

http://www.hach.com/ 

not prove to be very accurate. Therefore, 

groundwater samples were collected for each source 

and brought to ENPHO for laboratory analyses of 

phosphate concentrations. In the lab, phosphate was 

measured using an ammonium molybdate ascorbic 

acid reagent and a spectrophotometric instrument. 

Samples did not need to be preserved according to 

standard methods (“Standard Methods,” 1995).  

 

Dissolved Oxygen (DO) 

DO concentrations were measured for the effluent 

water from each of the filters of interest. This testing 

took place in the field using the HACH Dissolved 

Oxygen Test kit, model OX-2P
5
. This field kit 

measures dissolved oxygen concentrations using the 

drop count titration method. The detection range is 

0.2-4 mg/L (in increments of 0.2 mg/L) and 1-20 

mg/L (in increments of 1mg/L). Testing methodology 

followed the HACH Method 8215.  

  

Hardness 

Hardness concentrations were measured for the 

influent groundwater and the effluent filtered water. 

Samples were collected from each tube well source 

and brought back to the ENPHO Lab for more 

accurate and precise measurement ranges than field 

kits can provide. Samples did not need to be 

preserved according to standard methods (“Standard 

Methods,” 1995). In the lab, hardness was measured 

using the ethylenediaminetetraacetic acid (EDTA) 

titrimetric method. In addition, in the field, hardness 

measurements were estimated using the HACH 5 in 1 

Water Quality Test strips
6
 for total hardness 

concentrations as CaCO3 (0, 250 or 425 mg/L).  

 

pH 

The pH levels for both the influent groundwater and 

effluent filtered water were measured using the 

WaterWorksTM Extended Range pH Check Strips. 

The WaterWorksTM strips have a detection 

sensitivity in increments of 1 for pH 1-5 and 10-12 

and in increments of 0.5 for pH 6-9.5. The total test 

time per sample is 30 seconds. In addition, the 

HACH 5 in 1 Water Quality Strips were also used to 

measure pH with a detection range pH 6.2-8.4 in 

increments of pH 0.6.  

 

In addition, split samples for arsenic (16), total iron 

(16), dissolve oxygen (14) and silica (15) 

concentrations were collected in polyethylene bottles 

and brought back to the ENPHO lab for testing. 

Samples were preserved and tested in accordance to 

standard methods (“Standard Methods”, 1995). 

                                                 
5 Product number: 146900. Web: http://www.hach.com/ 
6 Product number: 2755250. Web: http://www.hach.com/ 
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Sampling Methodology  
After the filters were evaluated based on the criteria 

described in the section Selection of Filter Types, a 

systematic sampling procedure was followed to 

minimize sampling time and error from 

inconsistencies in sampling collection, as shown in 

Figure 7 and described below:  

 

 
 

Figure 5: Flowchart of the Nepal 2011 field study 

sampling methodology.  Note: GW = groundwater. 

 

Groundwater collection 

Groundwater was collected directly from private or 

public tube wells. Some tube wells needed to be 

“primed” prior to use, meaning prepared by pouring 

in a small amount of water into the pump and 

applying suction so that the mechanism of the tube 

well would work. However, groundwater samples 

collected directly after the priming procedure would 

be a poor representation of the groundwater 

conditions, since it would contain a mixture of the 

“priming water”. Thus, for consistency each tube 

well was pumped for a minimum of 60 seconds prior 

to collecting the groundwater sample in 500mL 

plastic beakers.  

 

Measuring flow rate 

The groundwater sample would then be used fill up 

the corresponding filter for flow rate measurements.  

The filter flow rates were measured using a 500mL 

plastic graduated cylinder and a stopwatch was used. 

If the flow rate was above 30 L/hour (or above 

500mL/minute) the filter would not be included for 

testing. If the flow rate was less than or equal to 30 

L/hour field testing would proceed.  

 

 

 

Testing parameters in groundwater 

The parameters tested in each groundwater sample 

were: arsenic, pH, ferrous iron and silica 

concentrations. In addition, groundwater samples 

would be collected and stored in 500mL polyethylene 

bottles for hardness and phosphate testing in the 

ENPHO lab. All groundwater tests per tube well 

would take an estimated 25 minutes to complete, with 

the arsenic test results (~20 minutes to complete) 

being the determining factor in order to continue 

testing. If the arsenic concentrations in the 

groundwater were less than the Nepali Standard for 

drinking water (50 µg/L), all further testing for the 

corresponding filter would discontinue. On the other 

hand, if the groundwater concentration of arsenic was 

above 50 µg/L filtered water collection would 

proceed.  

 

Filtered water collection 

For direct comparison of the arsenic removal 

performance of the KAFs, it was important to flush 

the filter out completely before collecting the filtered 

water sample, so that it corresponded to the tested 

groundwater source. Assuming a plug flow nature for 

the bio-sand filters (neglecting any dispersion), the 

volume of water poured into the filter would need to 

be greater than the filter pore volume in order to 

collect newly filtered water. Since both the GEM505 

and the concrete square KAF models have a pore 

volume of about 5L, the filtered water sample would 

be collected after at least 5 L of the groundwater 

sample had passed though. The measured flow rate of 

each filter would allow us to know when enough time 

had passed (corresponding to 5 L of filtered water) 

before collecting the filter samples in 500 mL plastic 

beakers. The “nail water” sample would be taken by 

lifting up the basin holding the nails and collecting 

the dripping water (Figure 4).  

 

Testing parameters in filtered water 

The parameters tested from the filtered water sample 

were: arsenic, pH, and ferrous iron concentrations. 

The water sample for dissolved oxygen would be 

collected directly from the filter outlet and tested 

immediately. In addition, a filtered water sample 

would be collected and stored in a 250mL 

polyethylene bottle for hardness testing in the 

ENPHO lab. 

 

If a tube well source was servicing more than one 

KAF filter, the groundwater from the source would 

be tested only once and the filtered water would be 

tested for each individual filter. In this step, it was 

assumed that the groundwater source would not 

change drastically over the course of a few hours. 

Resulting data from each groundwater and filtered 
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water sample would be documented in a notebook 

and later updated into an electronic spreadsheet. In 

addition, user survey results would be collected by 

ENPHO staff personnel in Nepali and later translated 

to English. Also, the stored groundwater and filtered 

water samples would be labeled to match the 

corresponding test serial number on the data sheet. 

The testing instruments would then be cleaned and 

re-supplied for the next round of testing. 

 

Results and Discussion 
 

Effects of chemical parameters 

This section will present the results of all chemical 

parameters tested in the field. Filter performance was 

determined by the effluent filtered water arsenic 

concentrations relative to the Nepali standard for 

arsenic in drinking water of 50 µg/L. The parameters 

measured were graphed against the effluent arsenic 

concentrations to observe any relationship and 

correlation between the two data sets. Also, the KAFs 

were evaluated based on the percent arsenic removal 

and the effluent arsenic concentration levels relative 

to the Nepali standard. The parameter measurements 

corresponding to each filter were graphed against the 

percent arsenic removal to observe any correlation.  

A regression analysis was performed to determine the 

significance of any perceived correlation. An R
2
 

value above 0.0645 for 100 samples was taken to be 

significant to the 0.01 (Downie and Heath, 1965). 

Associated errors in measured values were estimated 

using previous studies and calibration curves against 

standards and split sample values tested by ENPHO 

(Appendix D). Overall, 100 separate KAFs were 

tested, corresponding to 79 groundwater sources and 

101
7
 filtered water samples. Thus, the total sample 

size for all parameters was 101, with the exception of 

ferrous iron (N=100), phosphate (N=97), and 

hardness (N=97) readings. Raw data collected is 

presented in Appendix G.  

 

Arsenic 

Arsenic concentration measurements ranged from 0 

non-detectable (ND)
8
 to a maximum of 500 µg/L 

(upper detection limit). Figure 6 displays an 

overview of the arsenic concentration ranges for both 

influent groundwater and effluent filtered water 

sources. Most filters were observed to remove some 

fraction of influent groundwater arsenic 

concentrations. There was a 58:43 ratio between well 

performing and poorly performing filters. Well 

                                                 
7 Filter number 43 and 53 are the same GEM505 filter 

tested with the same groundwater source on two separate 

days.  
8 Below detection limit of the measuring instrument 

performing filters removed on average 91% of the 

inlet arsenic concentration, while poorly performing 

filters removed on average only 50% of the inlet 

arsenic concentration. However, there was no 

correlation (R
2
 = 0.0288) between inlet groundwater 

arsenic concentration and arsenic removal 

performance (Figure 7).  There was, though, an 

observed relationship between influent arsenic 

concentrations below 200µg/L and effluent arsenic 

concentrations below the Nepali standard (Figure 8). 

About 93% of the samples (N=27) with groundwater 

concentrations below 200µg/L correspond to a 

filtered water arsenic concentration below 50µg/L.  

 

 
Figure 6: Arsenic concentrations in groundwater and 

filtered water samples. Error: +/- 25% (As  100 µg/L) and 

+/- 50 µg/L (As >100 µg/L). Solid red line: Nepali arsenic 

drinking water standard (50 µg/L).  

 

 
Figure 7: Groundwater arsenic concentrations vs. percent 

arsenic removal of the KAFs. Error: +/- 25% 
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Figure 8: Groundwater arsenic concentrations vs. filtered 

water arsenic concentrations. Error: +/-25% (As  100 

µg/L) and +/-50 µg/L (As >100 µg/L). Solid red line: 

Nepali arsenic drinking water standard (50 µg/L). Dotted 

green line: shift from mostly well performing filters (left) 

to both poor and well performing filters (right).  

 

Iron 

Ferrous iron (Fe(II)) concentrations ranged from 0 

ND to 7.4 mg/L in groundwater, 0 ND to 1.8 mg/L in 

filtered water, and 0 ND to 3 mg/L in the nail water 

sources. Overall, Fe(II) concentrations in the 

groundwater and nail water were higher in the well 

performing filters than the poorly performing filters. 

Also, high groundwater Fe(II) concentration correlate 

significantly with low effluent arsenic concentrations 

(R
2
=0.114) and with high percent arsenic removal 

(R
2
=0.153) (Figure 9 and Figure 10). Similarly, high 

nail water Fe(II) concentrations correlate 

significantly with low effluent arsenic concentrations  

(R
2
=0.085) and with high percent arsenic removal 

(R
2
=0.133) (Figure 11 and Figure 12). In addition, a 

strong relationship between effluent arsenic 

concentrations below the Nepali standard and both 

Fe(II) concentrations >3mg/L in groundwater and 

>1.1 mg/L in nail water samples was observed. 

Furthermore, most of the Fe(II) concentrations after 

the nails were due to influent groundwater Fe(II) 

concentrations but there was no correlation with delta 

Fe(II) values (groundwater minus nail water Fe(II) 

concentrations) and effluent arsenic concentrations 

(Figure 13). Fe(II) concentrations in the effluent 

filtered water of well performing filters were on 

average lower than the WHO standard for total iron 

concentrations in drinking water (0.3 mg/L), but 

higher for poorly performing filters (WHO: 

Guidelines for Drinking-water Quality, 2008). 

Regression analysis showed that Fe(II) 

concentrations in the filter water were not 

significantly correlated to effluent arsenic 

concentrations (Appendix E).  

 

 
Figure 9: Fe(II) concentrations in groundwater vs. filtered 

water arsenic concentrations. Error: +/-25% (As  100 

µg/L), +/- 50 µg/L (As >100 µg/L), +/- 0.03 mg/L (Fe  

1mg/L), and +/- 20% (Fe > 1mg/L). Solid red line: Nepali 

arsenic drinking water standard (50 µg/L). Dotted green 

line: shift from mostly well performing filters (right) to 

both poor and well performing filters (left).  
 

 
Figure 10: Fe(II) concentrations in groundwater vs. 

percent arsenic removal. Error: +/- 25% (As), +/- 0.03 

mg/L (Fe  1mg/L), and +/- 20% (Fe > 1mg/L).  
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Figure 11: Fe(II) concentrations after the nails vs. arsenic 

concentrations in the effluent filtered water. Error: +/-25% 

(As  100 µg/L), +/- 50 µg/L (As >100 µg/L), +/- 0.03 

mg/L (Fe  1mg/L), and +/- 20% (Fe > 1mg/L). Solid red 

line: Nepali arsenic drinking water standard (50 µg/L). 

Dotted green line: shift from mostly well performing filters 

(right) to both poor and well performing filters (left).  
 

 
Figure 12: Fe(II) concentrations in the nail water vs. 

percent arsenic removal. Error: +/- 25% (As), +/- 0.03 

mg/L (Fe  1mg/L), and +/- 20% (Fe > 1mg/L).  
 

 
Figure 13: Delta Fe(II) concentrations (Groundwater 

minus Nail Water) vs. percent arsenic removal. Error: +/- 

25% (As), +/- 0.03 mg/L (Fe  1mg/L), and +/- 20% (Fe > 

1mg/L).  

 

Hardness 

Measurements of hardness as CaCO3 ranged from 

140 mg/L to 508 mg/L. Stored samples were 

measured in the ENPHO Lab using the EDTA 

titration method with a reported analytical error of 

10%. Average hardness concentrations were not 

significantly different between the groundwater and 

filtered water sources or between the well performing 

and poorly performing filters. Regression analysis 

showed that there is not a significant correlation 

between hardness concentrations in the groundwater 

and arsenic concentrations in the filtered water 

(R
2
=0.056) (Figure 14). However, there is an 

observed relationship in hardness concentrations in 

the groundwater above 350 mg/L and arsenic 

concentrations in the filtered water below the Nepali 

standard. In addition, there was a high significant 

correlation between groundwater hardness 

concentrations and percent arsenic removal (R
2
= 

0.135) (Figure 15). In part, the relationships 

observed between hardness and arsenic could be due 

the high correlation (R
2
=0.422) seen between 

groundwater hardness concentrations and Fe(II) 

levels after the nails (Figure 16).   

 

 

 
Figure 14: Total hardness concentration in groundwater 

vs. filtered water arsenic concentrations. Error: +/- 25% (As 

 100 µg/L), +/-50 µg/L (As >100 µg/L), and +/-10% mg/L 

(hardness). Solid red line: Nepali arsenic drinking water 

standard (50 µg/L). Dotted green line: shift from mostly 

well performing filters (right) to both poor and well 

performing filters (left).  
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Figure 15: Hardness concentrations in the groundwater 

vs. percent arsenic removal. Error: +/- 25% (As) and +/- 

10% (hardness).   
 

 
Figure 16: Groundwater Hardness vs. Fe(II) concentrations 

after the nails. Error: +/-0.03 mg/L (Fe ≤ 1mg/L), +/-10% 

(Fe >1mg/L), and +/-10% (hardness). 

 

Total phosphorus, silica and dissolved oxygen did not 

have any correlation or relationship with the percent 

arsenic removal performance of the KAF and the 

effluent arsenic concentrations, relative to the Nepali 

standard. Low groundwater pH values did show a 

slight relationship with effluent arsenic 

concentrations below the Nepali standard, however 

there was not enough data points or any significant 

correlation in the data set. Also, location and social 

factors were not observed to strongly affect the filter 

performance. Figures and tables for these 

measurements are found in Appendix E and 

Appendix F. Raw data for the collected user survey 

is presented in Appendix H.  

 

Overall, field data analysis suggested that the 

performance of the KAF was related to the ferrous 

iron levels of the groundwater and nail water, as well 

as the hardness of the inlet water source. To further 

explore the cause of low Fe(II) levels after the nails, 

new parameters relating to corrosion (chloride, 

electrical conductivity, and manganese) were tested 

in the ENPHO lab following the field study. In 

addition, pH levels were retested from the stored 

groundwater samples to verify the pH measurements 

from the pH test strips.  

 

Effect of corrosion parameters 

Groundwater samples collected in the field for the 

analysis of hardness and phosphate concentrations in 

the ENPHO lab were used to measure the new testing 

parameters. These samples were stored in labeled 

polyethylene bottles for about 10-12 weeks prior to 

the new testing. One groundwater sample 

(corresponding to three poorly performing filters) and 

a couple other samples were misplaced or missing so 

the new sample size for the following parameters is 

96. The estimated error reported by ENPHO for all 

new parameter tests is +/-10%.  In addition, tested 

manganese concentrations were mostly all below the 

instrument detection limit (<0.2 mg/L) so it is not 

included in the proceeding test results.   

 

Chloride 

Chloride concentrations in the water were ranged 

from 0 ND to 91 mg/L. Figure 17 shows a strong 

relationship between chloride levels above 7mg/L 

and effluent arsenic concentrations below the Nepali 

standard; however, there was no significant 

correlation between the two parameters. Yet, there 

was a significant, though small, correlation (R
2
 = 

0.068) between high chloride concentrations and high 

dissolved iron concentrations (R
2
=0.68) (Figure 18). 

Thus, these observations show that chloride may be a 

notable measure for dissolved iron concentrations but 

not directly related to arsenic concentrations or KAF 

performance.    

 

 
Figure 17: Groundwater chloride concentrations vs. 

effluent arsenic concentrations. Error: 25% (As  100 

µg/L), +/- 50 µg/L (As >100 µg/L) and +/- 10% (chloride). 

Solid red line: Nepali arsenic drinking water standard (50 

µg/L). Dotted green line: shift from mostly well performing 

filters (right) to both poor and well performing filters (left). 
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Figure 18: Groundwater chloride concentrations vs. Fe(II) 

concentrations after the nails. Error: +/- 0.03 mg/L (Fe ≤ 

1mg/L), +/- 10% (Fe > 1mg/L) and +/- 10% (chloride). 

Dotted green line: shift from mostly well performing filters 

(right) to both poor and well performing filters (left) from 

the previous graph. 

 

Statistical Analysis of All Parameters 

Factor analysis is a statistical method used to 

describe the variability among a large set of observed 

parameters to identify the number and loadings of 

unobserved variables referred to as factors. For this 

data, a factor of one was assumed in order to 

calculate the factor loading matrix of the model to 

observe any joint variations among our parameter 

outputs that would identify interdependencies 

between the measured parameters and the arsenic 

removal performance. The “factoran” syntax in 

MATLAB was used to calculate the maximum 

likelihood estimate of the factor loading matrix (A) in 

the factor analysis model. The computed factor 

loading and variance values are shown in Table 1. 

This analysis shows a notable interdependence 

relationship between Fe(II) (groundwater, filtered 

water and nail water), hardness (groundwater and 

filtered water), groundwater chloride and percent 

arsenic removal. This further confirms our graphical 

findings that identified the relationship between 

Fe(II), hardness and chloride, and how they can be 

related to the KAF performance.  

 

 

 

 

 

 

 

 

Table 1: Factor loading and variance for each parameter 

using one common factor (N=96). 
Parameter Factor Loading Variance 

% Arsenic Removal 0.4613 0.7872 

GW Arsenic 0.0007 0.9999 

FW Arsenic -0.3762 0.8584 

GW Fe(II) 0.6894 0.5247 

FW Fe(II) 0.5185 0.7312 

Nail Fe(II) 0.7144 0.4896 

GW Hardness 0.8859 0.2151 

FW Hardness 0.8815 0.2229 

GW Silica 0.0563 0.9968 

GW Phosphate 0.0981 0.9904 

FW Dissolved Oxygen -0.3906 0.8474 

GW pH -0.1718 0.9705 

FW pH -0.0934 0.9913 

Flow -0.1563 0.9756 

Age -0.0017 0.9999 

GW Electrical Conductivity 0.0855 0.9927 

GW Chloride 0.5207 0.7289 

  
GW = groundwater; FW = filtered water; Shaded 

parameters are shown to be related. 

 

 

In addition, the Generalized Linear Model (GLM) 

was used to find the linear relationship between a 

dependent (or response) variable Y, and a set of 

predictor variables, the X's, such that: 

Y = b0 + b1X1 + b2X2 + ... + bnXn 

Where b0 is the intercept coefficient and the bi values 

are the regression coefficients (for variables 1 

through n). The MATLAB syntax “glmfit” was used 

to compute t he bo and bi values. For this analysis the 

Y vector was the arsenic removal performance of 

each filter and the X matrix was only the measured 

groundwater parameters (Table 2). 

 

Table 2: Regression coefficients for the groundwater 

parameters using the GLM model (N=96). Note: GW = 

groundwater 

Parameter b (regression coefficient) 

(bo) coefficient 98.72 

GW Arsenic -0.0424 

GW Fe 4.4456 

Nail Fe 4.9664 

GW Hardness 0.0466 

Silica 0.2168 

Phosphorous -12.2943 

GW pH -4.8597 

conductivity -0.0058 

chloride -0.1325 
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This analysis shows that the groundwater arsenic, 

phosphorus, groundwater pH, conductivity and 

chloride concentrations negatively affect the percent 

arsenic removal performance with an increase in 

concentration. Similarly, groundwater iron, nail water 

iron, groundwater hardness and silica all contribute 

positively to the arsenic removal performance of the 

filter with an increase in concentration. Though these 

models give us a more sophisticated analysis of our 

large data set, it should be looked at with 

consideration of the sample size and the variability of 

other factors not accounted for, such as the social and 

filter specific characteristics (i.e. flow rate, age), in  

non-controlled testing environment.  

Conclusion and Recommendations 
The data points to three major groundwater 

parameters that may affect the arsenic removal 

performance of the KAF: the influent groundwater 

ferrous iron concentration, the ferrous iron 

concentration present after contact with the nails, and 

the inlet groundwater hardness concentrations. In 

addition, it was observed that the KAF typically fails 

when the groundwater arsenic concentrations are  

200μg/L, the ferrous iron concentrations of the nails 

are < 1.1mg/L and the groundwater chloride 

concentrations are < 7mg/L. This range contained 

82% of the studied poorly performing filters (N=39) 

as opposed to only 15% of the well performing filters 

(N=58). Thus, these findings suggest that 

groundwater conditions that do not promote the 

corrosion of the iron nails and have high inlet arsenic 

concentrations may result in a poorly performing 

KAF.  

 

The corrosiveness of the groundwater was observed 

though the measured hardness (Ca
+
 ions) and 

chloride concentrations. There was a significant 

correlation (R
2
=0.422) between high ferrous iron 

concentrations after contact with the nails and high 

hardness concentrations in the groundwater. There 

was also a significant correlation (R
2
=0.068) between 

high ferrous iron concentrations after contact with the 

nails and high chloride groundwater concentrations. 

In addition, it was observed visually from Figure 17 

that the filters were likely to perform well with 

chloride levels in the groundwater higher than 7 

mg/L. Also, observed was a relationship between 

groundwater arsenic concentrations ≥200µg/L and 

filtered water arsenic levels below the Nepali 

standard. For groundwater arsenic concentrations 

≥200μg/L, the minimum percent arsenic removal 

required is 75% to meet the Nepali standard. The 

average percent arsenic removal of the poorly 

performing filters in this study (N=42) was 50+/-26 

% (with a range of 0-80 % removal); therefore, some 

of the labeled “poorly performing” filters could meet 

the Nepali standard with inlet arsenic concentrations 

<200μg/L. Since the average groundwater arsenic 

concentration from the samples observed in this study 

(N=79) was >200μg/L, filter performance should be 

evaluated with regards to these high inlet arsenic 

concentrations for the dissemination of the filter into 

various locations.  

 

Groundwater pH concentrations observed in this 

study did not have a significant correlation between 

arsenic concentrations in the effluent water. Yet, it is 

important to note that low groundwater pH levels (< 

pH=6) were related to arsenic effluent concentrations 

below the Nepali standard; however, low 

groundwater levels only accounted for 7% of the total 

measured groundwater pH data. Further studies are 

recommended to confirm this observation and to 

determine the effect of pH on KAF’s performance. 

Other studies are necessary to pin-point the location 

where the different oxidation states of the iron occur 

within the KAF mechanism. Particularly, it is not 

known if low ferrous iron concentrations after contact 

with the nails correspond to low production of 

ferrous iron by the nails or the fast oxidation of 

ferrous iron to ferric iron. Considering that the 

corrosion rate of the nails was seen to be an 

influential factor in the filter’s performance, 

resolving this ambiguity will further help to identify 

the critical parameters that may drive the KAF’s 

arsenic removal mechanism.    

 

In addition, further studies are necessary to see how 

the KAF performs in groundwater conditions with 

high levels of competing ions. The groundwater 

observed in Nepal on average had very low 

concentrations of phosphate (0.2 mg/L) compared to 

the average groundwater concentrations in other 

South Asian countries (>1mg/L). Since high 

concentrations of phosphate or silicate have been 

previously observed to impede the adsorption of 

arsenic onto ferric oxides, more research should be 

done on how to improve the filter with groundwater 

conditions that do not promote iron corrosion and 

have high concentrations of phosphate and silicate. 

This is especially recommended for the safe 

dissemination of this filter into other South Asian 

countries with more complex groundwater 

conditions.  

 

Lastly, it is recommended to study and incorporate 

the use of new local components in the KAF system 

to increase iron corrosion. Due to the observed 

correlations between high dissolved iron and high 

hardness or high chloride concentrations, researching 
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the possible incorporation and effect of adding local 

hardness or chloride sources (i.e. limestone or rock 

salt) is an advised. This includes studying the 

quantity and frequency of incorporating the new 

component such that it is safe for the users to 

consume, socially or economically desirable and is 

effective for the removal of arsenic from raw 

groundwater, prior to distribution.  
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Appendix A: Abbreviations  

 

MIT   – Massachusetts Institute of Technology 

CEE – Civil and Environmental Engineering 

ENPHO  – Environment and Public Health Organization 

KAF   – Kanchan
TM

 Arsenic Filter  

NWP   – Nepal Water Project of MIT 

NGO   – Non-governmental Organization 

NDWQSC – National Drinking Water Quality Steering Committee 

As   – Arsenic 

Fe  – Iron  

P  – Phosphorous (refers to phosphate in this context) 

Si   – Silicon (refers to silica/silicate in this context) 

DO   – Dissolved oxygen 

WHO  – World Health Organization 

mg/L  – milligrams per Liter  

g/L  – micrograms per Liter 

L/hour   – Liters per hour 

Lab   – Laboratory  

ND   – Non-detectable  

BSF  – Bio-Sand Filter 

DWSS  – Department of Water Supply and Sewerage 

Fe(II) or Fe
2+

 – Ferrous iron 

Fe(0) or Fe
0
 – Zero valent iron 

Fe(III) or Fe
3+

 – Ferric iron 

CAWST – Center for Affordable Water and Sanitation 

VDC  – Village Development Committees 

EDTA  – Ethylenediaminetetraacetic acid  

GW  – Groundwater 

L   – liter  
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Appendix B : User Survey 

 

The following survey was used to document the user and location of each studied KAF. 

In addition, other details related to the type of KAF and reported or observed maintenance was 

recorded.   
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Appendix C: Wagtech Arsenator® Digital Arsenic Test Kit Operation Manual 

 

 

Figure B-19: Arsenic color chart for concentrations above 100 g/L. 
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Figure B-20: Scanned copy of the Wagtech Arsenator operation manual, part 1 
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Figure B-21: Scanned copy of the Wagtech Arsenator operation manual, part 2 
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Figure B-22: Scanned copy of the Wagtech Arsenator operation manual, part 3 
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Figure B-23: Scanned copy of the Wagtech Arsenator operation manual, part 4 
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Appendix D: Calibrations and split sample analysis  

 

 

Figure D-1: Split sample calibration between measured arsenic concentrations in an atomic absorption 

spectrometer (ENPHO) and the Wagtech Arsenator. 

 

 

 

Figure D-2: Calibration of Fe(II) readings from the portable HACH spectrometer vs. prepared 

Fe(II) standards.  
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Figure D-3: Split sample calibration with ENPHO spectrophotometer and HACH portable 

spectrophotometer.  

 

 

 

 

Figure D-4: Split sample calibration between the ENPHO Lab standard titration method and the HACH 

DO titration test kit.  
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Appendix E: Figures and tables measured chemical parameters  

 

Included below are the tables and figures data results, most notably for the parameters: 

phosphorous, silica, pH, DO and electrical conductivity, which were not included in the text.  

 

 

 

Table E-3: Averages and standard deviations of measured arsenic concentrations in the groundwater, 

effluent filtered water and the percent arsenic removal by the filters. 

  # 

Samples 

GW [As] Filtered [As] % [As] removal 

  Average ** Average ** Average ** 

Well performing* 58 204 98 17 12 91 10 

Poorly performing* 43 270 71 134 80 50 26 

Total filter Samples 101 232 93 67 79 73 27 

*Based on Nepali drinking water standard of [As]<50 µg/L 

**Values above 100 µg/L of arsenic had an error of +/- 50 µg/L so standard deviations may be higher 

 

 

 

Table E-4: Average and standard deviations of measured ferrous iron concentrations in the groundwater, 

effluent filtered water and the water after passing through the nails. 

  

  

GW [Fe(II)]  

(mg/L) 

Filtered [Fe(II)]  

(mg/L) 

Nail [Fe(II)]  

(mg/L) 

Average  Average  Average  

Well performing* 1.90 0.87 0.13 0.32 0.46 0.59 

Poorly performing* 0.92 1.42 0.44 0.58 0.96 0.88 

Total filters 1.48 1.31 0.31 0.51 0.75 0.81 

*Based on Nepali drinking water standard of [As]<50 µg/L   
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Figure E-1: Total phosphorus concentrations in groundwater vs. arsenic concentrations in the filtered 

water. Error: +/-25% (As values  100 µg/L), +/- 50 µg/L (As values >100 µg/L), and +/- 10% (P). Solid 

red line: Nepali arsenic drinking water standard (50 µg/L).  

 

 

 

 

Figure E-2: Total silica concentrations in groundwater vs. arsenic concentrations in the filtered water. 

Error: +/- 25% (As values  100 µg/L), +/-50 µg/L (As values >100 µg/L), and +/- 10% in Si. Solid red 

line: Nepali arsenic drinking water standard (50 µg/L).  
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Table E-5: Average and standard deviations of measured pH units in the groundwater and filtered water. 

  

  

GW pH Filtered pH 

Average  Average  

Well performing* 7.3 0.5 7.2 0.5 

Poorly performing* 7.6 0.4 7.5 0.4 

Total filters 7.4 0.4 7.3 0.5 

*Based on Nepali drinking water standard of [As]<50 µg/L  

 

 

 
 

 

Figure E-3: pH levels in the groundwater vs. filtered water arsenic concentration. Error: +/- 25% (As  

100 µg/L), +/-50 µg/L (As >100 µg/L), and +/-0.5 units (pH). Solid red line: Nepali arsenic drinking 

water standard (50 µg/L).  

 

 



Nepal 2011 Project Report  
 

 
27 

 

Figure E-4: Dissolved oxygen concentration vs. effluent arsenic concentration. Error: +/- 25% (As  

100 µg/L), +/-50 µg/L (As >100 µg/L), and +/- 1 mg/L (DO). Solid red line: Nepali arsenic drinking 

water standard (50 µg/L).  

 

 

 

Table E-6: Average and standard deviations of hardness concentrations as CaCO3 in groundwater and 

filtered effluent water. 

  

  

GW Hardness (mg/L) Filtered Hardness (mg/L) 

Average  Average  

Well performing* 325 73 316 68 

Poorly performing* 278 59 260 51 

Total filters 305 71 292 67 

*Based on Nepali drinking water standard of [As]<50 µg/L 
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Figure E-5: New groundwater pH concentrations vs. effluent arsenic concentrations. Error: 25% (As  

100 µg/L), +/- 50 µg/L (As >100 µg/L) and +/- 10% (pH). Solid red line: Nepali arsenic drinking water 

standard (50 µg/L). No real correlation can be seen between these two data sets. 

 
 

 

 

 

Figure E-6: Groundwater electrical conductivity vs. effluent arsenic concentrations. Error: 25% (As  

100 µg/L), +/- 50 µg/L (As>100 µg/L), and +/- 10% (conductivity). Solid red line: Nepali arsenic 

drinking water standard (50 µg/L).  
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Figure E-7: Groundwater electrical conductivity vs. groundwater chloride concentration. Error: +/- 10% 

(chloride) and +/- 10% (conductivity). 

 

 

 

 

Figure E-8: Groundwater hardness concentrations (as CaCO3) vs. electrical conductivity. Error: +/- 10% 

(hardness) and +/-10% (conductivity). 
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Appendix F: Results of other measured parameters:  

 

The correlations of filter flow rate and filter age against effluent filtered water arsenic 

concentrations are shown in Figure F-1 and Figure F-3. The user survey (Appendix B) was 

recorded to observe if there were any social, geographical or distribution factors also associated 

with the performance of the KAF. Clusters of well performing or poor performing filters were 

observed in 8 out of a total of 15 villages tested (Figure F-4).  There were no observed 

correlations with the filter performance and the distribution organization of the KAF, the 

reported number of users and the reported volume of water filtered per day (Figures F-5, Figure 

F-6 and Figure F-7). However, a reported cleaning frequency greater than 3 months did indicate 

lower filer performance (Figures F-8). It is also important to note that 2 of the 3 well performing 

filters with low reported cleaning frequencies were 3 months old so they may have not needed 

cleaning yet.  

 

  Also, all filters were reported to have well rusted nails by the observation of ENPHO 

staff. In addition, each filter corresponded to only one household and all but a few households 

reported to use the filter each day. Those households that did not use the filter each day stated 

that this was only in the winter season since the raw groundwater was much warmer than the 

filtered water.  

 

 
Figure F-24: Filter flow rate vs. filtered water arsenic concentrations. Error: +/- 25% (As  100 

μg/L), +/-50 μg/L (As >100 μg/L), and +/- 0.5 L/hour (flow). Solid red line: Nepali arsenic 

drinking water standard (50 μg/L).  
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Figure F-25: Histogram of filter age groups (years). 

 

 

 

 
Figure F-26: KAF age vs. arsenic concentrations in the filtered water. Error: +/- 25% (As  100 

μg/L), +/-50 μg/L (As >100 μg/L), and +/- 0.5 years (age). Solid red line: Nepali arsenic drinking 

water standard (50 μg/L). Note: filters of age “0” refer to filters under a year old and installed in 

2010. 
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Figure F-27: Arsenic removing performance of the KAF in each tested village. Performance was 

measured though the effluent arsenic concentrations compared to the Nepali standard of 50 µg/L.  

 

 

 

 

Figure F-28: Arsenic removing performance of the KAF by distribution organization. NRCS = National 

Red Cross Society (Nepal); FFF = Filters for Families (Nepal); RWSSSP = Rural Water Supply and 

Sanitation Support Programme (Nepal); DWSS = Department of Water Supply and Swearage (Nepal).  
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Figure F-29: Arsenic removing performance of the KAF by reported number of users per household.  

 

 

 

Figure F-30: Arsenic removing performance of the KAF by reported volume of water filtered.  
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Figure F-31: Arsenic removing performance of the KAF by reported cleaning frequency. 

 

 

 

 

 

 

 

 

 

 

 

Appendix G: Raw Data Used in Filter Analysis  

 

The following data in pages 35-38 includes the 101 filtered water (FW) samples and 79 

groundwater (GW) samples corresponding to the 100 different KAF tested on the field. Filters 

that were not included in the analysis due to low influent arsenic concentrations, high flow rate, 

or mechanical malfunctions are not included in this data sheet.  
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Appendix G: User Survey Raw Data 

The following data in pages 40-47 includes the survey data for the 100 households corresponding 

to the 100 different filters. Sample number 53 corresponding to the same filter as sample number 

43 was not included. Also, filters that were not included in the analysis due to low influent 

arsenic concentrations, high flow rate, or mechanical malfunctions are not included in this data 

sheet.
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Appendix H: Data of Samples Not Used in Present Study 
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