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I. Background

In the past two years, HMG's Water Supply and Sanitation Division Office in Nawalparasi
with the help of UNICEF has done considerable investigative research into the presence of
arsenic in this district’s tube wells. This research has shown that arsenic contamination in the
shallow aquifer tube wells is indeed present at severe levels in parts of the district. These
findings indicate a serious threat to the health of the resident population. For this reason,
WSSDO Nawalparasi wishes to investigate and implement arsenic mitigation methods in the
field. Several small-scale mitigation measures have already been developed in South Asia
and Nepal, such as the 3-Gagri filter, Arsenic Biosand Filter (ABF), modified dug wells,
collection of rain water, and other types of arsenic removal plants. All of these mitigation
techniques show limited success in the areas where they have been implemented. Therefore,
it is important for WSSDO 1o take into consideration the specific advantages and
disadvantages of each technology it considers using in order to best meet the needs of the

communities suffering from arsenic poisoning in Nawalparasi.

Project Description and Objectives

This project focused on investigating the ABF as an effective mitigation technology for
arsenic contamination removal. In anticipation of future mitigation efforts for arsenic,
WSSDO Nawalparasi tested the ABF with two main goals in mind. Our first goal was to test
the capability, efficacy, and lifetime of the filter components. By “capability” we refer to the
reduction of high concentrations of dissolved arsenic 1o acceptable or negligible amounts that
are safe to drink. The arsenic-removal capacity of the filter has already been tested and
proven by the ABF filter designer. Tommy Ngai and his team, in 2003' through a series of
experiments in the lab and ficld. For this part of the investigation, our experiment worked to
confirm Tommy Ngai's findings. By “efficacy” we refer to how many months the filter will
sucecessfully remove arsenic; in other words, we want 10 find if the ABF has a “saturation
point™ over time. Hypothetically, since there is a finite amount of arsenic removing media.
there should also be a finite amount of arsenic this media is able to absorb. It is expected that
over a period of time the media will become more laden with arsenic, and therefore will
absorb it less effectively. At some point, the amount the media can absorb will fall 1o a value

less than is safe to drink. In other words. over time the effluent filter water will have

Ngai, Tommy; Walewiik, Sophie, “The Arsenic Biosand Filter Project: Design of an Appropriate
Household Drinking Water Filter for Rural Nepal.™ July, 2003
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increasing arsenic content, eventually reaching above 50 ppb. This is the saturation point.
Our data, taken over a suitable period of time, should reveal the saturation point and therefore

the approximate lifetime of the arsenic-removal media.

Our second objective was to observe and assess the ease with which the filter can be operated
and maintained, identifyving what advantages or disadvantages exist. These observations will
be instructive to us while preparing training, implementation methods, and activities. It will
also help WSSDO give better support to users if this office decides to use the ABF

technology for mitigation measures in the future.

The general set up of our experiment was as follows. We tested two filters for a total of four
months. This testing period was split into two Phases lasting two months each, from
November to January (Phase 1), and again from February to March (Phase 11). Between the
two phases we briefly paused and assessed the progress of the experiment, making necessary
changes. For the duration of each of the two-month phases, we charted the arsenic
concentration of the tube well water (influent) against the filtered water (effluent.) The two
filters differed in characteristics: one filter had 2.5 kilograms of arsenic-removing material
(rusted iron nails), and the other had 5 kilograms of nails. Also, the source of the water
differed for each filter, although the arsenic concentrations of the wells were approximately
the same and were intended to be similar for each filter. From this data we hope to be able to
estimate the “removal proficiency lifetime™ of the active ingredients. There was no “control”

filter set up in this experiment.

111. Methods

In order 10 obtain good results that reflect the conditions in the field while taking into
consideration the limitations of time. staff, and transportation, certain requirements for filter
placement and design were made. First, the filters were placed in locations where the influent
tube well water at a concentration more than 250 ppb. This minimum limit represents an
approximate average of filter contamination in villages of Nawalparasi without being too low
for good observation of arsenic removal potential. Furthermore. a higher concentration of
arsenic in the experimental wells would theoretically show the efticacy and lifetime of the
filter in a shorter period of time. As our experiment was limited by time restraints, this was an
important consideration il we wished to obtain data that showed evidence of saturation.

Second, the location was limited 1o the immediate Ramgram Municipality area (i.e. wards
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2,3,5) due to our transportation, time, and staffing restraints, These households had reliable
alternative sources of arsenic-free water (such as a connection to the WSSDO piped water) so
that the families would not form a dependency on the filters that would prove difficult at the
end of the Es:arch period, and when the filters would be removed. La_;'.ﬂy, different quantities
of arsenic removing media (iron nails) were added to each of the two filters. This requirement
would give good comparative data on how the quantity of nails affected the removal capacity
of the filters. Therefore, one filter contained 2.5 kilograms of nails while the other contained
5 kilograms.

Testing the wells and the filtered water for fecal coliform content was also considered during
this project, but dismissed due to lack of testing materials and time. Furthermore, a bacterial
count test performed by Tommy Ngai during Phase II of testing showed that there were no
bacteria in Tube Well A. Tube Well B was not tested. This led us to conclude that, for at least

one well, bacterial tests would be unnecessary.

3.1 Tube Well Selection and Filter Locations

The two tube wells used for filling the filters were initially selected based on the arsenic
concentration measured in the wells with the ENPHO Arsenic Field Test Kit*. This level was
required to be above 250ppb in order to reflect the condition of most contaminated wells in
Nawalparasi and to represent a reasonable average. Therefore, first referring to arsenic
concentration data collected by WSSDO in 2002°, several wells within Ramgram
Municipality that had showed concentrations at or above 250 parts per billion (ppb) were
selected. Upon visiting and testing the wells again with the ENPHO Kit, two wells exhibited
arsenic concentrations of 300 ppb. This level was satisfactory for further testing of the ABF,
and these two houscholds were requested to cooperate with our experiment by placing the
two ABFs in their homes. The two houses and their wells were located within 30 meters of
one another, and were the homes of medium to large-sized families. Neither family actively
used the water from the filters as they already were connected to the arsenic-free piped water
supplied by WSSDO. This was deliberate, as we wanted to discourage dependence on the
filter. During the testing. the two wells generally exhibited similar arsenic concentrations,
although those concentrations varied both over time and according to which arsenic tesung

kit was used (See Graphs in Discussion section).

'? Designed by the Environmental and Public Health Organization (ENPHO) of Kathmandu, Nepal
* “Report of Arsenic Test Results™, WSSDO/UNICEF, Nawalparasi. December 2002
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Table I: Filter Location Data

Filter -!E.H.'.-"-.'- - Household mmh% 007 | added Latitude Longitude | ¢ conc. | HH size

300 ppb** 8

1655 | Mayanath Dhungana 5 S5kp | N27°31.82 -| E83°19.67 (ENPHO) | persons

300 ppb** 15
(ENPHO) | persons

B | 1661 | Muna Lal Shrestha 5 2.5ke | N27°31.82 | E83°39.65

* This Serial Number refers to the 2002 arsenic testing done by WSSDO. ** From the previous testing, well
1655 had a concentration of 400ppb and well 1661 had a concentration of 350 ppb.

Two cement ABFs were constructed at each home in a partially protected location (i.e.
protected from sun, rain, being knocked over, or in the way of daily activities.) They were not
placed inside the homes, as the families were not actively using them for drinking water. The
filters were labeled, and two fifteen-liter buckets were measured and marked to deliver 10
liters of water per bucketful used in the filter. A form was created to help the families keep
track of the amount of water they added to the filter daily. During Phase |, a minimum of 30
liters per day was set in order to reflect the average drinking water usage by a medium-sized
family (6-8 members) per day. During Phase II, this minimum was raised to 40 liters per day
according to our observations. The families were instructed how 1o use the filter, bucket,
form, and asked to fill the filter with 2-3 buckets of water (20-40 liters) daily. The testers
added another 20-30 liters each day to meet the goal of 40 liters per day.

3.2 Filter construction
Two ready-made cement filter moulds were purchased in the Parasi bazaar area and
transported by cvcle rickshaw to Driver Tol, about half a kilometer to the west. These moulds
had already been cleaned and sterilized using a chlorinated wash, as could be verified by the
smell of chlorine in the cement. The moulds were positioned within the compound at each
house, cleaned out with a solution of detergent, and then rinsed thoroughly with water. After
washing hands. the imernal filter materials, pre-washed and pre-packed by the distributor
(Nepal Red Cross Society), were added in the following order:
1- Small gravel — up 1o 5 cm thick (no water added at this point)
2- Medium-grain sand — up to 5 ¢m from the ledges where the diffuser box sits. As
sand was added. water was also poured in so that the sand was effectively added 1o
water, This allowed the sand to fall evenly and prevent air holes from forming.
3- lron shoe tacks. 13mm “blue” - in a metal diffuser box suspended 5 em above the
level of fine sand. No polyester cloth was added between the nails and the bottom of

the box at the time, although recommended by the designer of the filter. It was added

later, for the second two-month testing period.



ABF Performance Report - Page 5
4- Brick pieces — 20-30 pieces placed on top of nails to buffer the force of the water as
it entered the filter. This would keep the nails from being scattered when water was
added.

Figure 1: Diffuser Box Set-up (shown in layers)

Mails

Polvester Cloth

Brick pieces

Note: during use, each layer was evenly spread over the bottom of the diffuser box.

3.3 Filter Testing and Test Kits

The filtered water (effluent) was tested every other day (once every two days). and the wells
(influent) were tested once every week. Two types of arsenic field test kits were used: the
American HACH Arsenic Test Kit and the Nepali ENPHO Arsenic Field Test Kit (See
Figure 2). The HACH kit has the highest accuracy for arsenic concentrations between 0-50
parts per billion (ppb). The accuracy range for the ENPHO Kit is either unknown or has not
vet been established. In the first week of Phase | (Nov-Dec) the wells and filters were tested
with the Nepali ENPHO kit. After that, the American HACH Kit was used to test both the
wells and filters for three and a half months through Phase | and Phase 11, after which our
supplies had exhausted. After this point we reverted back to the ENPHO Kit for the remainder

of the testing.

Once during Phase 1. the Wagtech digital Arsenator was used 1o test the arsenic
concentrations of the wells as the accuracy of the HACH and ENPHO field Kits were coming
into question due to the divergent results gotten from them. The Arsenator has best accuracy
for concentrations between 0-100ppb,. which register digitally. For values greater than

100ppb. a dilution is required, and the result compared against a colorimeter chart as with the
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other two field kits. Since we could not test the tube well water using the Atomic
Absorption Spectrophotometer (AAS), the Arsenator was felt to be more accurate than both

the HACH and ENPHO field kits and would help verify our results from those kits.

2: Test kits used

Figure

HACH Kit (American) ENPHO Kit (Nepal)

Wagtech “Arsenator” Test Kit

3.4 Flow Rate Measurcments

During Phase 1, the flow rate of the wells was not measured consistently. A few

measurements were taken, although without much accuracy. This measurement was added to
the data collection process during Phase 11 and after the filters had been cleaned. The flow
rate was gauged

using a simple, measured one-liter container and a waitch with a second

hand. After adding a1 least 20 liters of water to the filter, the water was captured in the
measuring container for exactly 60 seconds. This measurement was then converted into Liters
per hour (LMr) in order to make accurate comparisons. Previous observations made by

Tommy Ngai. et al suggested that a minimum flow rate of 10 L/hr should be allowed. This

[
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minimum appeared to be satisfactory among the users he surveyed. If the rate drops below

this, the filter is less than efficient and needs to be cleaned.

Figure 3: Measurement of Flow Rate

3.5 Filter Cleaning

The filters were cleaned afier Phase | was completed, At this point it was felt the flow rate

had slowed below an efficient level. This was an intuitive judgment as we were not taking

direct measurement of the flow rate at the time, and very similar to what villagers would do
while operating and maintaining their filters. The method of cleaning was as follows:
1- Make sure the filter is not full of water and has stopped draining.

2- Remove the diffuser box holding the nails and set aside.

3- With your hand. gently disturb the top layer of sand until the sitting water is murky
with dirt, sand, organic matter, and iron dust.

4- With a small cup or jug remove the murky water from the filter. Ideally, dump this
waste into a pit that contains cow dung, as recommended by Tommy Ngai, et al®. This
precaution, however, not followed here, the waste being dumped in a roadside ditch
outside the house compound

5- Carefully add water to the filter again, and repeat steps 3-4 two more times.

G- Pour nails into a bucket or other large bowl and rinse with clean water. Drain and

rinse three more times to remove any dirt and particulates.

MNeail, Tommy: Walewijk. Sophie. "The Arsenic Biosand Filter Project; Design of an Appropriate
Household Drinking Water Filter for Rural Nepal.™ July, 2003. Confirmed by observations with
Tommy in the field.
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7- Replace the polyester cloth and return the nails to the diffuser box, spreading them
evenly. Note: there was no polyester cloth before the cleaning, but we placed one in
each filter after the cleaning process, as recommended by the designer.
8- Replace the diffuser box in the cement It"rnme and flush the filter twice with about 20

to 30 liters of well water each.

IV. Discussion and ults

NOTE: Please refer to Appendix A for complete data tables.

4.1 Recommended Changes made after Phase |

Testing during Phase 1 (November to December) proved to be useful in observing filter
construction and transport problems, allowed time for the recommended one month necessary
to prime the filters®, and later helped us to improve the experiment. It was clear after Phase |
that a much longer experimental period was necessary if we wished to see the results we
hypothesized, namely a saturation of the filters and a decrease in their ability to remove
arsenic. For this reason, we decided to carry on the project for another two months, or Phase
I1, in the same location. Ideally, for more accurate testing purposes, it would have been best if
the filters could have been moved to another location that shows higher arsenic
concentrations in the influent tube well water, Moving the filters again, however, was 100
difficult as moving the empty cement moulds alone was backbreaking work in the first trial:
1o move them while at the same time trying to preserve the internal layering of sand would
have disrupted the experiment unnecessarily Therefore, testing was continued in same
location. We also increased and stabilized the amount of water added to the filter each day to

40 L. which we felt reflected the drinking water use of a 6 to 10 member family in the

village.

In Phase 11, measurement of the flow rate was also added to our experimental objectives.
From this data, we hoped to determine how often users would need to clean their filter
svsiems. We also had a bacterial count performed by Tommy Ngai's team for one well and
filier, Tube Well and Filter A, to gauge whether we should add this measurement into our
experimental objectives. It was found that both Well and Filter A were without fecal coliform
contamination, and therefore the idea of also testing for bacteria was dropped. It would still

be 4 very valuable to test bacteria removal in future experiments, however, particularly to see

* Tommy Ngai, et al.
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if the collection of iron dust on the sand layer disrupts the filter's long term ability to
remove microorganisms.

4.2 Affect of Filter Cleaning

The filters were cleaned afier the completion of Phase 1. By this time the flow rate had visibly
and significantly decreased. At the time of cleaning, the rate was only 3.5 L/hr (the minimum
acceptable is 10 L/hr) and a layer of fine, particulate iron had collected on top of the sand
layer. This clay-like layer probably accounted for most of the slowing in the flow rate. As we
were not performing tests on the bacterial removal capability of the filter there is no data on

how cleaning affected the bacteria removing capacity of the filter.

4.3 Filter Efficacy Performance

Graphs / and 2 show that the arsenic removal capacity of the two filters was very reliable.
For the duration of four months (Phase | and 11) both filters removed arsenic to below the
Nepal Interim Standard value of 50 parts per billion (ppb). Filter A with 5 kg of nails showed
close to 100% removal proficiency, consistently removing all the arsenic from the water.
Filter B with 2.5 kg nails performed at around 95% removal proficiency, leaving an average
arsenic concentration of 10ppb in the water dailyv. This value is below the Nepal Standard,
and just meets the WHO standard of 10 pg/L (or 10 ppb).

Graph 1:

Arsenic Conc. Comparison between Tube well A and Filter A
November 2003 to March 2004
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Graph 2:
Arsenic Conc. Comparison Between Tube Well B and Filter B
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Graph 3:

Arsenic Concentration of Effluent for Filters "A" and "B"
November 2003 to March 2004
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The amount of water added daily was different for Phase | and Phase I1. Filter A had a mean
average of 30.7 L added daily for Phase 1, and 37.3 L daily in Phase I1. Filter B had a mean
average of 35.2 L. added daily for Phase 1, and 41.6 L daily in Phase I1. Filter B generally had
higher levels of water ;!-ﬂd':d because the family of the house where it was plac:-;i was large
and had many daughters-in-law. The home where Filter A was place only had one daughter-

in-law and half the members, therefore making it more difficult for them to keep up with the

volume of water needing to be added.

Unlike the tube well concentration data, both kits reported very similarly for the arsenic
concentration of the effluent from the filters. This is most likely due to the fact that the
effluent arsenic concentration fell within prime accuracy ranges of both kits. In the data
below, arsenic concentration values tested by both the ENPHO and HACH Kkits are arranged
without discrimination as they fall very close to one another. The mean average arsenic
concentration of the effluent of Filter A was 0.6ppb for Phase | and 0.2ppb for Phase 11. Filter
B had a mean average concentration of 5.6ppb for Phase 1 and 7.7 for Phase 1. The two
filters show slightly opposing trends between the two Phases. The concentration trends for
Filter B are more significant as less arsenic was removed from this water. The marginal
increase in arsenic concentration from Phase | to Phase Il may be due to the increase in water

added daily to the wells (from approximately 30 L/day to 40 L/day.)

4.4 Well Concentration Fluctuations

During the course of the four months the tube wells were tested once a week. We found that
the arsenic concentration of the wells varied over time, as shown in graphs 4 and 5. Some
fluctuations seemed to be linked to the time (or season) when the well was tested, while other
fluctuations seemed to depend on the test kit used. The data points from the first three weeks
of Phase L. for example, are tested with the ENPHO kit for both well A and B. The initial test
shows a concentration of 300 ppb for both wells, but the subsequent test, two weeks later,
exhibits a significant drop. The concentration of Well A decreased by 33% down to 200ppb,
and that of Well B down by 58% 10 a low of 125ppb. Three to four months later in Phase 11,
in the middle of the driest season of the year, the concentrations reported by the ENPHO kit
shot back up to 300ppb. This observation makes it appear that there are serious fluctuations

in the aquifer arsenic concentration with time.
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Graph 4:

Arsenic Concentrations (by ENPHO kit) of Tube Wells A ai
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Graph 5:

Arsenic Concentrations (by HACH Kit) of Tube Wells A and B
November 2003 to March 2004

250

200

150

100

Mﬂ*ﬂﬂ -~ lt“ﬁ arg an
n.p?m-mhm

Nov Nov Dec Dec Jan Feb Feb Mar
Maonth

—Tube Well & = = = Tube Wel B



ABF Performance Repon - Page 13

Looking at the HACH kit results, however, one sees fluctuations but not as extreme as those
reported by the ENPHO kit. They also do not occur at corresponding times. Instead, there
seems to be a general -avurage at a concentration of 100ppb for the results produced by the
HACH kit. The most noticeable fluctuation for all test kits occurs in early February (Phase
11), when there is a general increase in the arsenic concentration of the wells. This sudden
increase is unexplained, and the concentrations for both wells quickly stabilize and return to
100ppb afterward.

It is felt that the ergonomics of the HACH kit can cause errors in the testing when using lead
acetate. Generally, we did not use the lead acetate, a reagent meant for removing sulfur
contamination, because of the difficulty and because after adding Reagent 1 and then
smelling the mixture for a “rotien egg™ odor (the procedure recommended for detecting sulfur
contamination) usually produced negative results. The difficulty is this: the lead acetate must
sit suspended in a cotton ball just underneath the mercury bromide test paper. If this cotton
touches the paper, it can cause discoloration and a misreading of the results. Yet, there is no
barrier between the cotton and the paper, and no good way to secure it. It is very easy to
accidentally place the cotton too close to the paper and disrupt the results of the test. Also.
there were times when testing the water showed there was no sulfur present, and other times

when it did. All of these difficulties may have decreased the accuracy of the HACH kit

results.

The variation over time of the arsenic concentration in the tube wells takes away from the
consistency of the data. The dramatic drop in the first few weeks of Phase | (in the ENPHO
results) and subsequent stabilization cannot be explained with clarity. Further testing using a
more reliable technology. such as AAS, was unavailable, leaving conclusions open. We did
attempt to verify the results of the two kits using the Wagtech “Arsenator” Field Test kit
during Phase 1. The Arsenator technology is similar to that of the ENPHO and HACH ki,
but with slightly more reliability as it reads values between 0-100 ppb digitally. Above that
limit. the Arsenator uses a colorimetric scale just as the other kits. The Arsenator confirmed
that the wells were above the Nepal Interim Siandard of 50 ppb. and also above 100ppb. It
did not. however. confirm that both wells registered above 250pph. For Tube Well A, the
arsenic concentration registered at 200ppb. For Tube Well B, the concentration registered at
250ppb.
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In the end, all three test kits produced results in the same range (greater than 100ppb,) but
rarely the same result came from all three at once. This error may have been due to the
accuracy of the field kits, as related to their relative ranges of accuracy, as well as human
error in reading the colorimeter scale. The ql.-mlit)' of the errors were not tracked, however, as
the kits were not always used to test the wells simultaneously. It is not clear what
circumstances may have caused these changes, although there may be some connection to the
level of the water table at the time of testing. As the season became drier, the concentration of
the well appears to have increased. However, it is difficult to make any conclusions on this
point without consistency in the testing process and without a more reliable test, such as with
AAS, to compare against.

The fluctuating values of arsenic concentrations in the tube wells affect this experiment
directly. First, it brings the reliability of the test kits into question, at least for arsenic ranges
above 100ppb. Second, it makes our testing less reliable for predicting the efficacy and
lifetime of arsenic removal of the filter for high-level contamination in villages. Our aim was
to test wells that had arsenic concentrations greater than 250ppb. It was felt that this level
would be high enough to reflect the condition of most contaminated wells in Nawalparasi.
Furthetmore, if the.concentration of the experimental wells are tou low, the efficacy and
lifetime of the filter should theoretically increase, making it imperative to test for a much
longer period of time before seeing the expected hypothetical results of saturation. However,
the differing trends in the tube well concentrations degrade the overall data. The well
concentration is too low for the purpose of our study. Both kits reported concentrations less
than 250ppb for the majority of the four-month testing period. A low well concentration is
not inductive to finding a saturation point or lifetime of the arsenic removal media, especially

for removal capacities at higher concentrations.

4.5 Filter Saturation Point and Lifetime -

This experiment produced no data indicating that the arsenic removing media (iron nails) had
reached a saturation point in removal ability. Throughout the four months of testing, the
filters removed 95-100% of the arsenic content of the water, depending on how much media
was in the filter. This could mean two things: first. the hypothesis is false, and no saturation
point exists for the iron nails in the filter. Second. not enough time was available to get the
results. In order to make a conclusion, this experiment must be extended for as long as
necessary, probably not less than a year of continual testing 1o find whether there is evidence
of saturation. In this case, it would be beést to transfer the filters to wells that have an arsenic

concentration higher than 250 ppb for timely results. The inaccuracy and relatively low value
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of the arsenic concentration in the wells may have also contributed to a lack of saturation
point results.

4.6 Flow Rate Observations—

The only instances where the filters were measured at flow rates less than 10 L/hr was during
Phase | and just before filter cleaning. The flow rate seemed especially slow directly before
cleaning, at a rate of 3.5 L/hr. The following Graph 6 shows the trends in flow rate for the
two filters over the Phase 11, from February to March. Filter B, with only 2.5 kg nails,
showed almost consistently a higher flow rate than Filter A, the only deviation being in early
March when the filmy dust layer that had formed from the nail dust and biofilm above the
fine sand layer of Filter A was significantly disturbed by the testers. As the graph shows,
once the dust settled again the flow rate dropped back to normal.

Graph 6:

Flow Rate of Filter A and B Over 2 Months
Directly following a Filter Cleaning

Feh Feb Mar Mar

e Filter & = = = FllarB

According 1o the data from Phase 11 (See Appendiy 4). it appears that the flow rate also may
have a direct affect on the removal efficiency of the filter. When the water was moving
through the filter at rates greater than 30 L/hr. it seems that the removal was less efficient.
This trend is particularly evident in the results from Filter B (2.5 kg nails), which consistently
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showed higher effluent arsenic concentrations that Filter A. This observation would
correspond with those made by Tommy Ngai, et al, and the assertion that the water must have

some prolonged contact with the nails and with air to remove arsenic effectively.

It is notable that the few flow rate measurements taken during Phase | exhibited a very low
rate, less than 10 L/hr in general. It is suggested that the placement of the polyester cloth in

the diffuser box during Phase 11 of testing may have prevented excessive clogging of the filter

by iron dust particles.

4.7 Operation and Maintenance Observations

Several observations were made concerning O&M of the filters. The first thing noticed was
that the filters are heavy, cumbersome, and hard to transport, Even if they are built or molded
close to the final location, moving them into position takes effort. Once the filter is setup in a
location, it cannot safely be moved. Therefore, one must choose the location carefully,
preferably near the well and in the house. An alternative to cement, the plastic model of the

ABF, is more transportable, but less sustainable in the village than the cement filter as they

must be ordered from Kathmandu.

During set-up, there were no written instructions to follow in the proper way for construction.
Correct installation is very important, however, since the method by which sand is added can
drastically affect the flow rate and bacterial removal capacity of the filter. Instructions for

setting up and cleaning should be available and carefully followed.

While using the filter daily, it was noticed that the force of the water poured into the filter
disturbs the nails and leaves holes in the nail cover. This is not good for proper removal of
arsenic. as the nails should cover the bottom of the diffuser box evenly. We added more small
brick pieces on top of the nails as a buffer to remedy this. There was much less disturbance of
the nails afier adding another 1 kg of brick pieces to each of the filters. The brick pieces
covered the nails entirely in a layer about 5-6 cm thick. Still, it was necessary to occasionally

rearrange nails before adding water, especially in Filter B with only 2.5 kg nails.

The polvester cloth, added before Phase 11 of testing, seemed to decrease the amount of iron
dust. filaments, and nails that fell through the diffuser box and onto the surface of the sand.
This seemed to keep the flow rate higher for a longer period of time. It is possible, however,
that over time the water could be slowed while going through a clogged cloth rather than a

clogged sand layer. This might depend on the quantity and size of the iron particles.
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The filter flow rate ran at an acceptable rate (greater than 10 L/hr) for at least two months
(the duration of Phase 11) without needing cleaning. It seems that the filter, when running
properly, may need cleaning only once every two months at the most. Cleaning the filter once

a month is unnecessary, especially as cleaning temporarily disrupts the bacteriological

removal capacity of the filter”.

Conclusions and Recommendations

5.1 Conclusions

The Arsenic Biosand Filter has proven to be a successful temporary technology for removing

arsenic from tube well water in the village. From our tests we see that it very effectively

removes arsenic from the water, reducing it to safe levels for an extended period of time. Our

studies show that with 5 kg of nails added, the filter can remove up to 100% of arsenic in
influent ranges of 100-200ppb for a period up to four months. After construction, the
maintenance of the filter was easy and sustainable, and cleaning was only necessary after 1.5
to 2 months. Cleaning the filter too frequently, in fact, can inhibit its arsenic removing

capabilities by causing the water to flow through the filter too fast.

The ABFs reported ability to also remove bacteriological contamination makes it doubly
useful in the village, where it has been reported that up to 50% of all tube wells are
contaminated with fecal coliform’. Once the ABF is installed and primed, it runs smoothly
and predictably, providing drinking water at an acceptably fast rate, unlike the 3-Gagri filter
technology. The heaviness of the filter also ensures that it will not be easily damaged, and its

presence in the home is significant enough to encourage continued use.

The second objective of this study, namely to find if the arsenic-removing media had a
saturation point, was not met. However, we would strongly encourage further studies on this
subject in order to better serve the people who will be using this mitigation technology for an

extended period of time.

" Tommy, et al.
"Tonmumy, et al, pg. 14 (citing studies from another group.)

"



ABF Performance Report - Page 18

5.2 Recommendations for Future Training in Operation and Maintenance

During implementation of this technology in the village, | would strongly recommend that a
thorough training program be developed. In this program, construction, operation, and
maintenance materials (booklets, posters, cards, etc.) should be developed for distribution
along with the filters. This way, users could refer 1o these materials before applying to
WSSDO or another support agency for help if problems arise. ldeally, it would be best to also
develop a monitoring schedule, either through WSSDO or some other agency, to check the

performance of the filters periodically, as it is not known if they decrease in efficiency over

time.

5.3 Recommendations for Further Testing of ABF Mitigation Technology

We encourage further testing of the ABF in order to find if it has a saturation point, and how
long it takes to reach that point. For better, more accurate results, we have a few
recommendations. Testing should continue for up to a full vear. This testing would be ideal if
it included tests for bacteriological removal, iron removal, and phosphate interference. Prior
to testing, do more research on the test kit specifications and limitations. Be familiar with the
ideal testing range of the kit, and confirm data collected periodically using the AAS
technology. Have enough chemicals provided in the chosen kit to last the entire duration of

the testing period, and test the experimental tube wells several times before beginning testing

to verify that the arsenic concentration falls within the desired range.

Concerning space limitations, place the filters in locations that will more accurately reflect
the lifestyle and space of those who will be using it in the villages. In this trial, the families
were not actively using filters, so did not always add water consistently in the interim days.
Also. they could not make comments on the advantages and disadvantages of the filtered
water (flow rate, taste of the water, case of use, etc.) In the future, set up this experiment in
the home of a family that would actively use the filter and place it in a central location of
their home. The more interaction the family has with the filter. the better we can learn its
operation and maintenance requirements. Also, to reduce labor and lifting, place the filters
closer 10 the well, if possible, and inside the home where it is protected from weather. dirt,

and traftic.

If WSSDO continues to work with the ABF in testing or implementation, | would also
recommend that it pay those WS5DO workers who are assigned to the job, as is naturally

expected and should go withowt saying in any office-related work.




Appendix _/5_\

Complere Date Tables




Append ix— Filter A - Page 12

L'0€ Aep Jad pappe Jajem Jo sia)| abesany
K|Qeadou pamojs SEY ajes Mol| HOVH [\ i} bO-UE[-6 |JOAN/ NG| 19
HOWH DL ] bO-ue[-/ A BS
HOWH 08 001 0 pO-UB[-5 | WWd L5
HOWH 09 0 pO-Ue[-£ AAH G5
HOWH 09 0 p0-ue(-1 g £5
HOWH 0f Dot 0 E0-330-0E | nd 15
HOWH 09 0 EO0-080-82 | Axd 6l
HOWH 05 0 ED-220-9Z | WuE IT
HOWH 09 0 ED-330-bZ | MiE Ch
HOWH 08 001 0 £0-220-ZZ | A 13
HOWH 05 0 E0-220-0Z | A b
HOWH 09 D E0-220-81 | d¥E BE
5|/EU pabuesesas w0l Ui g HOWH 06 z 0 E0-220-97 | MdH LE
HOWH 05 (i 0 £0-390-¢1 | Mid cf
HOWH 09 0 £ED-290-Z1 | @ EC
HOWH [{f] 0 £0-320-01 | Mg 1€
TW00F NuiW S| HDWH Y Bt 001 0 £0-220-8 | AME 67
HOWH 09 0 ED-380-9 | AN LE
7w 007 ulw p| HOVH il £ 0 ED-220-F | WME 57
(id) woor->w g] HOWH 08 z 0 ED-220-z | M8 ¥4
HOWH 0 00T 0 E0-AON-OE | wwa. | 12
HOWH 09 0 ED-AON-BZ | M8 Bl
HOWH 08 0 E0-AON-9Z | WM8 L1
HOWH 0 05 0 EO-ADN-BZ | WME 51
HOWH 09 0 E0-nON-ZZ | M8 ET
s|ieu =i abueneal] HOWH 0s 0 EO-AON-0Z | W48 11
pasn ajejane peaj ou| HOWH il Dot 0 £0-AON-8T | HuE 3
zJaded ugby pue uoROD Usamiaq Pejud ‘UoRM|  HOYH 62 05 0 E0-AON-9T JOAN/AAB| £
yonw oo] aghew "~ Ajuo 153] J|lam aqn) ul aje3aoe pes) Ind
pasn ajejade peaj ou| HOVH LE 5 E0-AON-BT JOAN/MNE] &
OHdNT 51 5 E0-MON-ZT | OAN b
uiebe sjieu pabueueas| OHdINI 0F 5'0 6Z1 £0-AON-TT | OMN 7
3PP ay) ul sapayouq sayd ‘sdeb 1asod 0] sjleu pabueneal| OHINI 0z ] f ED-AON-0T JOANHNE] 1
OHdN3 00E s £0-1°0-6¢ JOAN/AxE| D
597 T T A
= pasn 158| S0UIS (un) ._‘._,._..._5 pada|id o £
SJUALLILLIOD PUB SUOEASSO0D a1ey Hd | e agng aeq 4]
Uy 152 |Pappe Jajem < .u_._nu m
Mol4 ue) sy g
10 5131

ey =, - A

L +E87 © T8 1€ »LTN) 1SBI8d [0, 12A

e3UN0 YIeueABIAL -SIIEN S35 S - 591 'N'S 3 < AUALTIA - 1 seUd

W i - S




Appendix — Rlter A —fage 20

£°LE Aep Jad pappe J1ajem Jo s3]l sbeiaay
“Pnpoud yoabea “uonn|ip Jajje pue aiojeg|iojeuassy | | | [ ooz/+oot | | v0-qad-6 [ usaley |
OHdN3 06 LT - 00E 0 bO-1BW-£ 2 PR 911
OHdN3I 06 81 - 0 bO-1BW-57 AHE vll
OHdN3I 08 [T - ] bO-1BW-E7 438 ZIl
OHdNT (i3] WA 81 - 0 v0-12W-1Z A otl
HOVH 08 WA 81 - 001 0 +0-184-61 AAg BOI
HIVH 08 MET - i pO-JeW-£ 1 HoAd 501
HIVH 08 Wy et - 0 b0-1EW-51 348 vl |
HIVH 06 yn et - 001 0 p0-1EW-E1 AAE 201
OHdN3 08 yAan - 0 b0-1W-11 AAd 001
HIVH 08 yA et - 0 v0-184-6 AAg B6
HOwvH [iE] et - 0 0-181- £ #AH 96
HIVH - 001 bO-JEN-S AHE 13
J2Ae| ysnp/pues jo doj uo wiy puesolq |23 pna) “Awwo) | OHJNI 08 yhasee | - 0 0-18l-b OAN £6
03 Jayiy Bumoys apym ‘p0-£-€ ‘5ake) 1snp auy pagunisiq
. OHdN3 08 141 81 - 0 0-18-Z OAN 16
OHdNT ozl WyAser | - 0 0-034-67 OAN 68
iem bunsay vl aeaoe| HOWH = 001 bO-024-62 OAN 68
peay pasn "Buibuelieal papasu pue pagInisip aiam sjeu
WAY wwyl  HIVH 08 A 6l - i ¥0-934-9¢ DAM a8
noqy ‘pas Ajsnu e jeawsapun’io)od ue) Jyby e doj uo "xoq
woyj sapued J5nd auly Jo 194AR| B S| JeAR| pUEsS ay) Jo doj
pabueueay ;spiy Ag aqiew “pagqunisip asas sped]  HowvH 08 W e 0 $0-QO- & OAN ]
HIWVH DET WL - 0 p0-934-22 OAN 28
153] [|3M U1 13208 pes| pasn|  HOVH whiz | - 001 | v0-994-0Z | OAN 08
|9A3] 2Je Sjleu| HOWH 08 - ] t0-094-61 OAN 6L
13|y 3y uy Jajem buunod uaym papdaye| HOWH 08 WA bE = - 0 t0-0284-£1 OAN i
05 10U MOU 3UB SIEU ‘ABpUEISaA S3113YILG SU0W pappy
"Lanw 00] sjeu abueleal o) pasu jou pid|  HowH 08 1 6E - - ] v0-034-51 OAN S
‘uonenuacuod]  HOWH 08 W 6E - 051 i] pO-aa4-z1 | lewfoan | 24
fi@m Buisa) U 3eja0e peaj 350 O) paau aLun 1xap
HIVH ] yhos - 0 v0-094-01 | Wx8/0AN | 04
“BuiAow WOl spiew Juanaid o) SaEXDMG Al0wWw spaau Ayl HIOYH 06 WA e - 0 #0-0=4-8 OAN 89
‘Il ©7 JUBIUBALIOD 3I0W Pue )i yupp jou pnod sbop ayl| HOWH 09 4 5k g FO-ga4-5 OAM 59
SUIYM SIO0PUI BI3M I J1 JBIEM 3] JULP pays SABS eAely
syeu pabueseay| HOVH [ = 001 0 b0-G94-7 OAN_ | 29
43Ny ayy oy Jajem ja 7 oz buippe Jayje fjuo| OHINI oz «WAGE]| 59 05z 0 b0-G24-7 DAN 79
Palsa) a1l mofd 131y PIUES UBY] "31R4 MDY Pa15a) 15014,
159
pasn | sejaduis | (/) (Qdd) | qd) pasoud 7
SIUSLLIWOD pUe SuoneA3Sq0 Hd | |@m agn) : aeq ] Aeg
104 1521 |P2appe Jajem [21ey Mol Ju0] sy m
U0 sy =
Jo s4=1n

[6€ «€85 | T'1€ 4LTN) Iseled ‘[0, JoALl( “eueSuny

(1 YreueAeIN --S[TBN ST S - SSO1'N'S :V UL TIA - [ 2seyd




Appendix— Rlter B — Paﬂe. 4

7'GE Aep Jad pappe Jajem jO siail abelany
Kiqeaonou pamols Sey ajed moy| HOWH 09 5 vO-uel-6 |OAN/MNE| 19
HOWH 09 5 p0-Ue[-L i | 6S
HOWH 0L 001 0 0-Ue(-5 wag | (S
HIYH 08 0 p0-ue(-£ WHg o5
HOYH 0L 0 fO-ue(-1 WAG £5
HOWH 08 001 0 £0-090-0E | Mg 15
HOWH 0S 0 £0-220-82 | w8 &b
speu pabueleal] HOWH 09 0 £0020-9z | A@8 | Zb |
HOVH 06 5 £0-02Q-pZ | w8 S
Sjeu pabueueal| HOWH 08 001 5 £0-23Q-22 WA" {3
HOWH 0L 5 £0-220-02 Wug Ik
HOWH 09 [i] £0-320-81 | A#8 | 6E
Sj/eu pabueneal 'TWE0T InuiW Z] HOVH 06 £ 01 £0090-91 | Adg_ | L€
S)ieu pabueseal '1'wooT U z|  HOWH 09 £ 001 01 gooea-b1 | @ | SE
. HOVH 09 01 £0-220-21 W48 £E
TW0O0T Ui Z|  HOWH 08 £ i} £0-220-01 L] 1€
311 U G| HOWH 06 [ 001 01 £0-220-8 A8 6L
HOVH 0L 01 £0-220-9 AAd L2
Twpoz WE| HOWH 09 b 01 £0-290-% g | SZ |
Sjieu pebuelieal '1'WEOT W 7| HOWH 011 £ 01 £0-290-2 wig | €2
HOYH 001 0ot ol £0-nON-0E AAd 12
HOWH 08 01 £0-hON-BE g 61
HOWH 06 5 £0-MON-92 WAa L1
HOVH 08 001 S £0-AON-bZ | g 51|
HOVH 08 0 co-ON-zZ | xxa | €1
HOWH 09 5 £0-AON-0Z | 8 1|
Eja0e peaj asn j0u pip]  HOWH 0f 0S 0 EO-AON-BI | g &
JnSal Mo ¢(Jeded JgbH awyl|  HOWH &d L 0 [O-AON-O1 |OAN/AXE| £
payono) UOROD 3l 3GARK “ATNO 53] |[2M Ul S1EYE08 pes| 3nd
3)Eje0e pea| asn J0u PIP]  HOWH 4 01 FO-MON-b1 |OAN/A¥E| S
an|q, WWET 'Pe) 20us| OHdNI 53 3 £0-AON-ET | OAN b
se asodund [euibuo * Bipu] ‘saLSNpU] BUEY, Wol sjieu uod]
OHdN3 o 59 00Z £0-MON-T1_| OAN z
SIPPII U1 SV paid 'saeb [y 0} sijeu pabuelieal| OHdNI 52 5 o1 £0-AON-01_|OANDDIB] T |
OHdN3 00E £0-PO-6C |OAN/NE| 0
cen s (VD (add) | (add) -
1s5€| FoUIs a
SJUBLULLIOD pue SuoReaasqo 1511591 | pappe 1o1em ayey | HA | nem 2qnL pauaipd 21eg w. Aeq
M| *3u0d) sy | ouo) sy =

e I LA T

28 1€ % LTN) 1SeIed

it

Ra.
=

7 199TN'S ¢l MALTIA - 12seUd

kg




Appendix — Filter B — Page 22

*Aep Jad pappe ._Emz._. JO S13717 abesaay

9Ty
“pnpo.d a1 Bep e S1 I "uonnjip Jaye pue aiojaq sbuipeay|iojeuassy | | | | osz/+o01 | | v0-Gad-6 | usaley |
OHdNI 06 WA 81 00E i] b0-18-£ 2 HAg 911
OHdNT 06 47 81 0 #0-4Bj-57 AE b1l
OHdNT 08 wyhaal 01 bO-JBW-£7 WHE ZIn
OHdNT 03 gt 01 bO-JBW-17 ERL] olt
HOWH 08 4181 001 o1 bO-1BW-61 e L] BO1
HOWH 08 /1 81 o1 bO-18W-£ 1 Wi 901
HOVH 06 4181 [¥]] b0-18W-S1 AAH 01
HOVH 08 /81 001 0 0-28-E T HNE Zot
OHdN3I [i7] 4 51 0 - 18- 11 HAH 001
HOVH 06 477 51 0 FO-1El-6 AHH 86
HOVH 08 MKl 01 pO-1EW-¢ HAd 96
HOVH - 001 bO-JE-S HAg (o]
Y| OHdNT 08 el 0 b0~ OAN E6
Jay u peaaddad wiy sy vey) Jusunuosd sS3) 3| e Swaes
OHdN3 [ A E 0 p0-184-7 OAN 6
OHdNF 0Z1 TMEREE ] #0-034-67 OAN 68
"PAUNISIP J0U ‘auy aue speN| OHJINT v 5’9 00E +0-934-67 OAN 68
WA Wzl HOWH o8 o1 +0-924-92 OAN o8
neqy “pad Alsnd e yleawapun‘iood uey yby e doj uo ‘xoq
oy sapxyed 15ns Uy Jo JaAe| e 5) Jade) pues ayl jo doj
'SAep (1-g 4aye shes a0y)o "3|qejiese] HOVH 011 Wi ol t0-034-b7 OAN ]
30U AUBLIND ‘UoOS I HOYH JoJ sayddns ysaly paau [
U HOWH 00z W ZE 0z p0-qa4-£¢ OAN ]
Yuup Juop Aay ) "l ind Buag S| Jajem yani os Aym S| yojym
153] ||am JoJ a1eja0e pes| pasn| HOWH - WA ZE 00z +#0-034-02 OAN 08
pabueLieal "adejd JO In0 sl @ sieN|  HOWH 001 5T ¥0-G9361 | OAN | 6/
Jaem Buunod|  HDOWH 081 AT 51 PO-Q34-£1 OAN L
uaym speu ay) Buigimsip ajow ou ‘SaNaydq oW pappy
Sjleu pagqinjsip pabueleay| HOwH 001 147 05 o1 t0-034-51 OAN St
‘AL AU 31e1908 pes| asn O paau ‘sBba uanou i uabeas] HOWH 0z1 /o5 [ a1 t0-qa4-71 [ Tedwfoan | 7/
Buippe 1ayje Jajesm JOWes [|3m agn] JO [[aws payaay)
HOWH 08 441 65 01 b0-G34-01 [MNE/OAN]| O
S3)1a%3ug aJow spasN|  HOWH 08 W/ LS Sl #0-9a4-8 QAN B9
HOWH Ot €9 S #0-034-5 OAN 59
HOVH 0z 001 S bO-Ga4-2 OAN Z9
J3em Jo 1 0z OHdN3I 0z 59 00z S b0-g24-7 OAN Z9
Guippe Jajje Ajuo paisa) a1ed mof) (310N 'sieu pabueleay
sdeysad “yaawm 1sed ayy Jaso 1)y u Bupus Jsaem plo, Jo
U032 JJUDSIe 3y palsa] ‘a1es Moy Bunsa) saye Jay paueapn
1597
posn | 1sejoous | W (qdd) (qdd) 5
SIUBILIOD pUe SUCIeA3SA0 i uﬂnum S ey | Hd | jlem 2agnl patan4 21eq 2 Aeg
MO U0 Sy | "auod) sy N
:.. AL =-S|TBN §3 331 DSIC - 1991'N'S =f MML'TIA - 11 9S8Y4d






