
Beyond appropriate technology: Social considerations for the
sustainable use of ArseniceIron Removal Plants in rural
Bangladesh

Ingrid M. Sorensen*, Edward A. McBean
School of Engineering, University of Guelph, 50 Stone Rd., Guelph, ON, Canada

a r t i c l e i n f o

Article history:
Received 30 May 2013
Received in revised form 23 October 2014
Accepted 24 October 2014
Available online 15 November 2014

Keywords:
AIRP
Arsenic
Sustainability
Appropriate technology

a b s t r a c t

With increasing recognition of failed water and sanitation projects in developing countries,
it has become apparent that appropriate technology is often insufficient to create lasting
water infrastructure. Specifically, low sustainability of household ArseniceIron Removal
Plants (AIRPs) in rural areas of Bangladesh is examined. In the village studied, less than 40
of 135 AIRPs, installed three years ago, are being used and maintained regularly. Further,
performance of those still being used has decreased by 10% in terms of arsenic removal.
Discussion with village residents and with the implementing NGO indicated that the most
common reasons for discontinued use of the units was water scarcity and maintenance
difficulties of the AIRP. Behavioural motivations of households who discontinued or
decreased use of the AIRP are discussed. Changes to AIRP design and program imple-
mentation are suggested to increase sustainability.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The concept of “appropriate technology” has been a
model for development since its inception by Ernst Frie-
drich Schumacher in 1973 [1]. Schumacher introduced the
concept in his well known book Small is beautiful: Eco-
nomics as if people mattered. He outlined that appropriate
technology should be small scale, labour intensive, low
capital, energy efficient, and controlled by the local com-
munity. At its outset, appropriate technology renewed ef-
forts and inspired well-meaning engineers to design new
technologies for remote and rural areas.

Despite efforts to produce appropriate technology,
today there remain countless examples of neglected and
abandoned water projects throughout developing coun-
tries. A study on hand pumps in Sub-Saharan Africa found

that between 10 and 70% are out of service, at any given
time, with the percentage varying by country [2]. This
represents a loss of 215e360 million USD [3]. Kleemeier [4]
found that it was not unusual for more than 50% of tap-
stands on gravity-flow water distribution systems to be
non-functional after approximately 15 years in use, a time
disproportionally low to the lifetime of the hardware.
Point-of-Use (POU) technologies have also been susceptible
to abandonment; Sobsey et al. [5] reviewed six POU tech-
nologies and found a sustained usage rate as low as < 10%
for some treatment technologies, such as coagulant/chlo-
rine systems and the SODIS method.

In this regard, it is clear there are factors beyond the
appropriateness of a technology that influence sustain-
ability of water treatment in local communities. A number
of studies have discussed sustainability [4,6,7], citing crit-
ical factors including affordability and community partici-
pation. Sobsey et al. [5] suggest that the success of POU
technologies hinges on their capacity to produce sufficient
quantities of low cost water from various sources, and on
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the ability of users to access replacement parts. Additional
studies show that users prefer POU technologies that are
“easy to use,” and require only a one-time purchase [8,9].
Murphy et al. [10] advance the discussion of sustainable
technologies by pointing out that what constitutes
“appropriate” is influenced by many factors, including
climate change, gender issues, widespread disease, and
rapid population growth. Few studies, however, have
focused on the behavioural motivations of users who
choose to continue or discontinue use of a particular
technology.

The study presented here reveals low levels of sustain-
ability for a household ArseniceIron Removal Plant (AIRP)
program in Bangladesh. In the process of collecting data on
use and efficiency of AIRPs in a particular Bangladeshi
village, it became apparent that the majority of AIRPs were
in disrepair. Discussion with the NGO responsible for
installation of the AIRPs confirmed that less than 40 of 135
AIRPs installed in 2009 were still in use in 2012 (approxi-
mately 30%). Moreover, with the aid of a paired t-test, it was
determined that the arsenic removal efficiency of the AIRPs
still in use had decreased by an average of 10% (a ¼ 0.05;
n ¼ 5). These values are contrasted against the predicted
lifetime of 15 years for a household AIRP [11].

This paper reports on the failures of AIRPs in one specific
village of Bangladesh and the reasons behind it. In partic-
ular, the behavioural motivations of users are examined
and discussed. The intent is to stimulate discussion
regarding sustainability of development projects and illu-
minate the social factors involved in mitigating risk,
particularly in the case of arsenic-contaminated drinking
water supplies.

2. ArseniceIron Removal Plants e program
implementation and follow-up

Household AIRPs are simple POU filtration units
designed to remove naturally occurring arsenic from
groundwater (Fig. 1). AIRPs are composed of two concrete

tanks: a larger aeration tank, and a smaller filtration tank,
containing coarse sand, charcoal, and brick chip media.
Raw water entering the aeration tank from the tubewell is
passed through an aeration tray, which introduces oxygen.
Oxygen subsequently oxidizes ferrous iron, causing the
formation of insoluble iron-oxide flocs, to which arsenic
adsorbs. The filtration tank removes any remaining iron-
oxide flocs, which did not settle out in the aeration tank
(Fig. 2). A tap on the midpoint of the filtration tank is used
to access the treated water. The water in the aeration tank
must be regularly replenished to maintain a water level
above the tap on the filtration tank. A household AIRP has a
capacity of approximately 350 L.

The AIRPs were distributed to the village beginning in
2009 by a local NGO. Due to funding constraints, the
tubewells were not directly tested for arsenic at the time of
installation; however, broad studies performed by the
Bangladesh Arsenic Mitigation Water Supply Project
(BAMWSP) confirmed that groundwater in the area con-
tains high concentrations of arsenic.

The AIRP program was funded by a one-time endow-
ment from an international development agency. Infor-
mation meetings were held prior to and during program
implementation. The program required that beneficiaries
interested in receiving an AIRP provide approximately 30%
of the cost. Since the cost of an AIRP is 5500 taka
(approximately $70 USD), this equated to a contribution of
1500 taka (approximately $20 USD) from the beneficiary.
This cost was thought to be prohibitive to some households
in the community. Staff from the NGO reported that those
who participated in the AIRP program earned a monthly
income of 10 000e20 000 taka, while the average income
of households in the village may have been as low as
2000e3500 per month [11]. The NGO encouraged residents
receiving the AIRP to share its benefits with poorer
neighbours.

The tanks for the AIRPs were composed of concrete
latrine rings and were locally assembled by trades people.
By the end of 2010, 135 AIRPs had been installed and the
project completed. Two field technicians were hired and
paid by the NGO to monitor the condition of the AIRPs and
to aid in repairs on an ongoing basis. Beneficiaries partici-
pated in group training for cleaning andmaintenance of the
AIRPs. The NGO reported that one woman and one man
were trained in proper operation and maintenance for
every AIRP installed [11].

Monitoring of the village in 2009 reported that the
AIRPs experienced high social acceptability and that both
men and womenwere observed to use the technology [10].
In late 2009, near project completion, only two AIRPs were
reported to be unused. The reason given for the unused
AIRPs at this time was disagreement within the household
as to whether the AIRP was necessary [11].

In 2011, the field technicians were laid off due to funding
constraints within the NGO. Further, by 2012, less than 40
of the 135 AIRPs in the village were still being used, indi-
cating that over 70% had been abandoned. Using GIS and
GPS points, AIRPs monitored in 2009 were matched to
those monitored in 2012. The arsenic removal efficiency
universally declined in these AIRPs, showing a decrease
between 3% and 19%. This corresponds to an averageFig. 1. Typical AIRP.
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