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ABSTRACT 
 
Performance of two indigenous arsenic (As) removal techniques-Safi filter and Home-based filters (Chari / Pitcher filter)-
designed to serve household drinking water requirement have been evaluated at field conditions and compared with those 
reported in literature. Moderate to good As removal efficiency (> 73%) with the diminution of its concentrations below 
Bangladesh standard of 0.05 mg L-1 were observed. Results revealed occurrence of gradual decrease in removal efficiency 
with the increase of As concentration in the feed water. Though these filters are rated as user friendly and readily available, 
lessening in flow rate of water with the progression of time is a major hindrance to the efficiency of the techniques as observed 
by the users. 
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INTRODUCTION 
 

In Bangladesh, the idea of drinking tube-well water for 
avoiding the threat of water-borne diseases have instead put 
millions at risk from one of the world's most deadly 
poisons–the arsenic (As) (Dhar et al., 1997; Smith et al., 
2000; Rahman et al., 2001; Alam et al., 2002; Bhattacharya 
et al., 2002 & Khan et al., 2003). Drinking As-free water is 
no doubt the best option to alleviate its toxicity and several 
options been proposed in this regard, viz. treatment of 
surface water by low-cost methods, rain water harvesting, 
drinking water from deep aquifers and treatment of As-
contaminated tube-well water etc. All these options require 
major technological innovation in water supply except the 
latter one, through which huge number of tube-wells likely-
abandoned can easily be revitalized. Methods for removal of 
As from water have been highlighted in a number of papers 
(Cheng et al., 1994; Joshi & Chaudhury, 1996; Hering et 
al., 1996; 1997; Hug et al., 2001 & Zaw et al., 2002) and 
reviews (Jekel, 1994; Kartinen & Martin, 1995; Ahmed, 
2001). During the last few years a number of low-cost 
household As removal technologies in context of 
Bangladesh have been developed (Safiullah et al., 2000; 
Khan et al., 2000a; 2000b; Crisp & Chowdhury, 2001 & 
Meng et al., 2001) and some field based evaluation have 
also been done (Tahura et al., 2001; Munir et al., 2001; 
Sutherland et al., 2001; 2002). In this study, we have 
evaluated the performance of two indigenous As removal 
filters namely Safi filter and Home-based filter at field 
conditions installed at Bera Thana of Pabna District and 
compared their performance with some other available 
filters. 

MATERIALS AND METHODS 
 
Overview of the Investigated Filters 
Safi filter. This comprises of two different sized concrete 
buckets-one being placed inside the other (Fig. 1). Water to 
be treated flows from the upper bucket through permeable 
‘candle’ containing As adsorbing chemical substance. The 
lower bucket collects the treated water from which it can be 
fetched by a tap. 
Home-based filters. These are assemblage of earthen Chari 
/ Pitcher and are called Chari filters (Fig. 2a) or Pitcher 
filters (Fig. 2b). As adsorbing medium, brick pellets (locally 
called 'khoa') are used to fill second Chari / Pitcher, while 
sand for third Chari / Pitcher. Water to be filtered is poured 
into the first Chari / Pitcher; passed through the adsorbents 
and flow-regulators (made from old cloths) and then stored 
at the last Chari / Pitcher. 
Collection, preservation and treatment of water samples 
for As estimation. Water samples were collected from 
randomly selected Safi filter and Home-based filters 
installed at ten different localities of Bera Thana of Pabna 
District. Samples were preserved in pre-washed 
polyethylene bottles, adding 0.01% HNO3 L-1 of water and 
kept at 4°C (Anonymous, 1974). All other As forms were 
reduced to trivalent by adding stannous chloride (SnCl2) and 
potassium iodide (KI) solution and then converted to Arsine 
(AsH3) by zinc (Zn) in acid solution in a Gutzeit generator. 
AsH3, made free of hydrogen sulfide gas (H2S), was 
estimated by visible spectrophotometer (UV-visible-160, 
Shimadzu, Japan), using silver diethyldithiocarbamate (Ag-
DDTC) dissolved in chloroform containing 
hexamethylenetetramine as absorbent. This is a modified 
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form of EPA recommended Ag-DDTC-pyridine method. 
Detailed procedure and instrumentation has been described 
elsewhere (Rahman et al., 2003; Chatterjee et al., 1993). For 
cross check, total As content of few samples were also 
measured using atomic absorption spectrophotometer 
(Model–Shimadzu, AA-6401F). 
Statistical analysis. SPSS for Windows (version 11) was 
used for all statistical analyses. Statistical significance was 
considered valid only at 5% level of probability. 
 
RESULT AND DISCUSSION 
 

The efficiency of Safi filter (SF) and Home-based 
filters (HBF) were 86 to 100% and 73 to 82%, respectively 
(Table I) in bringing down the As level in water down to 
Bangladesh safe limit of 0.05 mg L-1. Pearson’s correlation 
coefficient between initial As concentration and percentage 
removal for Safi filter and Home-based filters were 0.803 
and 0.806 (P < 0.01) (Table II). This indicated gradual 
decrease in the removal efficiency of the filters with 
increasing initial As concentration (Table I). The 
observation corresponds with the behavior of some other 
filters at field conditions (Bhattacharyya et al., 2002; 
Petrusevski et al., 2002; Sarkar et al., 2005). 

As reported by Neku and Tandukar (2003), a local 
version of ‘Pitcher filter’ (locally named ‘3-Gagri filter’) 
have also been tried for arsenic removal in some As-prone 
areas of Nepal and 76.5% (Day 0) to 85.2% (Day 14) 
removal have been observed. The iron and turbidity removal 
efficiency of these filters are found very promising, also. 
Though, present study does not include any such 
observation, we can assume that Home-based filters may 

also have the efficiency of removing iron or other impurities 
of the water. 

Sutherland et al. (2001) assessed nine As removal 
technologies i.e. Alcan Enhanced Activated Alumina (AL), 
Aradsha Filter (AR), BUET Activated Alumina (BUET), 
DPHE / Danida 2-bucket System (DPHE / DANIDA), 
GARNET Home-made Filter (GARNET), Passive 
Sedimentation (PASSIVE SEDIM.), Sono 3-kolshi Method 
(SONO), Stevens Institute Method (STEVENS) and 
Tetrahedron (TETRA) at household level in Bangladesh 
context. Performances of those technologies were judged 
against some pre-set criteria, on the basis of, which they 

Fig. 1. Safi filter 
 

Fig. 2a. Home-based filters: Chari filter 
 

 
 
Fig. 2b. Home-based filters: Pitcher filter. 
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discarded Adarsha filter and Passive Sedimentation from 
the list of viable removal technologies. The same criteria 
were followed in the present investigation to evaluate Safi 
filter and Home-based filters to ensure the comparability of 
the findings with that of the remaining seven technologies. 
Comparative study revealed that performance was not the 
sole determinant of acceptability; design, size, installation, 
reagents used, maintenance etc are also taken into 
consideration by the users in their evaluation of the 
technologies (Table III). We have found that both Safi and 
Home-based filters were preferred by the users on these 
grounds and similar preferences were observed for DPHE / 
Danida, Sono and Stevens filters but not for high 
performance Buet and Garnet filters. 
 
Fig. 3. Maintenance graph for Safi filter and Home-
based filters, as stated by the users 
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Table IV shows the results of the additional queries 
made along with the set criterions for this specific study. 
None of the two filters cause physical problem to the users. 
Though the taste of the filtered water was different from the 
un-filtered water according to 80% of the users but the 
odour was not un-pleasant. Safi filter is a commercial 
product and as such users were ignorant about the adsorbing 
materials. Home-based filters are made up locally from 
available materials and all the users had fair idea about the 
adsorbing ingredients. After the use, if people start dumping 
the As-laden candle of the Safi filter or ingredients of 
Home-based filter without any precaution, it may create 
another health hazard as none of the users were found aware 
of it. 

Only 30% of the Safi filter users followed the 
recommended washing schedule of fifteen days and 40% of 
them cleaned it up once a week while 10% almost everyday 
(Fig. 3). Washing more or less frequently than the 
recommended intervals may hamper the efficiency of the 
filters. As per recommendation, Home based filters must be 
subjected to thorough washing after every 7-10 days and 
after washing it should be dried in the sunlight. Only 20% of 
the users followed it while 70% washed their unit once in a 
month and the rest didn’t even wash the unit for nearly 2 
months (Fig. 3). The observed removal efficiency of Home-
based filters can not be sustained with such erratic 
maintenance and the users must be made aware of it. 
Acknowledgments. We appreciate the assistance of Dhaka 
Community Hospital (DCH) staffs of DCH Bera Branch, 
Pabna during the field survey. Thanks to the Chemistry 
Division of Bangladesh Council of Scientific and Industrial 
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Table I. Removal of As by Safi filter and Home-based filters depending on initial concentrations 
 

Safi filter Home-based filters Sl. N. 
Initial As conc. (mg 
L-1) 

Residual As conc.
(mg L-1) 

As removal (%) Initial As conc. (mg L-1) Residual As conc. (mg L-

1) 
As removal 
(%) 

01. 0.090 <0.01 ~100 0.060 0.010 83.33 
02. 0.091 <0.01 ~100 0.060 0.013 78.33 
03. 0.097 <0.01 ~100 0.060 0.011 81.67 
04. 0.100 <0.01 ~100 0.070 0.010 85.71 
05. 0.115 0.010 91.30 0.080 0.015 81.25 
06. 0.119 0.011 90.76 0.090 0.015 83.33 
07. 0.132 0.013 90.15 0.110 0.027 75.45 
08. 0.143 0.015 89.50 0.115 0.029 74.78 
09. 0.207 0.024 88.67 0.119 0.031 73.95 
10. 0.231 0.030 86.96 0.120 0.033 72.50 
 
Table II. Correlation between initial as concentrations and percentage removal by Safi filter and Home-based filters 
 

Safi filter Home-based filters   
Initial As conc. As removal (%) Initial As conc. As removal (%) 

Pearson Correlation 1 -.803** 1 -.806** Initial As conc. 
Sig. (2-tailed) . .005 . .005 
Pearson Correlation -.803** 1 -.806** 1 %As Removal 
Sig. (2-tailed) .005 . .005 . 

**Correlation is significant at the 0.01 level (2-tailed). 
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Table III. Comparison between seven candidate technologies with Safi filter (SF) and Home-based filters (HBF) [* 
candidate technologies] 
 
Questions ALCAN* BUET* DPHE/ 

DANIDA* 
GARNET* SONO*  STEVENS* TETRA* SF HBF 

Does the technology 
reduce As to below the 
Bangladesh Guideline 
Standard (0.05mg L-1)? 

Yes 
(100% 
samples) 

Yes 
(99.5%) 

Yes 
(but only 
below 
groundwater 
As<0.12 
mg/L) 

Yes  
(if  operated 
according to 
instructions 
75% & If not 
43% samples 

Yes 
(99% 
samples) 

Yes 
(>90% 
samples) 

Yes 
(>80% 
samples) 

Yes  
(86 to 100% 
depending 
on initial 
conc.) 

Yes 
(73 to 82% 
depending 
on initial 
conc.) 

Does the technology 
create any problems 
regarding major water 
chemistry parameters? 

No No Yes – Mn 
and Al 
exceeds 
Bangladesh 
Standards 

No No No No No No 

Is the technology 
acceptable to users? 

Yes 
 

No Fairly 
acceptable 

No Yes Fairly 
acceptable 

Fairly 
acceptable 

Fairly 
acceptable 

Fairly 
acceptable 

(a) Major user defined 
problems 

High cost Too tall and 
unstable, 
difficult 
use. 

Bothersome 
use 
(reagents), 
waiting times.

Slow flow 
rates (not 
enough As 
free water), 
heavy. 

Difficult to 
move and 
slow flow 
rates. 

High cleaning
frequency, 
Bad taste 

Test and odour 
were 
objectionable, 
Cost was high 

Decrease of 
flow with 
time, Too 
heavy 

Fixed set up 
in open 
place, 
Difficulty in 
use during 
rainy season

(b) Are the reasons for 
problems easy to 
address? 

- Redesign 
required. 

Maybe 
reconsider 
reagents. 

Further 
Research on 
materials/ 
design. 

- Need for 
additional 
reagents. 

- Redesign 
required. 

Portable 
version is 
needed  

What are the volumes of 
water produced in 12 
hours? 

>3600 
litres 
Enough 
for >100 
families 

50 litres 
(Enough 
for 1.5 
families) 

43 litres 
(Enough for 1
family) 

13 litres 
(Not enough 
for 1family) 

13 litres 
(Not 
enough 
for 
1family) 

169 litres 
(Enough 
for 5 
families) 

624 
Enough 
for >20 
families 

55 litres 
(Enough for 
1.5 
family) 

38 litres 
(Enough for 
1 
family) 

 
Table IV. Findings of additional query about the acceptability of Safi filter and Home-based filters to the users 
 

Safi filter Home-based filter  
Yes No No Comment Yes No No Comment 

Is filtered water causing any physical problem? 0 80 20 0 90 10 
Is the taste of filtered water different from unfiltered water? 80 20 0 60 40 0 
Whether the filtered water has any odour? 0 80 20 0 80 20 
Whether the users know the name of chemicals used in this unit? 0 100 0 100 0 0 
After being out of order, where the adsorbent will be dumped? 0 0 100 0 0 100 
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