
1. Introduction

	 Thailand is about 513,115 square km in area. The 
terrain consists mostly of plains, which experience 
rainfall throughout the year; the average annual rainfall 
for the whole country is >1,500 millimeters (The Royal 
Institute, 2002). During the years 1988-2011, 208 floods 
were recorded for the country, while some areas flooded 
more than once per year. The consequences of flooding 
were property damage, environmental deterioration, and 
impacts on public health. The health impacts of flooding 
e.g., injuries, fecal-oral diseases, and outbreaks of 
gastroenteritis, were monitored (Ahern et al., 2005). 
The types of assistance needed by flood victims were 
ascertained, especially essential items for daily living 
(clothes, medicine, food, and drinking water) (Lertlum, 
2003). The most urgent need was potable drinking water 
to ensure survival (Aitken, 2009); humans require 2-3 
liters of drinking water per day (WHO, 2004). During 
floods, safe drinking water is usually scarce and the 
normal water supply often damaged and contaminated 
(Fernando et al., 2009). Contamination may occur 
during the flood, such as pathogens harmful to human 
health in untreated drinking water being consumed 
(Ten, 2010). River sediments can accumulate coliform 
bacteria, which can be distributed during a flood, 
or when water resources are otherwise disturbed 

(Muirhead,2004). It is relatively safe to consume 
free coliform bacteria in water; they are usually 
not very harmful, but can cause short-term effects, 
e.g., diarrhea, cramps, nausea, headache, and other 
non-severe symptoms (Lukasik, 1999). Escherichia 
coli is the most frequently found coliform bacterium, 
because these bacteria are found in the intestinal 
tracts of humans and other warm-blooded animals 
(USEPA, 1986). Bacteriological quality was the 
most important factor in assessing the relationship 
between the safety of drinking water and diseases 
transferred by water. If coliform bacteria are found 
in water, they may cause diseases, so-called waterborne 
diseases (Macler and Merkel, 2000). During floods, 
victims need safe drinking water (Groendijk, 2009).  
A clay water filter has many advantages of being 
lightweight, portable, low-cost, requires no chemicals, 
and is simple to use; it can be produced locally, 
using naturally available clay and other materials. 
The pore size and surface charge of a clay-pot water 
filter determine its ability to remove particles 
and pathogens from water (Bielefeldt et al., 2010). 
For the above reasons, researchers need to find 
suitable type and ratio of clay-pot water filter to 
improve the physical and bacteriological quality of 
water for drinking that is derived from surface water to 
obtain safe and clean drinking water for consumption.
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	 This study aimed to investigate suitable types and ratios of materials for making clay-pots, and their performance to 
improve the physical and bacteriological quality of drinking water. Synthetic water was prepared and used to select suitable 
types and ratios for clay-pot water filters. The clay-pots were prepared by combining clay with sand, coconut-shell charcoal, 
and rice-husk charcoal, at various ratios. The results indicated that all types and ratios could remove 100% of coliform 
bacteria and Escherichia coli, and were thus suitable for treating drinking water. However, for practical use, the system should 
have real-world application. Therefore, filtration rate/inner surface area/time was used as a criterion to determine suitable 
types and ratios. Different types of clay-plot water filter yielded significantly different filtration rates (p<0.01). Clay with 
coconut-shell charcoal generated the maximum filtration rate of 0.44 ± 0.11 mL/cm2/hr. Different ratios of clay-pot water 
filter did not yield significantly different filtration rates (p>0.01). A ratio with a maximal filtration rate of 60:40(0.38 ± 0.28 
mL/cm2/hr) was found to be suitable. The quality of filtered water was acceptable in terms of turbidity, coliform bacteria 
level, and Escherichia coli, according to WHO drinking-water quality guidelines.
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Abstract

The aim of the present study was to standardize and to assess the predictive value of the cytogenetic analysis
by Micronucleus (MN) test in fish erythrocytes as a biomarker for marine environmental contamination. Micronucleus
frequency baseline in erythrocytes was evaluated in and genotoxic potential of a common chemical was determined
in fish experimentally exposed in aquarium under controlled conditions. Fish (Therapon jaruba) were exposed for 96
hrs to a single heavy metal (mercuric chloride). Chromosomal damage was determined as micronuclei frequency in
fish erythrocytes. Significant increase in MN frequency was observed in erythrocytes of fish exposed to mercuric
chloride. Concentration of 0.25 ppm induced the highest MN frequency (2.95 micronucleated cells/1000 cells compared
to 1 MNcell/1000 cells in control animals). The study revealed that micronucleus test, as an index of cumulative
exposure, appears to be a sensitive model to evaluate genotoxic compounds in fish under controlled conditions.
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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2. Materials and Methods

	 This was a laboratory-scale experimental research 
study. All seven types and all nine percentages of 
clay-pot water filter were prepared and used for the 
experiments on the physical and bacteriological quality 
of treated drinking water. The performance of the clay-pot 
water filter was determined by physical and bacteriological 
quality, and filtration rate. The methods used to determine 
these characteristics followed the standard methods for 
water and wastewater examination (Amercan Public 
Health Association, 2005). Differences in turbidity, 
coliform bacteria, Escherichia coli, and filtration rate, 
were analyzed by one-way ANOVA. Significance was 
set at 1%. All the experiments were carried out in 
quintuplicate.

2.1. Clay-pot water filter preparation

	 Total number of examined clay-pots was consisted 
by 6 combinations of materials and 4 ratios of composi-

Table 1. Material mixtures and ratios

Type  Materials     Percentage

Two materials

1 Clay: Sand 60: 40 70:30 80:20 90:10

2 Clay: Coconut-shell charcoal 60: 40 70:30 80:20 90:10

3 Clay: Rice-husk charcoal 60: 40 70:30 80:20 90:10

Three materials

4 Clay: Sand: Coconut shell: charcoal 60: 20: 20 70:15:15 80:10:10 90:5:5

5 Clay: Sand: Rice-husk charcoal 60: 20: 20 70:15:15 80:10:10 90:5:5

6 Clay: Coconut-shell charcoal: Rice-husk charcoal 60: 20: 20 70:15:15 80:10:10 90:5:5

7 Clay 100

tion plus one original material (100%clay) as shown in 
Table 1.
		
2.2. Mold of clay-pot water filter

Each type and ratio of clay-pot water filter was sintered 
at 600oC for 5 hours (biscuit firing). After sintering, the 
clay-pot water filter was dried at room temperature for 
3 days before conducting the filtration process. At the 
beginning of the study, the clay-pot water filters were 
cleaned with tap water and sterilized in a hot-air oven 
at 180oC for 2 hours. The clay-pot water filter was 
used with a receptacle container as illustrated in the 
schematic diagram (Fig. 1).

2.3. Synthetic water preparation

	 Synthetic water was prepared by mixing coliform 
bacteria with distilled water sterilized at 121oC for 15 
minutes. To this was added a colony of Enterobacter 
spp., Klebsiella spp., and Escherichia coli, with the use 
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2.2. Mold of clay-pot water filter 

Each type and ratio of clay-pot water filter was sintered at 600๐C for 5 hours (biscuit 
firing). After sintering, the clay-pot water filter was dried at room temperature for 3 days 
before conducting the filtration process. At the beginning of the study, the clay-pot water 
filters were cleaned with tap water and sterilized in a hot-air oven at 180๐C for 2 hours. The 
clay-pot water filter was used with a receptacle container as illustrated in the schematic 
diagram (Fig. 1). 

       

Figure 1. Design of clay-pot water filter 
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Figure 1. Design of clay-pot water filter
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of a loop. Finally, sterilized soil was added. Turbidity, 
coliform bacteria, and Escherichia coli levels were 
controlled at 55-60 NTU, 2.4 x 107 MPN/100mL, and 
2.4 x 104 MPN/100 mL, respectively. The synthetic 
water was poured into the clya0pot water filter and 
percolated through the filter element into the receptacle 
below. Water in the receptacle was analyzed for all 
parameters; turbidity, coliform bacteria, Escherichia 
coli and filtration rate/ inner surface/ hour.

3. Results and discussion

	 In this study, main research focused on selecting 
suitable types and ratios of clay-pot water filter, to 
improve the quality of surface water and to get safe and 
clean water for consumption. The results were shown 
in Table 2.
	 In order to determine the suitable materials and 
proper percentage of mixing materials, One-way 
ANOVA analysis at 0.01 significance level was performed 
the different concerned parameters namely; turbidity, 
pH and filtration rate. The results indicated that the 
different types of clay-pot water filter yield different 
degrees of turbidity (p > 0.01) except the mixing of clay 
and rice husk charcoal (p value = 0.005) as shown in 
Table 3. However the pH of treated waster were significant 
different (p value < 0.001) except the clay:sand (p value 
= 0.106), and clay:coconut-shell-charcoal(p value = 
0.026), In case of filtration rate, all are significant different 
(p value < 0.001). Turbidity in the other types was also 
acceptable; all are less than 5 NTU according to the 
WHO standard (WHO, 2004). Six types of clay-pots 
could remove 100% of coliform bacteria and Escherichia 
coli. In the case of pure clay, the physical and bacteriological 
quality could not be measured due to the inadequate 
volume of water. However, this result was similar to 
the research study by Murphy et al. (2009), who tried 
to decrease microorganism contamination in water 
using a clay-pot water filter composed of crushed 
bricks, rice husk, and laterite. In addition, when it was 
promoted for use in rural areas of Cambodia, diarrheal 
diseases were reduced by 50%. The ceramic water filter 
effectively removed up to 99.99% of total coliform in 
water samples (Van, 2006). In addition, the E. coli and 
bacteriophage MS2 in drinking water were removed by 
ceramic water filtration in the study by Brown (2007). 
All types and ratios could remove turbidity, coliform 
bacteria, and Escherichia coli to acceptable WHO 
standards. Thus, all the types and ratios could be used 
for water treatment. However, for use in a real-world 
situation, its filtration rate should also be considered. 
	 The inner surface area was calculated from sum of 
side and bottom surface areas. The inner surface area 
was 201.06 sq cm. Clay: coconut-shell charcoal type 

with percentage of 60:40 provided the highest filtration 
rate; 127.0 mL/hr. This was consistent with the study by 
Murphy et al. (2009), who suggested a clay-pot water 
filter made of crushed, sun-dried clay bricks, local 
rice-husk waste, and laterite, could remove coliform 
bacteria. The burnt rice husk allowed for increased 
porosity, and with a large portion of coconut-shell 
charcoal, resulted in a highly porous clay-pot water 
filter, with a satisfactory filtration rate.
	 In order to use for the real situation, the filtration 
rate was also studied to determine the limitation. The 
mixing percentage of material 60:40 was used for study 
the variation. At the filtration was started, the filtration 
rate of water was gradually increased from 0.54 mL/
hr. and reached 240 mL/hr. After that, it was gradually 
decreased to the increase of water volume. Howeve, it 
could be observed that the filtration rate of water trends 
to fluctuate when the experiment was started in each 
day such as at 13, 25, 37, 49, 61, 73, 85, 97, 109, 121 
and 133 h since it was daily paused for every 12 hour. 
Fig. 2 shows the trendency of filtration rate of water 
by clay pot at 60:40 of clay and coconut shell charcoal. 
According to the experiment, the volume of water that 
poured into the clay pot filter was 300 mL at first hour. 
In addition, the surface water was refilled into the clay 
pot again until it is fully. Therefore, the approximate 12 
times per day of filtration could be done. After twelve 
hour, then clay pot was covered with aluminum foil 
to protect contaminant of water. The filtration rate of 
water depends on the turbidity of influent water. Murphy 
et al. (2009) showed that when influent water has higher 
turbidity, the filtration rate was lower. At this point, 
however, the filtration rates were gradually decreased 
again. At second day of experiment, the turbidity 
of surface water decreased to 44.45 - 48.54 NTU. 
Similar to the previous experiment, the filtration rate of 
water seem to be lower at the first hour of experiment 
compared to that at the last experiment on previous 
day. Also, the higher filtration rate was observed in the 
next hour. Similar to the previous day, the filtration 
rate trends to decrease to the number of experiment or 
volume of water.
	 The observed higher filtration rate at the fourth hour 
of experiment compared to the starting point may be 
due to there is higher water addorption in dry clay pot. 
Raimondo et al. (2009) showed that  the filtration rates 
of water collected first to third hour are generally lower 
than that sample collected at fourth hour. The new dry 
clay used to filter water can absorb influent water inside. 
That causes the lower water volume is generally found 
in the effluent. After the water is saturated at fouth hour, 
therefore, there is no water absorbed. This experiment 
is consistent with the research of Van (2006). They 
showed the increase of filtration rates at the fouth hour 
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Table 2. Average± SD values of turbidity, coliform bacteria, Escherichia coli, and filtration rate after filtration via clay-pot 
water filter

Types Percentage Turbidity
(NTU) pH

Coliform
bacteria

(MPN/100 mL)

Filtration rate
(mL/h)

Initial water quality 55-60 2.4 x 107 2.4 x 104 -

Clay: sand 60: 40 1.03 ± 0.23 7.03 ± 0.08 < 2.2 14.8 ± 1.64

70: 30 0.82 ± 0.28 7.00 ± 0.07 < 2.2 11.6 ± 1.82

80: 20 0.64 ± 0.41 6.97 ± 0.05 < 2.2 9.80 ± 1.64

90: 10 0.60 ± 0.55 6.93 ± 0.04 < 2.2 6.60 ± 1.82

Clay: coconut shell
charcoal

60: 40 0.72 ± 0.32 8.45 ± 0.05 < 2.2 127.0± 1.22

70: 30 0.70 ± 0.24 8.41 ± 0.05 < 2.2 112.4± 3.36

80: 20 0.66 ± 0.23 8.40 ± 0.02 < 2.2 96.0 ± 3.16

90: 10 0.35 ± 0.25 8.36 ± 0.02 < 2.2 82.8 ± 1.79

Clay: rice husk
charcoal

60: 40 0.88 ± 0.22 8.78 ± 0.02 < 2.2 99.2 ± 3.90

70:30 0.79 ± 0.15 8.72 ± 0.02 < 2.2 67.0 ± 2.92

80: 20 0.74 ± 0.15 8.68 ± 0.03 < 2.2 59.4 ± 3.44

90:10 0.42 ± 0.15 8.61 ± 0.01 < 2.2 51.6 ± 2.41

Clay: sand: 
coconut shell
charcoal

60: 20: 20 1.03 ± 0.30 8.03 ± 0.05 < 2.2 59.4 ± 2.88

70: 15: 15 1.02 ± 0.18 7.92 ± 0.04 < 2.2 45.8 ± 2.59

80: 10: 10 1.00 ± 0.31 7.83 ± 0.03 < 2.2 39.4 ± 3.44

90: 5: 5 0.99 ± 0.31 7.73 ± 0.06 < 2.2 33.8 ± 3.03

Clay: sand: rice
husk charcoal

60: 20: 20 1.51 ± 0.38 8.11 ± 0.03 < 2.2 46.2 ± 3.11

70: 15: 15 1.27 ± 0.27 7.99 ± 0.04 < 2.2 36.0 ± 3.87

80: 10: 10 1.25 ± 0.32 7.70 ± 0.04 < 2.2 30.6 ± 3.87

90: 5: 5 1.00 ± 0.26 7.67 ± 0.04 < 2.2 27.2 ± 2.68

Clay: coconut shell
 charcoal: rice husk
charcoal

60: 20: 20 1.22 ± 0.26 9.04 ± 0.04 < 2.2 89.8 ± 3.61

70: 15: 15 1.10 ± 0.50 8.95 ± 0.03 < 2.2 93.0 ± 3.52

80: 10: 10 1.07 ± 0.29 8.87 ± 0.03 < 2.2 74.4 ± 3.06

90: 5: 5 0.90 ± 0.40 8.82 ± 0.02 < 2.2 62.6 ± 1.82

Clay 100: 0: 0 - - - 1.80 ± 0.84
The symbol-means not detectable, since the filtered water volume was very small

of filtration. Ceramic pot filter was gradually absorbed 
water in the fifth hour of filtration. When ceramic pot 
filter was saturated, almost influent water could be 
released in the fourth hour (Fig. 2). Accumulation of 
sediment leads to reduction of filtered water volume. 
Inner surface of clay pot water filter was accumulated 
with sediment. Van (2006) found that filter clogging 

is normally resulting from colloidal particles. Direct 
effects may be identified from the decrease of flow rate 
and frequent scrubbing. The maintenance procedure 
is generally scrubbing the filter when clogging was 
observed. Frequent scrubbing, however, may cause 
recontamination of water and breakage of filter. As 
show previously, the relatively high porosity and low 
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Table 3. Analysis of variance (ANOVA) of water quality in difference types and percentage

Types Percentage Parameter p-value F-value
Clay: sand 60: 40 Turbidity 0.312 1.290

70: 30 pH 0.106 2.396
80: 20 Filtration rate <0.001 19.578
90: 10

Clay: coconut shell charcoal 60: 40 Turbidity 0.102 2.440
70: 30 pH 0.026 4.041
80: 20 Filtration rate <0.001 285.074
90: 10

Clay: rice husk 60: 40 Turbidity 0.005 6.191
charcoal 70:30 pH <0.001 51.029

80: 20 Filtration rate <0.001 211.558
90:10

Clay: sand: coconut 60: 20: 20 Turbidity 0.993 0.029
shell charcoal 70: 15: 15 pH <0.001 39.206

80: 10: 10 Filtration rate <0.001 67.437
90: 5: 5

Clay: sand: rice husk 60: 20: 20 Turbidity 0.118 2.287
charcoal 70: 15: 15 pH <0.001 159.985

80: 10: 10 Filtration rate <0.001 32.645
90: 5: 5

Clay: coconut shell 60: 20: 20 Turbidity 0.774 0.372
charcoal: rice husk 70: 15: 15 pH <0.001 46.325
charcoal 80: 10: 10 Filtration rate <0.001 107.955

90: 5: 5

 
Figure 2. Filtration rate of filtered water over time (hour) 

4. Conclusion 

The results showed that different types of clay-pot water filter created drinking water of 
significantly different physical quality (p<0.01). Different ratios of clay-pot water filter yielded 
significantly different turbidity levels (p<0.01). Six types and eight ratios could remove 100% of 
coliform bacteria and Escherichia coli. Of the different types and ratios of clay-pot water filter, the 
best r for practical use could not be determined on physical and bacteriological quality factors alone. 
Therefore, filtration rate/inner surface area/time was added as a variable to aid selection. Different 
types of clay-pot water filter yielded significantly different filtration rates (p<0.01). The maximum 
filtration rate was 0.44 ± 0.11 ml/cm2/h in the ratio 60:40 of clay: coconut-shell charcoal. When the 
filtered water was compared with the drinking-water standard by WHO, the types and ratios of clay-
pot water filter were within the acceptable range for turbidity, coliform bacteria, and Escherichia coli.
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strength may enhance clay pot breaking and clogging 
from scrubbing. Clay pot filter can remove coliform 
bacteria in surface water. This study showed that after 
pouring 6.28 liter of water filtration found coliform 
bacteria less than 2.2 MPN/100 mL which meet to 
the acceptable level of WHO drinking water standard 
(2004). Sui and Huang (2003) showed the potential 
of gradient ceramic membrane to remove 100% of 
pathogenetic bacteria such as; E.coli, Salmonelle, 
microzyme, staphylotoxin, Psuedomonas aeruginosa, 
mold, rust, worm and suspension particles in water. The 
removal efficiency for pathogenic bacteria by filtration 
through clay pot filter at 60:40 ratios of clay: coconut 
shell charcoal varied between 98% and 99.9%. It can be 
suggested clay pot filter at 60:40 ratio of clay: coconut 
shell charcoal can be used as filter for drinking water 
treatment. However, the filtration period and treated 
volume were limited since it can be used only in the 
short period. To solve the constrain mentioned above 
the size expanding can be alternative approach to obtain 
more volume of treated water. The another issue to be 
concerned is the turbidity level, therefore the correlation 
between turdibity and filtration rate should be taken into 
account for further study.

4. Conclusion

	 The results showed that different types of clay-pot 
water filter created drinking water of significantly 
different physical quality (p<0.01). Different ratios 
of clay-pot water filter yielded significantly different 
turbidity levels (p<0.01). Six types and eight ratios 
could remove 100% of coliform bacteria and Escherichia 
coli. Of the different types and ratios of clay-pot water 
filter, the best r for practical use could not be determined 
on physical and bacteriological quality factors alone. 
Therefore, filtration rate/inner surface area/time was 
added as a variable to aid selection. Different types 
of clay-pot water filter yielded significantly different 
filtration rates (p<0.01). The maximum filtration rate 
was 0.44 ± 0.11 ml/cm2/h in the ratio 60:40 of clay: 
coconut-shell charcoal. When the filtered water was 
compared with the drinking-water standard by WHO, 
the types and ratios of clay-pot water filter were within 
the acceptable range for turbidity, coliform bacteria, 
and Escherichia coli.
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