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ABSTRACT
Insecticide contamination has caused various adverse effects in the human health.
Different water treatments have been created to be able to provide a solution to this problem, but
these are non affordable, thus, cannot cover the rural communities who are in great need of clean
water supply. With this, the researcher came up with a project based on the assumption that
biochar from pili shells can be used as a local water purifier for water contaminated with
insecticide. The researcher gathered pili shells that were converted to biochar and used distilled
water contaminated with insecticide residue (Malathion) as the sample water. Completely
Randomized Design (CRD) was used in the experimental design since the test will be
homogenous with the only variation of the amount of biochar for every treatment. This contained
three treatments (T1- 4701.76 cm3 biochar, T2-6197.78 cm3 biochar and T3-46,802.34 cm3
biochar), three replicates in each treatment and a 4.66264 ppm baseline water sample. The
amount of insecticide residue (Malathion) remained in the water after purification process ranges
from 0.00012 ppm to 0.01889 ppm and showed an average of 99.931% of insecticide residue
(Malathion) removed in all of the treatments. Moreover, there is no significant difference among
the treatments as far as the amount of insecticide residue (Malathion) remained in each treatment
and the amount (%) of insecticide residue (Malathion) removed is concerned. Thus, the results of
the study showed that pili shells biochar is an effective water purifier for water contaminated
with insecticide residue (Malathion).
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I.

INTRODUCTION
Agrochemicals have been integral in most agricultural production endeavors. Pesticides,

specifically, are widely-used because of their ability to kill pests, therefore, protecting yield and
producing better crops. Apart from the given advantages however, pesticides leave residue in the
soil and contaminate drinking water used for household consumption of communities surrounding
agricultural lands. The worst part is, once pesticides have reached the groundwater, it is
impossible to clean them out. Installation of alternative water supply systems to affected
households is also quite expensive. (Trautmann, Porter, and Wagenet, 2012). Deaths and chronic
diseases even pose a greater worry with about 1 million people per year suffering from this
contamination. (National Institute of Health, 1999).
As a proposed solution, the present study intended to create a homemade water purifying
system that uses locally based biomass pili shells biochar as the main purifying materials.
Biochar is the crude form of activated carbon which comes from any kind of charred
biomass such as wood chips, bark and forest residues. The charred biomass is converted mainly
through two processes, usually, gasification and pyrolysis. The most distinguishing characteristic
of biochar among other non-effective agricultural charcoals is its ability to adsorb, wherein the
molecules of gas or liquid are attached to the surface of biochar (McLaughin,, et al., 2012). Filho
& do Carmo (n.d.) also stated in their article that the process of adsorption plays an important role
in the removal of undesired components.
Biochar can also reduce the greenhouse gasses concentration, improve soil which leads to
higher crop production, provide energy for human use and, safely remove certain wastes materials
(UK Biochar Research Centre, 2012). It will also lead more sustainable and intensive form of
agriculture and will reduce greenhouse gas emissions wherein the carbon dioxide stored by trees
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will \stay on the ground for a very long time in the form of charcoal (Soil scientist Wim
Sombroek, 1934-2003; Nijland, 2014)
In a doctoral dissertation of Josh Kearns (2010),

PhD graduate at the University of

Colorado-Boulder, when he was working in a farming community in the Thai-Burmese border,
he found out that biochar can be developed as a low-cost substitute for commercial activated
carbon to remove synthetic organic contaminants from drinking water (University of Colorado
Boulder, n.d.). The process used for his design for generating char is pyrolysis using any woody
or cellulous material as his biomass.
The recent study followed gasification to convert biomass fuel for biochar. In gasification,
there is only a small presence of oxygen needed. Gasification transforms fuel into a gaseous
compound called syngas (Gable and Gable, 2012) leaving a solid, black and carbon-rich
compound, which is the biochar.
As the biomass fuel for biochar, the present study used pili shells.
Pili is an endemic variety of nut in the Philippines, especially in the Bicol region, producing
various commercial products around the country (pilinuts.org, n.d.), thus, making it readily
available and affordable to households. Compared to other commercially available products in
the Philippines, pili shells is a more ideal biomass fuel because of its higher density which serves
as a high quality fuel; its enhanced physical characteristics since it has a granular shape and
thus, higher surface area that allows better contact of heat production of combustible gases and
mixture with oxygen while the gasification process occurs (Guinto, J., personal communication,
March, 2014).
Pili nut shells are also characterized as a potential source of activated carbon (Yao, et al.,
2012), with its fixed carbon content (86.81%), its high surface area (SBET = 817 m2/g) and large
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pore volume (VDR = 0.54 cm3/g) compared to the unactivated Pili nut shell. (Q. Sugon Jr.,
2012).
The adsorptive capacity of activated carbon was also tested on water contaminated with
pesticides halogenated aromatic hydrocarbons (DDT) cyclodiens and hexachlorocyclohexane
(HCH). Based on the results, the virgin granular activated carbon showed each pesticide reduced
to approximately 0.02 µg dm–3 from the starting point of 2 µg dm–3, making it a very efficient
technique for the removal of pesticides (Ninkovic M., et al, 2009).
While the present study is in relevance to the former study, it, however, hoped to produce a
less expensive and easier way to create water purifier using homemade biochar pili shells for
households. Producing activated carbon still requires several industry manufacturing to achieve
the high amount of heat it needs, thus, making it more expensive and non affordable for rural
families (Cabot Norit Activated Carbon, n.d.).
The results of the present study provide knowledge that a home-site water purifier with just
a low cost system model can be created. This greatly benefits those who are in needing of
drinking water especially the ones living in the rural areas and the victims of calamities.

II. OBJECTIVES OF THE STUDY
Having the abovementioned ideas and concepts this study was conducted to propose a
home-made water purification system from Pili shells biochar for water contaminated with
insecticide (Malathion) with the following objectives:
Thus, the main objectives of this study would be:
1.

To determine quantitatively whether pili shells biochar will exhibit adsorbent
property on insecticide residue (Malathion) present in water;
28
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2.

To identify the amount of insecticide residue (Malathion) remained in the water
after purification process using pili shells biochar;

3.

To identify whether there is a significant difference among the treatments on the
effect of pili shells biochar on the amount of insecticide residue (Malathion)
remained in the water after purification; and

4.

To identify whether there is a significant difference among the treatments on the
effect of pili shells biochar on the percentage (%) amount of insecticide residue
(Malathion) removed in each treatment;

III. SCOPE AND LIMITATIONS OF THE STUDY
This study covers the evaluation of the pili shells biochar specifically its adsorptive
capacity on the water contaminated with pesticide residue. The study however is limited only on
the residue from Malathion and does not compare pili shells biochar with char from other
biomass materials.
Based on the results of the interviews conducted with vegetable farmers at Brgy.
Calasgasan, Daet, Camarines Norte, it was concluded that Malathion is one of the most widely
used insecticide among vegetable farmers in Daet, Camarines Norte (De Vera, C., et. Al.,
Personal communications, March 2014). As such, the insecticide Malathion was used in this
study.

IV. MATERIALS & METHODS
A. Experimental Design
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The experimental design used is Completely Randomized Design to compare the
effectiveness of the different amounts of biochar used in purifying water contaminated with
pesticides.
Table 1. Experimental Design on Pesticide Analysis By Treatment and By Replicate.
PESTICIDE ANALYSIS
REPLICATE (ppm)
TREATMENT
1st

2nd

3rd

T1
(4701.76 cm3 of biochar)
T2
(6197.78 cm 3 of biochar)
T3
(46 802.34 of biochar)

Three treatments were used such as; Treatment 1 – 1 bottle filled with 4701.76 cm3 of
biochar; Treatment 2 – 2 bottles of filled with 6197.78 cm3 of biochar; Treatment 3 – 3 bottles
filled with 46,802.34 cm3 of biochar.
During the conduct of this study, there was no other filter of the nearest equivalent that is
available to the researcher. They are either too expensive or not on sale in the Philippines.
Meanwhile the Camarines Norte Water District has a water testing laboratory. However, the
laboratory covers only the analysis of water with ions and anions (Camarines Norte Water
District, personal communication, September 24, 2014)
B. Procedure
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The study entailed the preparations of the water samples, the carbonization of the pili
shells, the construction of the purifying vessels and the purification of the three sets of
treatments.
On June 2, 2014, water samples were collected from the water well of Mrs. Lilia
Saavedra of Barangay Calasgasan, Daet, Camarines Norte. The samples were then brought to the
National Pesticides and Analytical Laboratory at Quezon City and were analyzed for pesticide
residue-0s. Please see Appendix A for the result of the analysis.
On August 20, 2014 another batch of water samples from the same water wells were
collected and brought to the same laboratory. The researcher then passed the water samples to
the three sets of treatments. While working on the procedure, the researcher realized that the
second batch of the water samples from Calasgasan cannot be used to compare with the result
from the water samples collected on June 2, 2014 because of the time lapse between the two
samples. This prompted the researcher to plan to get a third and fresh samples from Calasgasan.
This difficult situation made the researcher realize one mistake in the water samples they
are collecting. That is, the water samples from Barangay Calasgasan would possibly contain
pesticides plus a lot of intervening materials. Therefore the results will not be able to isolate the
reaction of the pesticide to the purifying agent which is the biochar. This problem arising
prompted further the researcher to decide to use distilled water instead, following the World
Health Organization's (WHO) full specification of Malathion emulsifiable concentrate (1999)
which states that mixture should be free from electrolytes, minerals and other suspended matter.
Consequently, another major change made was the content of the purifying bottles. The
first sets of purifiers were filled with stones, pebbles and gravels. These materials were meant to
filter off large particles such as dust and dirt that are possibly in the first sample water. With the
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shift from the water samples from the water well to distilled waters, the stone, pebbles and
gravels were no longer necessary. Instead the vessels were then filled solely with biochar.
a. Gathering of Materials
The materials used for the carbonizer were 30L tin metal bucket and used milk can.
In the process of constructing the water purification system, the materials used were four (4)
empty 6L mineral water bottles, gardening hose, faucet, plaster of Paris, and plywood.
In creating the sample water, Malathion insecticide was used, syringe, gloves and 3 6L
bottles of distilled water.
b. Preparation of Biochar
i.

Carbonization

This study used the process of carbonization to produce biochar. A 30-L tin metal bucket
was poked with holes at the bottom and at the sides. A four (4) centimeter hole was also made on
its cover and another piece of used milk can was place on top of the bucket.
The tin metal assembly was placed on top of three stones about 3 cm in diameter. It was
then filled with pili shells up to the level just below the secondary air holes on the side. Fire was
lit on top of the pile of pili shells using paper and saw dust and bits of candle wax.
As soon as the fire was stabilized, the cover that serves as the concentrator ring was
placed on top of the bucket. Another piece of tin metal can was placed on top of the concentrator
ring. This served as the riser. It increases the draft of the flames and thus, gives it a steady burn.
After about three hours, all the pili shells have already carbonized and was dumped into a big
metal cooking pot and covered.
After 2 hours, the carbon was taken from the metal pot.
c. Preparation of Treatments
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i.

Preparation of the Sample Water

The syringe was filled with the Malathion insecticide. Six (6) drops of approximately 0.5
mL of the pesticide was poured into a 6L bottle of water.
The researcher also used this to follow the sample preparation and analysis that 5 mL/L of
the internal standard solution should be pipette to the volumetric flask, siluted, marked with
chloroform and mixed well (WHO/SIT/10.R7, 1999). A 10x dilution -0.5 mL/L from the given
standard 5mL/L, was adopted in the actual experimentation considering the assumption that
Malathion has seeped through the water system and has undergone some process of dilution from
its initial concentration.
The bottle was then tumbled repeatedly up and down to mix the pesticide with the water.
This was done to the two other 6L bottles.
ii.

Preparation of Water Treatments

The carbonized shells gathered were pulverised using long neck bottles rolling them over
the cement floor. The pulverized shells were passed through a strainer, thus separating the
powder from the granules. They were pulverized using glass bottles until the shells were of the
size of the monggo beans. The granulated carbons were then poured unto the 6L bottle-devices.
For the first treatment, 4701.76 cm3 amount of biochar was poured into the bottle. For the
2nd treatment the carbonized shells were poured unto the two bottles with the total volume of
6197.78 cm3. For the 3rd treatment, the carbonized shells were poured on the 3 bottles with the
total amount of 46,802.34 cm3.
d. Experimentation
The contaminated water was now poured unto the first bottle in each treatment with a funnel
to keep the water flowing in place.
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When the water reached the faucet, the water was still black in color. Therefore, the
researchers used filter paper to filter the ‘black particles’ combined with the water due to the
biochar. The first set of water that flowed out of the funnel, still dark as its color was used as the
first replicate. The same procedure was done to the rest of the replicates of the treatments.
Each replicate was held in 2 bottles of 1L amber brown bottle.
e. Testing
After all the purification processes, the resulting water in each treatment was tested in the
National Pesticide Analytical Laboratory Department of Agriculture at Diliman, Quezon City to
determine the concentration (ppm) of the insecticide Malathion in each of the treatment using Gas
Liquid Chromatography.
Please see Section III Results for the summary of the results.
Regarding the results of the Malathion analyzed, the Camarines Norte Water District also
provided the researchers with a related literature “Malathion on Drinking water (Guidelines for
Drinking-water Quality)” (WHO, 1998) in order to properly interpret the results. Please see
Appendix E for the CNWD’s certification.

V. RESULTS

1. Quantitative Determination of the Adsorptive Capacity of Pili Shells Biochar by the
Amount of Insecticide Residue (Malathion) Remained Based on the Results of Laboratory
Analysis of the National Pesticide Analytical Laboratory.
The baseline insecticide Malathion level used for all treatments was 4.66264 ppm.
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Table 2. Amount of Insecticide Residue (Malathion) Remained by Treatment With Varying
Amount of Biochar and By Replicate, Quezon City, September 2014.
AMOUNT OF INSECTICIDE RESIDUE (MALATHION) REMAINED
REPLICATE (ppm)
TREATMENT

T1

1st

2nd

3rd

0.01889 ppm

0.00263 ppm

0.00237 ppm

0.00172 ppm

0.00136 ppm

0.00033 ppm

0.00086 ppm

0.00059 ppm

0.00012 ppm

(4701.76 cm3 of biochar)
T2
(6197.78 cm3 of biochar)
T3
(9803.17 cm3 of biochar)

Table 3. Percentage of Insecticide Residue (Malathion) Removed by Treatment, with
Varying Amount of Biochar and by Replicate, Quezon City, September 2014.

PERCENTAGE OF THE INSECTICIDE RESIDUE
(MALATHION) REMOVED
REPLICATE (%)
TREATMENT

T1

1st

2nd

3rd

99.595%

99.944%

99.949%

99.963%

99.971%

99.993%

99.982%

99.987%

99.997%

(4701.76 cm3 of biochar)
T2
(6197.78 cm3 of biochar)
T3
(9803.17 cm3 of biochar)
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100.1
100
99.9
99.8

Replicate 1
99.7

Replicate 2
Replicate 3

99.6
99.5
99.4
99.3
Treatment 1

Treatment 2

Treatment 3

Figure 1. Comparative Performance of the Treatments by Percentage of Insecticide
Residue (Malathion) Removed By Treatment and By Replicate, Quezon City, September
2014.
4. Statistical Test (One Way ANOVA) on the Amount of Malathion residue remained in
each treatment
Table 4. Summary and Statistical Test (One Way ANOVA) on the Amount of Malathion
residue remained on each treatment.

SUMMARY
Groups

Count

Sum

Average

Variance

T1

3.00000 0.02147 0.00716

0.00010

T2

3.00000 0.00458 0.00153

0.00000

T3

3.00000 0.00282 0.00094

0.00000
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ANOVA
Source of Variation

SS

Df

MS

F

Between Groups

7.07E-05

2.00E+00

3.53E-05

Within Groups

2.12E-04

6.00E+00

3.53E-05

F crit

1.00E+00 5.14E+00

Not Significant
Total

2.83E-04

8.00E+00

5. Statistical Test (One Way ANOVA) for the amount of Malathion residue reduced in each
treatment (%)
Table 5. Summary and Statistical Test (One Way ANOVA) on the Percentage Amount of
Malathion residue remained on each treatment.

SUMMARY
Groups

Count

Sum

Average Variance

T1

3.00

299.54

99.85

0.05

T2

3.00

299.90

99.97

0.00

T3

3.00

299.94

99.98

0.00

Source of Variation

SS

df

MS

F

F crit

Between Groups

0.0324

2.0000

0.0162

0.9965

5.1433

Within Groups

0.0975

6.0000

0.0163

Total

0.1299

8.0000

ANOVA

Not Significant
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VI. DISCUSSIONS
1. Adsorbent effect of biochar
Table 2 shows that the Pili shells biochar in each bottle has indeed affected the amount of
pesticide residue present in the sample water. The larger the amount of biochar, the smaller the
pesticide residue (Malathion) that remained in the sample water.
2. Amount of Malathion residue remained in every water sample
For every 4.66264 ppm (4662.64 µ/L) of pesticide residue (Malathion), after the
experimentation, the lowest pesticide analyzed that remained in the sample water is 0.00012 ppm
(0.12 µ/L) (Table 2). For all the trials, the average percentage of residue removed is 99.931%
(Table 3). This implies that pili shells as biochar is a very efficient water purifier.
According to the World Health Organization (WHO) (Guidelines for Drinking-Water
Quality (1998) “Malathion on Drinking Water, concentrations of malathion much lower than 0.9
mg/litre (0.9 ppm) in drinking-water is unlikely to represent a hazard to human health.”
Thus, the present study’s results varying from 0.00012 ppm to 0.01889 ppm
concentration of Malathion is safe for human consumption.
3. Significant Difference Among the Treatments on the Effect of Pili Shells Biochar on
the Amount of Residue Remained in Each Treatment.
Based on the result of One-Way Analysis of Variance it can be inferred that there is no
significant difference between and among the effects of the different treatments as far as the
amount of residue retained in each treatment is concerned, since Fcalc < Fcrit (see Table 4).
This indicates that the treatments have the same level of effect.
4. Significant Difference Among the Treatments on the Amount (%) of Residue
Removed in Each Treatment from the Initial Baseline Residue Level.
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Based on the result of One-Way Analysis of Variance it can be deduced that there is no
significant difference between and among the effects of the different treatments as far as the
amount (%) of residue removed in each treatment is concerned, since Fcalc < Fcrit (see Table 5).
This indicates that the treatments have the same level of effect.

Low Cost Home-Site Water Purification System
This study has proven that a low cost home-site purification system can be made using
pili shells biochar. Below are the costs in making the model which amounted to a total of three
hundred sixteen pesos (P316) per piece.
Description
6L empty mineral water bottled
½ inch diameter PCV pipe
Epoxy
Faucet
Pili shells

Qty.

Unit Price

4 pcs.
3 ft.
1 set
1 pc.
1 sack

25.00
7.00
65.00
50.00
80.00
Total

Total Price
100.00
21.00
65.00
50.00
80.00
P 316.00

VII. CONCLUSION
Based from the results and upon analysis of data gathered the following conclusions are
hereby advanced:
1. Pili shells biochar exhibited adsorbent capacity on the insecticidal residue of Malathion in
distilled drinking water. The larger the amount of Pili shells biochar, the smaller the amount of
insecticide residue that remained in the water sample
From an amount of 4.66264 ppm, the amount of insecticide residue remained in the water
after purification process reduced to 0.00012 ppm to 0.01889 ppm. Thus, Pili shells biochar is an
effective water purifier..
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2. With an average percentage of residues removed at 99.931%, pili shells biochar is a very
efficient water purifier.
3. There is no significant difference between and among the different treatments as far as the
amount of insecticide residue (Malathion) remained in each treatment is concerned
4. There is no significant difference between and among the different treatments as far as the
percentage amount (%) of insecticide residue(Malathion) removed in each treatment is
concerned.
Based on these conclusions, indeed, a homemade water purifying system can be made using
locally based biomass Pili shells biochar as the main purifying materials. Pili shells can be
converted into biochar using very simple and low cost yet effective process. Furthermore, pili
shells biochar is an excellent water purifying material. As such, households are likely able to
create their own home-based water purifying systems since it will only cost a total of P316.00
per unit.

VI. RECOMMENDATION
After a thorough analysis of the data, the following recommendations are hereby made:
Pili shells already exhibited a high level of adsorption. Meanwhile, there are existing commercial
water filters that may perform a similar function. Furthermore, there are also available suppliers
of activated carbon. However, both products are very expensive. Commercial water filters may
range from P1,600 to P85,880 from Lazada.com.ph (2014) . While activated carbon costs
P2,500/sack at 20 kgs. Per sack.

1. Pili shells biochar capacity
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Pili shell’s effectiveness as biochar may also further be tested. Water contaminants such
as E-coli (Escherichia Coli); copper, cadmium, lead and other metals; and other contaminants
proven to be purified by biochar made from various types of biomass can be used to discover pili
shell’s capacity.
2. Comparative analysis of Pili shells bio char’s adsorbent capacity compared to
other biomass such as wood, coconut shells, etc.
Further study can be made by comparing the Pili shells biochar adsorbent capacity
compared to other biomass such as wood, coconut shells, etc.
3. Effective lifetime of the device
According to Josh Kearn’s Portable Drinking Water Plant (n.d.), the effective lifetime of the
biochar depends on the quality of the char, characteristics of the water source and the efficacy of
the methods used. For his own built biochar filter, supplying 300 L/ day should be refurbished at
least once per year.
The study only limited to three samples and three replicates. The length of period in which
the device can be used extensively without losing its effectiveness may further be tested.
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Figure 3. Preparation of Water Treatments
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