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Abstract - Amounts of food product all around the world has contaminated with several toxic chemical substance such as 
DDT, but many consumer needs a green organic product for better life. This demand has pushing agriculturer to change 
traditional methods forward to real organic techniques for nontoxic product. However, organic process have a main problem 
about highly budget and low productivity. According to this problem, we will propose a novel method to replace chemical 
method to physical procedure by using a swelling behavior and plasticity property of waste sediment from the tap water 
filtration process which can be make insecticide for kill insect like a chemical substance can be done. When the insect inhale 
a dried sediment and small water droplet in its respiratory tube, the mixture of them will be swelling and changing to organic 
plastic film block up oxygen flow, insects are killed. In laboratory testing has satisfiable result, that cause to expanding 
testbed to prototype scale in the arigicaltural area for the future. 
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I. INTRODUCTION 
 
Many decade ago, almost population of the world 
was suffering with chemical contamination in water 
resource, ground, atmosphere, and food product. 
According to various toxic reports such as the US 
Geological Survey (USGS), their work is monitoring 
and report situation of contamination level on ground 
and surface water for 76 pesticide and seven pesticide 
breakdown product. A survey found that 90 % steams 
and 50% of wells tested were positive for last one 
pesticide (USGS; 
ca.water.usgs.gov/pnsp/index.html). Contamination 
Process can be explain in figure 1. A toxic research 
report in India which investigate by V.K. Bhatrager et 
al[9]. show a critical level of pesticide residues in 
human blood in India as shown in Table 1. And a 
serious report about pollution was found in the soil 
under a historically DDT workshop in China that 
researched by Wenbin Liu et al[9], they show that the 
levels of DDT contamination increased significantly 
with nearly farming area, which mainly cause the 
infiltration of rainwater.  
 

 
Fig.1. Pesticides in the atmosphere and water.[Ref. form The 

US Geological Survey (USGS))] 

For our opinion, we should replace chemical 
insecticide and high pressure spraying system from 
an agricultural area and substitute them with a new 
process that harmful less for our environment. We 
consider many possible method to kill insect without 
chemical substance such as using of phytochemicals, 
but almost insect will resist phytochemicals action as 
soon, physical effect is an one method to substitute 
chemical process. Because of insect respiratory 
consist of small tubes network or tracheal, that is a 
weakness of them, if we can shut down 70 % of 
insect tracheal all insect will die.. 

 
II. SELECTED METHOD TO REPLACE 
TOXIC SUBSTANCE 
 
Our research team have looking for the best way to 
exit from using chemical toxic substance. Touching 
base to basic, all insects are aerobic organisms, they 
must obtain oxygen (O2) from their environment to 
survive.   They use the same metabolic reactions as 
other animals. Their respiratory system is responsible 
for delivering oxygen to all cells of the body and for 
removing carbon dioxide (CO2).The respiratory 
system of insects is separate from the circulatory 
system.   It is a complex network of tiny flexible tube 
or tracheal system that delivers oxygen to every cell 
of the body from an outside air(as shown in figure 3. ) 
 

 
Fig.2. Insect Respiratory System. 
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If we can close tracheal as same as chemical 
insecticides have done, insects will be killed. Physical 
process may be a proper way, swelling of natural 
substance is an one of many processes that we had 
looking and spending more than two years to find 
some suitable substance which have swelling 
capability, low cost and nontoxic. We found massive 
amount of waste sediment from tap water filtration 
process (Fig.3.); tap water sediment (TWS).  
 

 
Fig.3.. Waste sediment from tap water filtration process 

 

 
Fig.4. An enlarge view of TWS by Scanning Electron 

Microscope (SEM) at Central Lab. Kasetsart University 
 
The TWS has ten chemical compositions as shown in 
table 1. The phase-relationships in terms of mass-
volume and weight-volume for a soil mass are shown 
by a block diagram in Fig. 5. A block of unit 
sectional area is considered. The volumes of the 
different constituents are shown on the right side and 
the corresponding mass/weights on the right and left 
sides of the block. The mass/weight of air may be 
assumed as zero.A most importance characteristic of 
TWS is a thick suspension of it can gradually 
swelled, the water mixture undergoes changes from a 
solid state through a plastic state and finally into a 
liquid state. 
 

Chemical Name Compositions (%) 
SiO2 

Al2O2 
Fe2O3 
CaO 
MgO 
SO3 

Na2O 
K2O 
LOI 

47.51 
13.14 
20.0 
30.24 
N.D 
N.D 
0.41 
1.63 
0.42 

Table 1.  Chemical Compositions of TWS. *Ref. from [20] 

 

 
Fig.5. A block of unit sectional area and three phase mixture 

system of TWS 
 
TMS can swelling after mixing with small size water 
droplet, TWS can enlarge itself  50% to 220% (ref. 
[4],[5],[8]) from solid state to plastic state. 
Experimental result of swelling transition measuring 
by void ration parameter (e) in equation 1 and shown 
in graph of Fig. 7. 
 

e    =  V/Vs  (1) 
 
when: V = Final Volume of TWS Mixture , and  Vs 
= Volume of TWS at solid state 
 

 
Fig.6.Experimental Result of TWS Mixture  

(with small size water droplet) 
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And the last excellent property is inter combinability 
characteristic (ref. [3]). The sizing of TWS vary from 
50 to 100 µm which can pass through the insect 
respiratory tube and enlarge itself after mixed with 
moisture or water droplet.  
 
However, the water droplet size must be smaller than 
insect respiratory tube therefore mixing process can 
be occur. According to our last researching [1], small 
size of water droplet can be produced by ultrasonic 
nozzle with 10-80 µm diameter size as shown in 
figure 6. The Mixing of TWS and water droplet will 
slowly swelling in two minute with 40 % 
enlargement, as shown in the figure 7 by optical 
microscope with magnification zoom x2000. TWS is 
generally a three phase mixture system. It consists of 
solid particles, liquid and gas. The phase mixture 
system may be expressed in SI units either in terms of 
mass-volume or weight-volume relationships. The 
inter relationships of the different phases are 
important since they help to define the condition or 
the physical make-up of new method to replace 
chemical effect. 
  

 
0.0sec   240.0 sec 

Fig.7. Swelling and inter combination behaviour of TWS after 
mixed with water droplet. (Optical Zoom x2000) 

 
III. NOVEL INSECT KILLING PROCESS 
 
All various type of insecticide such as DDT has a 
potential to block up insect respiratory, but its can 
slowly kill human by its residue toxic in our 
environment. Our research aim to find out some 
nontoxic material which has physical property that 
can be done like chemical insecticide. According to 
aerobic organisms of insects, there are many tracheal 
which can be closed by swelling effect of tap water 
sediment powder (as shown in fig.8). The mixture of 
TWS and small size water droplet can swell block up 
insect respiratory tube in 3 minute. Almost insect 
beneath the closed space dome will be killed in rage 
of time about 7 - 15 minute. However this method 
need special equipment such as mobile robot to bring 
TWS and water droplet to agricultural field, then we 
plan to investigate to design and build a prototype 
robot and move them to field test as soon (The future 
prototype is under development as shown in Fig.9. ), 
and need field surveying to find out insect target type 
for right selection of proper TWS particle side to use 
in spaying process, pest hunter will not be killed by 
TWS.  
 
 

 
Fig. 8. Swelling of TWS in insect tracheal. 

 

 
Fig. 9. Robot and closed space dome in testing area. 
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Fig. 10. Insect killing process. 

 
SUMARY AND FUTURE WORK 
 
We can kill pest insect by swelling characteristic of 
mixture of TWS and excited water droplet in 
laboratory scale, insect will be killed in 7- 15 minute 
after spaying process. Our research plan, we will 
move forward to prototype scale with field mobile 
robot and prepare a small side experimental area to 
research. The robot has two arms with closed space 
dome and installed  TWS spaying equipment, water 
droplet exciter and smoke generator that shown in fig. 
9. 
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