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ABSTRACT 

Ammonia gas volatilization in agriculture sector mainly in flooded rice systems needs 

to be studied in order to increase yield and productivity and reduce losses mainly in 

terms of economic. However, there is no research that have been conducted to measure 

how much ammonia gas loss from nitrogen containing fertilizers applied in flooded 

rice fields in Malaysia. Monitoring the ambient ammonia concentration at paddy fields 

and its surrounding is important because in Malaysia, residential area are located 

nearby. Excessive ammonia exposure at high concentration and long period of time 

can cause burning of the nose, throat and respiratory tract meanwhile for low 

concentrations can cause coughing, and nose and throat irritation. Readily available 

ammonia detector and sensors are sold at high price or with limitations such as 

detection limit where it cannot detect ammonia gas at a low concentrations since 

ammonia levels in the natural atmosphere can be very low due to wind and 

temperature. The gas analysis setup also should include a selective mechanism that 

only significant gas can affect the detector's surrounding system. In this study, a simple 

device to sample the ammonia gas at a low concentrations in flooded rice system is 

designed. 
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1.1 Overview 

CHAPTER I 

INTRODUCTION 

Nitrogen fertilizers are necessary for the rice crop growth and in increasing the 

yield. It promotes rapid growth of plants and improves the yield and quality of grains. 

Stunted plants with small yellowish green leaves and fewer tillers are symptoms of 

nitrogen deficiency. In agricultural systems, the application of fertilizers that contain 

nitrogen are very broadly used. Losses of ammonia volatilization in flooded soils range 

from insignificant to nearly 60% of the nitrogen used (Choudhury & Kennedy, 2005). 

In flooded rice systems, ammonia volatilization occurs at the surface of the flood 

water where nitrogen containing fertilizers are applied. As urea CO(Nffi)2 is easily 

hydrolysed to ammonium carbonate ((NH.)2CCh) in water, the carbon dioxide (CC>i) 

produced starts to convert to bicarbonate ion (HCQ3-) resulted in increasing value of 

pH. High pH value in soil is one of the factors of increasing ammonia volatilization. 

The use of carbon dioxide by algae and other aquatic life for their photosynthetic 

operations increases floodwater pH, resulting in significant losses of N due to 

volatilization of ammonia. Ammonium ions are weakly bonded to water molecules 

and converted into non-ionized ammonia (Nffi), which can leave water as gas. 

Another causes of increasing ammonia volatilization includes low rainfall 

frequency, moist soil or soil with high moisture content, high wind velocity, high soil 

temperature, low cation exchange capacity soil and poor buffering of soil. 
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2.2 Mechanism of ammonia volatilization in flooded rice fields 

In flooded rice systems, the floodwater zone is where ammonia volatilization 

occurred .. Ammonium based fertilizers dissociate straight from NH., while urea may 

break down to generate NH,.+ ions by catalytic hydrolysis. When NH.• is transformed 

to Nffi gas, volatilization can cause it to be lost into the ambiance. This is a significant 

consequence ofN loss for rice fields that have been flooded with water. 
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Figure 2 : Nitrogen transfonnation in submerged soil (Chauhan, Jabran & Mahajan, 2017) 

2.3 Current status of ammonia volatilization 

It has been brought into being that, in the worldwide, up to 64% (a standard of 

18%) of utilized N was lost as NIL. As a species of reactive nitrogen, ammonia (NIL) 

is lost via volatilization as one of the main pathways of N loss in fanning systems. 

While more than 40% of the N applied is described as being lost as Nl-b under certain 

ambient and edaphic conditions (Singh et al., 2013), an average of 14% of N is lost 

via volatilization from artificial fertilizers (Bouwman et al., 2002. De Klein et al., 
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2006). In China, the total Nffi discharge was reckoned to be 13.6 Tg for 2000, of which 

50% comes from fertilizer applications and another 38% from other sources of 

agriculture (Streets D. G. , 2003). 

Previous results showed that the amount of nitrogen lost vta ammorua 

volatilization during the rice growing season accounted for 9% to 40% of the total 

nitrogen applied (Lin et al., 2012). 

Asia's NIL emissions are 19.3 Tg/yr, 46% of the world's total. The main source is 

volatilization from livestock manufacturing and rural human waste, which accounts 

for 62% of total emissions, and the residual 38% is from nitrogen fertilizer 

implementation (Zhu, Xiong, & Xing, 2005). 

Table 1 : Estimation of Nitrogen (N) flux from Asia in 199')/2001 and 2030 (Zhu et al., 2005) 

Year East South South Central West Asia 

Asia East Asia Asia Asia Asia Total 

NIL emission 1999/2001 8.9 1.9 6.9 0.27 1.4 19.3 

(Tg/yr) 

2030 11.2 2.4 8.8 0.41 2.2 25.0 

Table 2 : Ammoni� emi�ion in Asia cowitries based on ��on sources (Zhu et al., 2005). 

NH3 

emissions 

Year Total . Source (in% of the total) 

emissions 

(Tg/yr) 

1999/2001 19.3 
2003 25 

13 
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since the pH is likely to rise as urea is hydrolysed to ammonium carbonate (Clain, 

Richard, Jason & Brad, 2007). Photosynthesis of plants and algae growing in water 

increases the pH of the water when flooded rice grows as CO2 is depleted during the 

daytime, causing pH to rise to 9. CO2 during plant respiration (forming carbonic acid) 

is released during the night and the water pH decreases again (Zhenghu & Xiao, 2000). 

2.5 Ammonia volatilization problems to health and environment 

2.5.1 Issues on environment 

China has been the world's largest source of Na emissions, which is why they 

have experienced extreme severe and persistent haziness in recent years and has 

caused death up to five life years averagely (Wu et al., 2016). Nffi contributes 

significantly to the formation of secondary inorganic aerosols (SIA) resulting in 

. alkaline gas pollution from the atmosphere. The finding shows that Nffi emissions 

have a significant impact on the average monthly (mean daily concentration) PM2.5 

(fine particles with aerodynamic diameters below or equal to 2.5µm), concentrations 

across major cities in China (Wu et al., 2016). They also suggested that NIL is the 

critical pollutant of PM2.5 nucleation - related acid - base reactions. 

Atmospheric Nffi also affects NIL+ when the Nl-13 deposits on plant surfaces, 

dissolves and is washed into the soil where it can increase soil acidity and interfere 

with basic cation absorption (Pearson & Stewart, 1993). Negative effects on 

vegetation occur through direct toxicity when absorption exceeds the capacity of 

detoxification and, via N build-up. Excess ammonia will contribute to increased 

nitrification and denitrification, greenhouse gas emissions and eutrophication 

( deprivation of oxygen). 
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2.5.2 Issues on health 

The ammonia gas that has volatilized also affects humans. Accidental acute 

exposure to ammonia makes eye injuries the most common cause of permanent 

disability. At a concentration of 140 ppm, gas ammonia is slightly irritating to the 

hwnan eye and immediately irritates at 700 ppm. While exposure to ammonia vapor 

of 40 ppm led to headache, nausea and decreased appetite. Mild ammonia gas exposure 

usually leads to temporary, irritating symptoms of the respiratory system. Dyspnea, 

wheezing, coughing, nasal discharge and bronchial secretions are immediate signs of 

accidental ammonia inhalation (Finis et al., 1989). 

2.6 Methods for determining the volatilization of ammonia 

There are many methods of determining ammonia volatilization in farmland 

includes direct method and indirect methods. 

2.6.1 Direct methods 

The direct methods are enclosure method where the soil, fertilizer and plants are 

enclosed together in an airtight container, and absorb the ammonia from the system 

by acid or alkaline substance, and then make quantitative determination. It is directly 

through the ammonia capture device to capture ammonia from the soil surface, 

commonly used in cell experiments, with advantages of simple equipment, easy to 

operate, good mobility, multi-point simultaneous measurement and spatial distribution 

measurement and high sensitivity (Song & Fan, 2003). But the ammonia in the sealed 

state of the process is completely different from the natural state. 
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Figure 5 : Simple passive sampler 

The sampler is made up of 2 glass vials, each 10 cm long and 0. 7 cm in diameter. 

The two glass vials are connected to each other with silicon tubing and another pair 

are placed in series. Then, the sampler is placed at support pole at different heights to 

obtain different value of Nlb emissions. A stainless steel disc with a hole was glued 

to the opening of sampler. The function of the stainless steel disc was to reduce the air 

velocity inside the pipes to obtain low friction force and maximum sampling 

effectiveness ofNHJ. Oxalic acid are used to coat inside the glass vials (Schjoerring, 

Sommer, & Ferm, 1992). 

Previous researchers (Thompson et al., 1990; Sommer et al., 1991) stated that 

there was a significant relationship between the Nffi flux and the wind speed when 

the wind speed was lower than 2.5 mis after slurry manure was applied. The result 

shows that in the daytime, the flux of ammonia volatilization was higher than that in 

the night time. This result indicates that the volatilization of Niu is positively related 

to the air temperature. Ammonia volatilization also occurs due to strong sunshine, high 

temperature, the use of high pH fertilizer, or sometimes, the unsuitable fertilizer and 

slurry application methods. In this experiment, the pH of the slurry was 7.84, and the 

slurry was only applied on the surface of the soil. 
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3.2 Available micrometeorological sampler for gas collecting 

3.2.1 Zurcher passive sampler 

Zurcher sampler is a polypropylene vessel on the upper side with a lid and a 

Teflon gasket and an outlet on the lower side. The 0.2 mm thick Teflon membrane is 

positioned 7 mm underneath the tube edge. It isolates the surrounding air from strongly 

diluted HCl solution as absorption liquid. A custom protection box was built at the 

passive sampler's entrance to overcome air turbulence (Thoni, Seitler, Blatter, & 

Neftel, 2003). 

The box comprises of an internal cylinder, opening at the base, enclosed by a 

closed container, at the top of the side wall with 21 air vents (diameter 9 mm) and 

seven at the bottom. 

Ammonia disperses into an acid absorption solution via a permeable 

membrane. The primary advantages are: first, due to the absorption of ammonium­

containing gases, it eliminates as much interference as possible, and second, it prevents 

the extraction phase of the covered surf aces in the samplers. 

64 

Teflon gasket 

Cover 

tr#��- Teflon membrane 
tu._=:jmt-- Diffusion path 

20 

Figure 8 : Zurcher sampler with dimensions in mm 
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Figwe 9 : Custom protection box for 2.urcher sampler 

3 .2.2 Leuning ammonia sampler 

This Leuning sampler is a collection device that point into the wind and 

completely remove the NH] contents from the airstream that enters the device at the 

front and leaves it through an orifice at the rear. It comprises of an entry nozzle, an 

exterior cylinder equipped with pivots and fins to maintain the equipment parallel with 

the wind and a Venruri cover that supports a thin stainless steel orifice plate. 

Stainless steel was used to build inner absorbing structures consisting of a spiral of 

thin layer coiled on two wire retainers connected to a core steel tube. 

As the airstream impacts on these coated surf aces, the Nib molecules react 

with the oxalic acid, forming (Nlu)2C2O.- (ammonium oxalate) crystals. At the end of 

the collection period, these, together with any excess oxalic acid, must be washed off 

the surfaces and analyzed for NH.-+ concentration (Yao & Zhang, 2013). 

Oxalic acid has been selected as the absorbent for ammonia since Ferm (1979) 

proved that ammonia gas could be fully absorbed by oxalic acid coatings at all relative 

air flow, humidity and that differences in temperature are not anticipated to impact the 

effectiveness of absorption. 
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3D printing is used to create the fin and nozzle of the sampler. The material 

for both parts are Acrylonitrile Butadiene Styrene (ABS). ABS material has excellent 

physical characteristics, such as good tensile resistance and rigidity where the material 

are usually used to make car bumpers and LEGO products. It is also have a high 

resistance towards heat and chemical. ABS also have proven has an excellent 

resistance to oxalic acid ("Acrylonitrile-butadiene-styrene (RAU-ABS)," 2013) 

Figure 18 : Process of making fin and the fittin� 

After making 3D drawing in the AutoCAD, 3D printer are used to create a 3D 

model of fin and funnel. 3D printer used in this study is Flashforge Creator Pro model. 

At the earlier stage of printing process, an HOPE plate was used as the construct 

platform to ensure the bottom layer adhesion. In this process, the object is created by 

laying down successive layers of ABS material until the object is created. Each of 

these layers can be seen as a thinly sliced horizontal cross-section of the eventual 

object. The nozzle in the printer is heated to melt the material and can be moved in 
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4.1.5 Cost 

Table 4 : List of items and price per unit. 
Description Quantity Cost 

--4, 0
• • •• -··- ··- • • •• • · -· · -., ........ ---- -· o �-• ..,...._,, •• ••t 'I, , .. , .... - • •  - , 0 ·-·-- _..,,. __ � 

RS Pro Stainless Steel Rod : 1 - • MYR 11 .99/�rrit _ •• _,_
(300mm length, 20mm dia.) 

- -

RS Pro Red Steel Shim (1.25m x '. 

150mm x 0.1mm) 

- RS-l>�o-Red Steel shim (i.25m .. x 1 •

150mm x 0.05mm)
.. . . -- - . 

PVC pipe 

TOTAL 

- . .. ! ..

1
. -- . . . - . - - - . . . - .. . -- - ·- -- . -

MYR 392.61/unit 

- -- f. --· --·----� ----- -MYJl-32i.fiJunit ----

1 

, 

' 

MYR 9.00/meter 
- - L- - - . - ·

MYR803.11 

Since the fabrication used half of the stainless steel rod and stainless steel shim, 

the overall cost will be divided by two. So, the cost for stainless steel items used is 

MYR 399.05. PVC pipe that is used is 170mm, so cost for PVC pipe for the sampler 

outer body is MYR 1.53. Meanwhile for 3D printing, the Flashforge printer is readily 

available in the department. The cost for printing by using ABS material is as below 

Funnel 

Fin 

TOTAL 

Item 

Table 5 : Costing for 3D printing. 
Quantity 

.. .. -

1 

1 
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As stainless steel has the least machinability (Stainless Steel - Design 

Considerations, 2002) due to lack of suitable machine availability, process of cutting 

stainless steel shim can be quite hard as these thin sheets experienced buckling. 

When doing hand fabrication of small parts, there are some limitations to it. In 

this study, there are limitations of making the spiral shape for stainless steel shims. So, 

to simplify the process, three rings of stainless steel shims of different diameter are 

used. The distance between rings are 10mm each. It is the most suitable and 

constructible for hand fabrication. 

4.2.3 Advantages and disadvantages of sampler 

This sampler is very simple to use, in contrast to techniques which require 

anemometers, pumps, flow meters and electrical power. It can be used for sampling 

other types of gas as well by changing the type of chemical for trapping different types 

of gas emissions. 

Despite of the advantages, this sampler requires a large and flat test area to do 

overall testing for the whole area of paddy field. To test the sample of ammonia gas 

collected can be quite complex because it requires expensive measuring instruments 

to measure the amount of ammonia gas collected in the sampler. The ammonium 

(NH4 •) concentration in the extract solution was measured with an ion-specific 

electrode (ISE-10-10-00, HNU Systems, Newton, MA, USA) (Laubach, Taghizadeh­

Toosi, Sherlock, & Kelliher, 2012). 
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