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ABSTRACT 

         The objective of this research was to study the utilization of sludge cake from a textile 

factory to produce fertilizer in order to cultivate Green Kuang Futsoi (Brassica chinensis).  

The study on Green Kuang Futsoi growth responses to different amounts of textile sludge 

cake, lime and soil mixture (SLS mixture) was investigated.  Various ratios of SLS mixture 

were applied at 0:0:625, 1:0:625, 1:0.004:625, 1:0.008:625, 2:0:625, 2:0.004:625, 

2:0.008:625, 4:0:625, 4:0.004:625 and 4:0.008:625. The SLS mixture was analyzed for pH, 

Cation Exchange Capacity (CEC), total Nitrogen, available Phosphorus and exchangeable 

Potassium at before and after planting.  Yields of Green Kuang Futsoi were measured in dry 

weight.  In addition, the plant was measured for heavy metal concentrations. 

         The results showed that the levels of pH, CEC, total Nitrogen, available Phosphorus, 

and exchangeable Potassium in SLS mixture before planting were in similar range.  After 

planting, the level of total Nitrogen was decreased; while CEC, available Phosphorus, and 

exchangeable Potassium was increased.  Lime did not seem to have any effects on pH, CEC, 

total Nitrogen, available Phosphorus, and exchangeable Potassium in SLS mixture.  The 

mixture of 8 grams of sludge cake and 2.5 kilograms of soil (SLS mixture ratio= 2:0:625), 

without lime, was the optimum component to give highest yield of Green Kuang Futsoi.  The 

amount of heavy metals in stems and leaves of Green Kuang Futsoi was within the safety 

standard for consumption, and not exceeding the harmful level in plants.                                     
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บทคัดยอ 
          งานวิจัยเรื่องนี้มวีัตถุประสงคเพื่อนํากากตะกอนน้ําเสียจากโรงงานฟอกยอมมาผลิตปุย  โดย
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ดังกลาว คือ ความเปนกรดดาง, ความสามารถในการแลกเปลี่ยนประจุบวก, ปริมาณไนโตรเจน
ท้ังหมด, ปริมาณฟอสฟอรัสท่ีเปนประโยชน และปริมาณโปแตสเซียมท่ีสามารถแลกเปลี่ยนได  
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CHAPTER Ι 

INTRODUCTION 

 

 

1.1  Statement of the Problem 

 

 Thailand is popular for its textile products.  Textile processes consist of yarn 

formation, fabric formation, dyeing, printing and fabrication.  Each process produces 

different quality and quantity of wastewater, but wastewater occurs mainly from 

dyeing and printing processes (1).  

 

 The activated sludge process has been used to treat wastewater from dyeing 

and printing processes of Samut Prakarn textile factory.  The amount of wastewater 

produced from fabric preparation, dyeing and printing processes is about 2,500 

m3/day. Sewage sludge is squeezed off by filter press belt and generates sludge cake.  

Hence, large amount of sludge cake from textile factory must be controlled the quality 

before being disposed of. Sludge cake consists of high Nitrogen which can act as 

fertilizer for edible leaf vegetable, when mix with soil.  Unfortunately, reaction of 

sludge cake has an acidic property due to ferric chloride addition for sludge 

agglomeration.  Therefore, to improve soil-sludge mixture condition, lime should be 

added to reduce environmental impact from acidic sludge (1). 

 

 In 2005, about 95% of chemical fertilizer in Thailand was imported (2). 

(2,873,513 metric tons with value of 17,852 million baht) (3). Therefore, the 

increasing usage of organic fertilizer can reduce the imported value of chemical 

fertilizer.  Utilization of sludge from wastewater treatment is another choice to replace 

chemical fertilizer and reduce the amount of sludge to be disposed of.  Soil properties 

can be improved by balancing the circulation of nutrient with organic matter 
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can be improved by balancing the circulation of nutrient with organic matter 

substitution. It also reduces cost of chemical fertilizer for Thai farmers (4). 

 

 This research is to study the optimum ratio of sludge cake, lime and soil for 

Green Kuang Futsoi planting with no harmful effects of heavy metals. 

 

1.2  Research Objective 

 
1.2.1  General Objective 

 

 The objective of this research was to apply sludge cake from treated textile 

sludge to produce fertilizer. 

 

 1.2.2  Specific Objective 

 

 1.2.1  To analyze sludge cake properties. 

  1.2.2  To investigate the appropriate proportion of sludge cake mixture 

in order to produce optimum yield of Green Kuang Futsoi. 

  1.2.3  To ascertain the concentrations of heavy metals in Green Kuang 

Futsoi at the time of harvesting. 

 

1.3  Research  Hypotheses 

 
1.3.1  Primary nutrients in sludge cake will be detected. 

1.3.2  The sludge cake contains sufficient nutrients to be used as fertilizer. 

1.3.3  The levels of heavy metals in Green Kuang Futsoi are within the standard 

for food safety (Public Health Ministry Announcement, Issue 98, 1986) 
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1.4  Research Variables 

 
 1.4.1  Independent Variable 

  Ratio of sludge cake: lime: soil 

 

 1.4.2  Dependent Variables 

  -  pH of sludge cake: lime: soil (SLS) 

 -  Cation Exchange Capacity (CEC) of SLS mixture 

 -  Total Nitrogen (Total N) in SLS mixture 

          -  Available Phosphorus (Avail. P)  in SLS mixture  

 -  Exchangeable Potassium (Exch. K) in SLS mixture 

 -  Dry weight of Green Kuang Futsoi at the time of harvesting 

 -  Manganese (Mn) in Green Kuang Futsoi   

 -  Zinc (Zn )in Green Kuang Futsoi 

 -  Copper (Cu ) in Green Kuang Futsoi 

 

1.4.3  Control Variables 

 -  Type of soil 

 -  Type of sludge cake 

 -  Size of soil 

 -  Size of sludge cake 

 -  Type of vegetable 

 -  Size of seedling 

 -  Volume of water 

 -  Number of soil loosening 

 -  Harvesting time 

 

1.5  Scope of Study 

 
 1.5.1  The sludge cake was from wastewater of textile industry in Samutprakarn 

Province. 
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 1.5.2  Soil sample was Samutprakarn Series soils from the textile factory in 

Samutprakarn Province. 

 1.5.3  Ratios of SLS mixtures were 0:0:625, 1:0:625, 1:0.004:625, 1:0.008:625, 

2:0:625, 2:0.004:625, 2:0.008:625, 4:0:625, 4:0.004:625 and 4:0.008:625. 

 1.5.4  The analysis of soil properties before and after planting was pH, Cation 

Exchange Capacity (CEC), total Nitrogen (Total N), available Phosphorus (avail. P) 

and exchangeable Potassium (exch. K). 

 1.5.5  The selected plant in this study was Green Kuang Futsoi. 

 1.5.6 The heavy metals analyzed in Green Kuang Futsoi were Manganese 

(Mn), Zinc (Zn), Copper (Cu), Tin (Sn), Lead (Pb), Arsenic (As) and Mercury (Hg). 

 1.5.7  The production of Green Kuang Futsoi was observed on the 35th day after 

planting. 

 1.5.8  The study sites were green houses at the Fertilizer Technology Center, 

Thailand Institute of Scientific and Technological Research, Phathumthani and 

Laboratory of Sanitary Engineering Department, Faculty of Public Health, Mahidol 

University. 

 

1.6  Conditions and Limitations of Work 

 
  1.6.1  This experiment was carried out in lab scale at the green house of the Fertilizer 

Technology Center, Thailand Institute of Scientific and Technological  Research. 

 1.6.2  In this experiment, lime requirement of soil mixture before determining lime 

level was not calculated. 

 1.6.3  Light, temperature and moisture in ambient air were not measured. 

 1.6.4  The season of planting was during August to September. 

  

1.7  Definitions  

 
 1.7.1  Sludge cake: the sludge from wastewater of textile industry after being squeezed. 

 1.7.2  Fertilizer: materials or substances added to the soil to increase plant nutrients 

for growth and balancing plant requirement. 
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 1.7.3  Organic material: organic compounds from plant, organic residues and 

microorganism.  They are solid and liquid phase and can improve the chemical, 

physical and biological properties of soil such as sludge cake. 

 1.7.4  Primary nutrients: Essential elements for plant growth that is needed in 

high level. In this experiment are Nitrogen, Phosphorus and Potassium. 

 1.7.5  Heavy metals: toxic elements for plant and human, which are Zinc, Copper, 

Manganese, Tin, Lead, Arsenic and Mercury. 

 1.7.6  Green Kuang Futsoi: Chinese green mustard, scientific name is Brassica 

chinensis var parachinensis. 

 1.7.7  SLS mixture: Sludge cake, lime and soil mixture. 

 1.7.8  pH: a measure of the acidity or basicity of solution 

 1.7.9  Cation Exchange Capacity (CEC): a value given on a soil analysis report 

to indicate is capacity to hold cation of nutrients. 

 1.7.10 Electrical Conductivity (EC): a measure of a material’s ability to conduct 

an electric current. 

 1.7.11 Total Nitrogen (Total N): a component of organic and inorganic Nitrogen  

 1.7.12 Available Phosphorus (Avail. P): the sum of the Phosphorus in available 

form as P2O5 for plant growth 

 1.7.13 Exchangeable Potassium (Exch. K): The proportion of Potassium in available 

form for consumption. 

 1.7.14 Dry weight:  Dry weight of total biomass which consists of stem, leaves 

and root after bake 24 hours at 70°C by hot air oven. 

 1.7.15 Yield production: dry weight in Green Kuang Futsoi at 35 days after planting. 

 1.7.16 Maximum yield treatment: maximum dry weight of Green Kuang Futsoi at 35 

days after planting in this trial. 
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1.8  Conceptual Framework 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure1.1 Conceptual framework 

SLS mixture  
0:0:625 
1:0:625 
1:0.004:625 
1:0.008:625 
2:0:625 
2:0.004:625 
2:0.008:625 
4:0:625 
4:0.004:625 
4:0.008:625 
 

1. SLS  Mixture 
(Before-After Cultivating) 

 - pH 
 - CEC 
 - Total N 
 - Avail. P 
 - Exch. K 
2. Green Kuang Futsoi 
       - Dry weight 
       - Heavy Metals in Green 
          Kuang Futsoi   
        - Mn 
        - Zn 
        - Cu 
       - Sn 
    - Pb 
    - As 
    - Hg 

 
 
 

Cultivate   
Green Kuang Futsoi 

35 days 
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CHAPTER II 

LITERATURE REVIEWS 

 

 

2.1 Process in Textile Industry 

 
 The textile industry has four main procedures comprising yarn formation, 

fabric formation, wet processing and fabrication.  These stages are highlighted in the 

process flow chart shown in Figure 2.1. 

 

 
 

Figure 2.1 Typical textile processing flow chart (5)
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2.2 Case Study of Wet Processing Textile Industry. 

 
 Case of study is wet processing a textile factory in Samut Prakran province 

has 3 steps:  preparation, dying and printing and finishing.   

 

1. Preparing 

 

 This step started with grey cloth as cotton, polyethylene and rayon passing 

through singeing, desizing, scouring, bleaching, first bath, mercerizing and heat 

setting.  This process generates major nutrient: Phosphorus (inorganic polyphosphate 
in scouring) and Potassium (Potassium persulfate) in desizing. 

 

2. Dyeing  and  Printing 

 

Dyeing is prepared-cloths to dye by chemical and colors. Chemicals for 

example are urea, soda ash, hydrogen sulfide.  Colors used are disperse dye, vat dye, 

reactive dye and pigment dye.  This process is jet-dyed by placing it in a heated tube 

or column where jets of dye solution are forced through it at high pressures.  The dye 

is continually recirculated as the fabric is moved along the tube. 

 

 Printing uses rotary screen printing.  Rotary screen printing used seamless 

cylindrical screens made of metal foil.  The machine uses a rotary screen for each 

color.  As the fabric is fed under uniform tension into the printer section of the 

machine, its back is usually coated with an adhesive force which causes it to 

adheresive force to a conveyor printing blanket.  Some machines use other methods 

for gripping the fabric.  The fabric passes under the rotating screen through which the 

printing paste is automatically pumped from pressure tanks.  A squeegee in each 

rotary screen forces the paste through the screen onto the fabric as it moves along. 

The fabric then passes to a drying oven.  Printing methods use oval print, resist print, 

discharge print, cosmo print, opal print, burn out print, enshuku print and puff print. 

Main chemical used urea for dyeing and printing process.  
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 3.  Finishing 

 

 This step includes heat setting, brushing, napping, softening, optical finishing, 

shearing and compacting.  Then, inspecting, arrange and delivery as shown in figure 

2.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 The process of textile factory. 

 

 Wastewater from this factory is treated by activated sludge process.  Firstly, 

approximately 1,250 cubic meters per day of wastewater from printing along with 

preparing, dyeing and finishing is trapped by oil and grease trap and then is moved 

forward to equivalizing tank in order to adjust constant influence.  Secondly, it is 

passed through cooling tank to adjust the temperature to be lower than origin 

wastewater’s.  Thirdly, sulfuric acid is added to adjust for suiTable pH at 

neutralization tank.  Then, it is passed through aeration tank1 and aeration tank2, 

consecutively, in order to oxygen adding system for growth microorganism.  After 

that, these wastewater is delivered to 2 sedimentation tank which precipitate sludge 

Grey Cloth 

Preparing 

Dyeing Printing 

Finishing 
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twice tank.  At Sedimentation Tank1, part of fresh water is hand at sump and part of 

sludge is recycling to add microorganism at Aeration Tank1.  Part  of  sedimentation  

tank  2  as  same  as  sedimentation  tank1  but  partial  sludge  which  is returned  to  

aeration tank1, is sent to filter  press belt for dewatering.  At this stage, ferric chloride 

and cation polymer are added before sending to Belt Filter Press.  Finally, this 

wastewater treatment process obtains sludge cake.  Shown in figure2.3 and figure 2.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure2.3   Wastewater treatment process of textile factory. 

 

                                                Sludge 

                                                           +  Ferric chloride and Cation polymer 

 

                                            Belt filter press 

 

 

                                            Sludge Cake 

Figure 2.4 Sludge treatment process of textile factory. 
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2.3 Sludge and Biosolids 

 
 Sludge is defined as the solids moved from wastewater during treatment and 

concentrated for further treatment and disposal.  As wastewater treatment standards 

have become more stringent because of increase, the further handling, treatment, and 

disposal of sludge from municipal, as well as industrial wastewater treatment plant, 

has become a complex management/economic/regulatory/ecological burden.  The 

cleaning process at the wastewater treatment plant is fairly straightforward.  First, 

large solids are settled or screened out of the wastewater.  Next, the smaller solids and 

dissolved materials are biologically removed from the wastewater using naturally 

occurring microorganisms, which feed on the contaminants in the wastewater.  

Finally, the excess microorganisms applied to clean the wastewater are settled out. 

The settled solids, the excess microorganisms, are called sewage sludge.  Proper 

sludge management is an opportunity to reuse these materials and be a benefit to the 

community (6). 

 

“Biosolids" means solid, semisolid, or liquid residues generated during 

primary, secondary, or advanced treatment of domestic sanitary sewage through one 

or more controlled processes that reduce pathogens and attractiveness to vectors (flies, 

mosquitoes and rodents).  These processes include, among others, anaerobic 

digestion, aerobic digestion and lime stabilization (7). 

 

Sludge is a generic term for solids separated from suspension in a liquid by a 

variety of processes.  Most commonly sludge refers to solid waste extracted in the 

process of sewage treatment; the term sewage sludge is used commonly.  When fresh 

sewage or wastewater is added to a settling tank, approximately 50% of the suspended 

solid matter will settle out in about an hour and a half.  This collection of solids is 

known as raw sludge or primary solids and is said to be "fresh" before anaerobic 

processes become active.  Once anaerobic bacteria take over, the sludge will become 

putrescent in a short time and must be removed from the sedimentation tank before 

this happens. 
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This is commonly accomplished by two different ways.  In an imhoff tank, fresh sludge 

is passed through a slot to the lower story or digestion chamber where decomposition by 

anaerobic bacteria takes place resulting in liquefaction and a reduction in the volume 

of the sludge.  After digesting for an extended period of time, the result is called 

"digested" sludge and may be disposed of by drying and then landfilling.  It has value 

as a soil conditioner and has some nutrients found in fertilizer, being similar to 

humus.  Alternately, the fresh sludge may be continuously extracted from the tank by 

mechanical means and passed on to separate sludge digestion tanks which operate at 

higher temperatures than the lower story of the imhoff tank and as a result digest 

much more rapidly and efficiently.  Excess solids from biological processes such as 

activated sludge can also be referred to as sludge, although more often called 

biosolids among water professionals in the United States (8). 

 

Disposal of Sludge basically conducted in 5 methods (13). 

1.  Land application 

2.  Landfill 

3.  Incineration 

4.  Composing 

 

 Mainly biosolids of textile industry disposed by land landfill and composing. 

Textile industry produces wastewater that is processed in the same manner as 

municipal wastewater.  The solids removed from these industrial wastewaters can be 

applied in land if they meet the same stringent standards for biosolids.  This industry 

whose solids are often beneficially recycled onto land.  The Virginia Department of 

Environmental Quality issues permits to applicators of industrial wastes. (Table2.1) 
(9). 
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Table 2.1 Properties of textile mill sludge from Several Southern States (10) 

 

Textile mill sludge Sludge Properties 
Median Range 

Solid content of liquid wastes 
(%) 

 
6.9 

 
0.6-13.5 

Ash % of solids 
 (%) 

 
43 

 
14-76 

Total N of solids  
(%) 

 
2.8 

 
1.0-7.9 

Total N of liquid fractiona 

(mg/l) 
 

22 
 

16-112 
Total P of solids 
 (%) 

  
0.9 

 
0.3-2.0 

Total K of solids  
(%) 

 
0.2 

 
0.1-0.3 

Total Ca of solids 
 (%) 

 
0.5 

 
0.1-0.8 

Total Mg of solids  
(%) 

 
0.2 

 
0.1-0.4 

  

aPredominantly NH4+-N 

 

 In North Calorina, textile biosolids through land application in agriculture 

provides a valuable supplemental organic fertilizer to farmers and a fairly straight 

forward biosolids management option for the textile industry (11). 

 

2.4  Lime 
 

  Calcium oxide is a white crystalline solid with a melting point of 2572°C. It is 

manufactured by heating limestone, coral, sea shells, or chalk, which are mainly 

CaCO3, to drive off carbon dioxide.  

                                                                                                                                                      

                     CaCO3(s)                        CaO(s) + CO2(g)                                                                           

This reaction is reversible; calcium oxide will react with carbon dioxide 

to form calcium carbonate form.  The reaction is driven to the right by flushing carbon                        

500-600  0C
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dioxide from the mixture as it is released.  The production of calcium oxide from 

limestone is one of the oldest chemical transformations produced by man.  Its use 

predates recorded history.  Most ancient languages have a word for calcium oxide.  In 

Latin it is calx, from which the name of the element calcium is taken.  In English, its 

name is lïm, which is the origin of the modern commercial name for calcium oxide, 

namely lime.  The abundance of limestone in the Earth's crust and the ease of its 

transformation to calcium oxide do not alone explain why the lime is one of the oldest 

products of chemistry.  Lime has many properties that make it quite valuable.  It is so 

useful, that it is today produced industrially on a vast scale; over 20 million metric 

tons were produced in the U.S. in 2000.                    

  

 The oldest uses of lime exploit its ability to react with carbon dioxide to 

regenerate calcium carbonate.  When lime is mixed with water and sand, the result is 

mortar, which is used in construction to secure bricks, blocks, and stones together. 

Mortar is initially a stiff paste that is laid between the bricks.  It gradually hardens, 

cementing the bricks together.  At room temperature, the reaction of lime with carbon 

dioxide is very slow.  It is speeded by mixing lime with water.  When lime is mixed 

with water, it forms calcium hydroxide, called slaked lime.  

 

                   CaO(s) + H2O(l)                            Ca(OH)2(s) 
 

The addition of lime or calcium hydroxide in some biosolids stabilization 

treatment processes can provide calcium carbonate equivalencies of 10-50 percent.  It 

is possible that the lime potential of these biosolids can limit waste application rates 

on poorly-buffered, coarse-textured (i.e., sandy) soils having a high soil pH. 

Preventing the pH of these soils from rising above 6.8 is necessary to eliminate the 

risk of inducing micronutrient (e.g., manganese in small grains and soybean, zinc in 

corn) deficiencies (9). 
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Land disposal of raw sludge is objectionable primarily because the sludge 

contains a large quantity of pathogenic microorganisms and heavy metals. 

Furthermore, biological conversion of the sludge cake into an inert material can create 

odor problems.  Lime stabilization of raw sludge can improve its acceptability for 

land disposal.  Lime addition to raw sludge does render it permanently sTable because 

the pH eventually drops and surviving organism, or organisms that decontaminates 

the sludge, can create nuisance conditions.  Disposal in sanitary landfills of dewatered 

lime-stabilized raw sludge has been suggested but is now illegal. In another cases, the  

sludge  should  be  deposited  in  thin  layers  and  covered  daily (6). 

 

2.5 Agricultural Land Application of Biosolids 
 

 Beneficial-use of biosolids has been widely used in agricultural land 

application.  The design approach for agricultural land application emphasizes on the 

fertilizer and soil-conditioner for value added of biosolids, with the final biosolids 

land-application rates (ton/acre) being limited by either the nutrient crop requirements 

or the pollutant concentrations.  Before initiating the biosolids land-application 

design, it is assumed that the engineer or planner has completed the following tasks 
(12) : 
 

 Received information on biosolids quality and rate generation from 

publicly owned treatment works. 

 Completed preliminary planning 

 Chosen a transportation system to convey the biosolids. 

 Selected the agricultural land-application method (e.g., injection, 

spreading, or incorporation) to be used. 

 Obtained results from soil testing indicating soil texture, nutrient levels  

and  pH 

 

 Low microorganism of biosolids can use agriculture by high temperature (hot 

air or machine exchanges heat) at more 70 0C 1 hour.) and dry water more 75% of dry 
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weight (Exposed to the sun at 20 cm. of sludge deep more 1 month together turn over 

their material) (13). 

 It was possible for the sludge to be agricultural benefit since it had contained 

certain properties, such as, the available nutrients in the sludge that needed 

for plants growth.  The ability of degradation of sludge made it highly capable of 

becoming fertilizer as well as more tendencies of use the sludge for highest 

agricultural benefits. With the high pressure of cost rising for sludge elimination, 

increasing sludge volume from wastewater treatment, chemical fertilizer price 

fluctuating, including strictly environmental laws for pollution prevention, therefore, 

sludge should be appropriately managed (14). 

 

1. Ability to improve soil physical properties 

 

 The sludge contained of low density which can reduce soil physical properties 

by altering soil’s structure with more holes, reduction of soil density and increasing 

soil ability to retain water.  Besides, biodegradable microorganism had created 

cementing agent which caused soil particles to aggregate, thus increasing water 

irrigation to make soil more suiTable for growing plant. 

 

2. Ability to improve soil chemical properties 

 

            The sludge can add organic matters to the soil, then increase cation exchange 

capacity (CEC) for the soil to gain better absorption of positive charge which in turn 

reduced the loss of soil nutrient by leaching.  

 

          Adding the sludge into the soil would decrease pH since 50 percent of organic 

matters from the sludge would be oxidized to organic acid form.  If the sludge had the 

neutral pH, it would alter a little pH in the soil.  The reduction of pH in the soil could 

cause by replacing hydrogen ion in the soil with inorganic salt.  Decreasing pH 

happened in proportion when the sludge was being added, especially at the beginning. 

However, if pH of the soil was already low, but the sludge contained enough calcium, 

it might boost the pH level in the soil.   
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3. Ability to improve soil biological properties 

 

 The sludge had been known as important food source for plants.  Findings 

from previous study (14) suggested that within 1 ton of dried sludge consisted of main 

nutrients for plants.  These were Nitrogen (N) 19.24 kilograms, Phosphorus (P) 245.8 

grams, Potassium (K) 440 grams.  Most nutrients were in organic matters and unable 

to be utilized until Mineralization occurred.  Therefore, utilization of sludge usually 

aimed at fertilizer slowly releasing nutrients for plants through microorganism 

biodegrading and releasing nutrient for soils and plants.  Besides main nutrients, the 

sludge also presented micro-nutrients, such as, Iron, Manganese, Copper and Zinc to 

the plants as well. 

 

2.6  Fertilizer 

 

2.6.1 Definition of Fertilizer 

 

 Fertilizer is materials or substances that have been added into the soil with 

purpose to increase nutrient elements for plant growth and their product (2). 

 

 According to the Fertilizer Act B.E. 2518, “Fertilizer” is natural or synthetic 

organic or inorganic substances by adding as plant nutrients to change the soil 

chemical for promoting the plant growth (2). 

 

2.6.2 Type  of  Fertilizer 
 
 

 Fertilizer can be divided into two broad groups (15). 

 

  2.6.2.1  Organic Fertilizer is derived from living things whether plant 

or animal sources. 

                                                                                                                     

Manure is feces and urine of animal.  It has high variety of nutrients  
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but at a low amount.  If it is decomposed into plant nutrient, it can increase organic matter 

for soil and improve soil physical properties and increasing microorganism population. 

 

 Compost is derived from the decomposition of organic materials 

such as straws, old leave, grass, sawdust, bean hull and others. 

 

 Green manure is derived from decomposition of live cover crops at 

maximum growth stage by incorporate into soil. 

 

2.6.2.2 Inorganic Fertilizer is synthesized from various minerals, 

which is serving as essential nutrient.  It can be dissolved and easily to be absorbed by 

plant but it does not improve soil structure. 

 

  Single fertilizer gives one element for plant.  For example, urea has 45 

% Nitrogen, super Phosphate has 20 % Phosphorus and Potassium sulfate has 50 % 

Potassium.  It is highly concentrated and well dissolved. 

 

  Combined fertilizer is the combination of single fertilizer.  For 

example, the NPK with formula 15-15-15.  One hundred kilograms of fertilizer has 15 

kilograms of total Nitrogen, 15 kilograms of available Phosphorus and 15 kilograms 

of soluble Potassium. 

 

2.7  Plant Nutrient Requirements.  
 

2.7.1 Major Elements.  

 

 The major or primary plant nutrients are Nitrogen, Phosphorus, and 

Potassium.  These nutrients are generally needed in the greatest quantities and are 

therefore regarded as major elements.  Calcium, Magnesium and Sulphur are often 

referred to as secondary plant nutrients (12).  
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a. Nitrogen (N) 

Nitrogen promotes rapid vegetative growth and gives plants a healthy green 

color. Nitrogen facilitates protein production.  Small quantities are stored in the 

organic matter in the soil.  Most soils are deficient in Nitrogen; hence, frequently need 

to be supplemented with Nitrogen from chemical sources.  Principle symptoms of 

Nitrogen-deficient plants are stunted growth and pale yellow coloration, particularly 

in the leaves, starting at the bottom leaves of the plant (i.e., older leaves) first.  

b. Phosphorus (P)  

Phosphorus is an active ingredient of the plant cell protoplasm. It affects the 

rate of cell division, seed formation, and plant health.  Many soils do not have 

adequate quantities of available Phosphorus.  Superphosphate is the common 

chemical Phosphorus source used to replenish Phosphorus supplies.  Symptoms of 

phosphate-starved plants include spindly stalks, delayed maturity, purplish 

discoloration of foliage or leaves, necrosis of older leaf tips, and the lack of or poor 

fruit and seed development.  

c. Potassium (K) 

 Potassium is essential to all plant growth.  It stimulates some chemical 

processes, aids in the absorption of other elements into the plant, and helps the plant 

resist disease and other adverse conditions.  Potassium like Nitrogen, leaches from the 

soil quite readily.  Some soils, especially sandy ones, need applications of commercial 

potash to replenish Potassium levels; however, some soils in the drier western areas 

have adequate natural supplies.  Potassium deficiency is most common on heavily 

cropped soils.  The symptoms of a Potassium starved plant include: plants grow 

slowly; stalk or stems are weak and plants "lodge" or fall over easily; seed or fruit is 

shriveled; and the plant's resistance to rusts and other diseases is reduced. 
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2.7.2 Trace Elements.  

 

Trace elements are often referred to as minor elements or micro-nutrient plant 
foods, since very small amounts in the soil solution are adequate for normal plant 

growth.  These elements include Boron, Copper, Iron, Chloride, Manganese, 

Molybdenum and Zinc.  In recent, fertilizer formulations are compost with Nitrogen, 

Phosphorus, Potassium (NPK), include specific minor elements to replenish soils with 

a known deficiency. 

 

2.8  Toxic Elements 

 

 Toxic elements in general referred to heavy metals which had contaminated 

the soil.  These toxic elements when being adapted for utilizing in other forms could 

result in environmental contamination (19). 

 

 Heavy metal referred to metal with specific gravity starting from 5.0 excluding 

alkali and alkaline earth (20). In this case study, source of heavy metals are (19). 

 

Heavy Metal    Typical Sources 

Copper    Dyes (Reactive Dye), fiber (synthetic fibers)  

    and incoming water 

Manganese   Chemical oxidizers in dyeing (Permanganate)  

Zinc    Impurity in commodity chemicals (in salt,   

    caustic and soda ash) and plumbing (The zinc is  

    liberated from the galvanized metal in this reaction)  

Arsenic   Natural fiber and incoming water 

Chromium   Chemical oxidizers in dyeing (Dichromate)  
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Heavy Metal    Typical Sources 

Lead    Dyes (yellow pigments), plumbing and shop 

Mercury   Impurities in salt, caustic and   soda ash 

Nickel    Dyes (Reactive Dye) 

 

 The maximum concentration of heavy metals in agricultural soil in Thailand as 

required by the Pollution Control Department are illustrated in Table 2.2 below. 

 

Table 2.2 Maximum concentration of heavy metal in soil (13) 
 

Heavy Metal Maximum Concentration in Soil 

(mg/kg ) 

Arsenic 50 

Cadmium 3 

Chromium 100 

Nickel 60 

Selenium 5 

Zinc 200 

Copper 100 

Mercury 1 

  

 Chaney has presented the level that indicates the concentration that can be 

harmful to plant which is a standard to control the contamination of heavy metal in 

European countries. This has not been studied in details in Thailand, especially 

regarding plant tolerance to heavy metal (21).   
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Table 2.3 Harmful levels of heavy metal in the plant (21) 

Heavy metal 
Harmful Levels in the Plant 

 (mg/kg) 

Copper 25 - 40 

Manganese 400 - 2,000 

Zinc 500 - 1,500 

  
The maximum concentration of heavy metals in food as required by the Public 

Health Ministry announcement, issue 98,1986 are illustrated in Table 2.4 below (22). 

 

Table 2.4 Maximum concentration of heavy metal in food (22) 

Heavy Metal Maximum Concentration in Food 

(mg/kg by weight) 

Tin 250 

Zinc 37 

Copper 20 

Lead 1 

Arsenic 2 

Mercury 0.5 
 

2.9  Green Kuang Futsoi 
 

 Green Kuang Futsoi has been classified as Cruciferae with the scientific name 

of Brassica chinensis var parachinensis.  It lives as annual crop but can grow during 

short harvesting time of 35-45 days. It could be planted in every season (23). 

 

 Only the leaves and stems of Green Kuang Futsoi have been used for 

consumption. The leaves are thick, almost round shapes with dark green color.  It was 

originally planted in Southeast Asia at Kanton Province of China, Hong Kong, 

Taiwan and Thailand. 
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 Green Kuang Futsoi can grow in all types of soil, but the best growing 

occurred in the loose soil mixed with fertile sands, full of organic matters and regular 

humidity.  The pH of soil is between 6-6.8. Green Kuang Futsoi needs to be in the 

steady sunlight with the proper temperature between 20-25 degree Celsius (23). 

 

 By far the greatest volume of work and general interest in hyperaccumulators 

has been around the families Brassicaceae (24). 

 

 Soil Preparation 

 

 Since Green Kuang Futsoi is the plant with shallow root, the soil dust must be 

dug deep as much as 15-20 centimeters and let it dry about 5-7 days.  After that, it 

must be mixed with farmyard manure or compost that already degraded before 

ploughing and incorporated into soil powder.  For acid soil, limestone should be 

added to neutralize pH level, suiTable lot for planting is 1 meter width, 10 meters 

length or as appropriately adjusted. 

 

 Planting 

 

 Planting by scattering seeds: Seeds would be scattered in the fertile soil at 

the prepared lot that is slightly higher above the ground.  Because seedlings were so 

tiny, they should be mixed with sands before scattering by adding, a portion of 

seedling with 3 portions of clean sand.  It is scattered over the planting lot evenly, 

followed by scattering farmyard manure or compost as thick as ½-1 centimeter. Later, 

planting lot must be covered lightly with hays to maintain soil moisture before 

watering.  Approximately 20 days after the plants started to spout, rearranged the 

planting lot to get rid of some plant and give the space between each plant 20-25 

centimeters. 

 

 Planting by sprinkling seeds: After preparing soil for planting, dig rows of 

ditch approximately 1.5-2 centimeters depth and 20-25 centimeters apart before 

sprinkling, seedlings mixed with sands and covered with lightly farmyard manure or 



Treepradub  Nimrothum  Literature  Reviews / 24  

compost, followed by some hays.  Seedlings must be watered regularly. 

Approximately 20 days after planting or when seedling started to show 4-5 leaves, 

rearranged the rows to get rid of some plants and give the space between each plant 

with 20-25 centimeters length, only one plant is left in each pot. 

 

 Nursing Plants 

 

 Watering: Green Kuang Futsoi needs lots of water, at least once a day because 

it is fast growing plant.  Watering should be done by spraying or using a rubber host 

connected with shower.  Never let it be without water during the growth period since 

it could stop Green Kuang Futsoi from growing. 

 

 Fertilizers 

 

 When cooking Green Kuang Futsoi, only leaves and stems are used. 

Therefore, applying Urea fertilizer (46-0-0) or ammonium sulphate 30 kilograms per 

rai would speed up leave and stem growth as well as using fertilizer formula 20-11-11 

or similar ratio of 30-50 kilograms per rai.  Watering must be done immediately after 

each application of fertilizer to prevent any residue. 

 

 Harvesting   

 

 After 35-45 days, Green Kuang Futsoi is ready to harvest by selecting only 

mature plants with big size as needed. The sharp knife is used to cut at the bottom of 

the stem as well as getting rid of tough leaves outside or damage leaved by insects. 

 

 Storing   

 

 Green Kuang Futsoi should be kept in the place where temperature as low as 0 

degree Celsius with humidity of 95 percent and it can be kept for 3 weeks. 
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2.10   Related Research 
 

 Nipa (25) combined the sludge from seasoning powder factories with chemical 

fertilizer formula 12-8-8 for planting White Futsoi with Ratchaburi soil.  The sludge 

was applied in the ratio lower than one ton per one rai together with chemical 

fertilizer in the ratio of 0.2-0.3 ton per rai which resulted in the highest yield for 

White Futsoi. 

 

 Rapeeporn (26) studied the effects of wastewater sludge derived from food 

and drink factories (beer, carbonated drink, alcohol drink, canned fruit and seasoning 

powder) on primary nutrient, accumulate of some heavy metals and yield of lettuce 

production in experimental plots.  The results showed that wastewater sludge from all 

of these factories had chemical properties and primary nutrient quantities sufficient 

and suitable to be used as a fertilizer. 

 

 Jinutta et al. (14) studied the effects of wastewater sludge derived from Si 

Paya community wastewater treatment plant and mixing sludge cake with 5 soil series 

i.e. Nam Pong, Petchburi, Pon-ngan, Rungsit and Lumnarai.  By adding the sludge 

cake to obtain maximum ratio, it was suggested that it should not exceed 40 grams per 

total weight of 200 grams, otherwise larger volume might create toxin towards soil 

and plants. 

 

 Naiyana (27) mixed sludge cake from the community with highly acid soil in 

various ratio to plant Chinese kale. It was found that the Chinese kale growth was 

increased in proportion to the sludge cake added. The highest proportion between the 

sludge cake and the highly acid soil was 4:100 by weight.   

 

 Orawan (28) conducted an experiment planting Chinese kale with the sludge 

from wastewater treatment in the ratio 3.2 ton per rai. As a result, production of 

Chinese kale was as high as using chemical fertilizer 20-10-10 mixed with urea at the 

ratio of 0.2 tons per rai.   
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 Utaiwan (29) used the sludge from deep freeze seafood factories to grow 

morning glory at the ratio of 3 tons per rai, mixing with ready-mixed substances 

which resulted in higher fresh and dried weight of the part above the ground and roots 

than using farmyard manure and urea fertilizer. 

 

 Li Gui-Ju (30) confirmed the possibility of using tannery sludge as fertilizer in 

spite of its high contents of chrome. 

 

 The report of Thailand Institute of Scientific and Technological Research (31) 

stated that organic fertilizer could be obtained from mixing sludge cake from pulp and 

paper industries wastewater, coconut meat residue, burnt rice husk and fresh rice husk 
in the ratio of 12:4:4:1.  This mixture produced Nitrogen, Phosphorous and Potassium 

of 1.59%, 0.44% and 0.30%, respectively. 
 

 Warman P.R. and Termeer W.C. (32) studied the application of aerobically-

digested sewage sludge, anaerobic lagoon septic sludge, sewage sludge compost or 

fertilizer to soils for grass forage and feed corn (Zea mays L.) production.  The 

research demonstrated the fertilizer produced higher yields of grass forage than sludge 

and compost but equivalent to the sludge in corn yields.  

 

 Visanu (33) used the mixture substrate of carbonized rice husk: rice husk: coir 

dust: manure with the ratio of 1:1:1:0.5 (v/v) as the common growing media for 

growing Chinese green mustard.  The water treatment sediment was then added into 

the common media with four different ratio of 0, 0.5, 1, 1.5 and 2 v/v so as to make 

four different formulas of growing media and called treatment 1(control), 2, 3, 4 and 

5 respectively.  The results showed that treatment 3 gave the best growth in term of 

plant height, canopy cover and fresh weight. 

 

 Wimon (34) studied the effect of sludge cake from frozen sea food factory on 

chinese green mustard production.  The result demonstrated that plants growing in the 

treatments using only sludge or sludge with cow manure had significantly better growth 

than those growing in treatments without sludge. 
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Parinyarat (35) studied the utilization of sludge cake from fruit industry to 

produce organic fertilizer pellets to substitute chemical fertilizer (46-0-0) and manure 

in order to cultivate Green Kuang Futsoi (Brassica chinensis varparachinensis.).  The 

amount of pellet with 3 tons per rai gave the best yield of Green Kuang Futsoi. 

Moreover, it can increase macronutrient and organic matter in the soil. 

 

 Matsuzaki  T. (36)  used non-digested sewage sludge cake to produce rice.  

As a result, production of rice was as high as using sewage sludge with 0.5 and 1 ton per rai 

would be best for the production of rice.  If sludge were added more than 1 ton per rai, rice 

stem would fall down.  Therefore, applying too much sewage sludge would be harmful to 

plants. 
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CHAPTER ΙΙΙ 

MATERIALS AND METHODS 

 
 
 This study was an experimental research, and was carried out to determine the 

chemical properties of different ratio of sludge, lime and soil at before and after 

planting Green Kuang Futsoi.  Concentrations of heavy metals in Green Kuang Futsoi 

after being planted were investigated.  Green Kuang Futsoi planted in pots at green 

house of Fertilizer Technology Center, Thailand Institute of Scientific and 

Technological Research.  

 
3.1  Material Preparation 

 
3.1.1  Sludge Cake Preparation 

 

 The sludge cake was passed through dewatering process by filter press belt in 

sludge treatment of a textile industry in Samut Prakarn Province.  Sludge cake 

samples were dried out under the sun 1 month before grinding and sieving through 2 

millimeters screen.  

 

3.1.2 Soil Preparation 

 

The soil sample was collected from textile factory at Samut Prakarn province 

because of its clay texture, which best accumulates heavy metals (39).  Soil samples 

were prepared by grinding and sieving through 2 millimeter screen.  

 

3.1.3 Lime 

 

The Lime was Calcium hydroxide (Laboratory Reagent Grade; LR Grade) 

which, manufactured from limestone. 
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3.1.4  Sludge, Lime and Soil Mixture Preparation 

 

 Sludge, Lime and Soil Mixture were prepared by ratio of sludge/lime/soil were 

0:0:625, 1:0:625, 1:0.004:625, 1:0.008:625, 2:0:625, 2:0.004:625, 2:0.008:625,  

4:0:625, 4:0.004:625 and 4:0.008:625 (See Table 3.2) 

 

3.1.5  Seedling Preparation 

 

 The seedling was prepared by selecting strong Green Kuang Futsoi without 

diseases and insects for planting.  Seedling of Green Kuang Futsoi must be planted in 

the plastic tray under fertile soil.  The seeds were immersed in water for 1 day before 

planting.  The seedling was moved into the pot when they were 15 days old. 

   

3.1.6 Pot Preparation 

 

 Plastic pots of 11 inch diameter were used for planting the seedlings. 

 

3.2  Equipment and Chemical Reagent 
 

 Equipment and chemical reagents are illustrated in Table 3.1 below. 
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Table 3.1 Equipment and Chemical Reagent 

 

Parameter Equipment Chemical Reagent 

Sludge cake   

1. Moisture - Hot air oven - 

2. pH - pH meter - Distilled water 

3. Organic Matter - Burette 

- Filter paper No. 1 

- Potassium dichromate solution 

- Ferrous sulfate solution 

- O-phenanthaline  ferrous     

   sulfate 

4. Total Nitrogen 

 

 

 

 

 

 

 

- Micro-kjedahl  tube 

- Kjetech system 

- Digestion system 

 

 

 

 

- Salicylic acid 

- Sodium thiosulfate 

- Sulfuric acid 

- Sodium hydroxide 

- Zinc granular 

- Hydrochloric  

- Catalyst(copper  sulfate +   

   Potassium  sulfate(1:9) 

5. Available Phosphorus  

 

- Spectrophotometer 

- Hot plate 

 
 

- Nitric acid 

- Perchloric acid 

- Molybdovanadate reagent 

- Phosphate standard solution 

6. Exchangeable Potassium 

 

- Hot plate 

- Frame photometer 

- Suppresser Solution 

- Nitric acid concentration 

- Perchoric acid concentration 

- Potassium standard  solution 

7. Calcium,  Magnesium,   

    Zinc, Copper, Cadmium,     

    Chromium, Lead, Nickel 

    and  Selenium 

 - Nitric acid  

- Perchoric acid 

- Calcium,  Magnesium,Zinc,  

   Copper, Cadmium,  Lead  

   Nickel and Selinium standard   
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Table 3.1 Equipment and Chemical Reagent (Cont, d) 

 

Parameter Equipment Chemical Reagent 

7. Calcium, Magnesium,   

    Zinc, Copper, Cadmium,  

   Chromium, Lead, Nickel 

   and  Selenium (Cont, d) 

   solution 

8. Arsenic - Sodium-borohydride 

- Hydrochloric acid  

- Sulfuric acid  

- Perchloric acid  

- Nitric acid  

- Arsenic standard   

   solution 

9. Mercury 

- Atomic absorption   

  Spectrophotometer 

- Filter paper No. 42 

 
 
 

- Nitric acid 

- Sulfuric acid 

- Urea solution 

- Mercury standard   

   solution 

Soil and SLS Mixture   

1. pH - pH meter - Distilled water 

2. Electrical Conductivity - Conductivity meter - Distilled water 

3. Organic Matter - Burette 

- Filter paper No. 1 

- Potassium dichromate solution 

- Ferrous ammonium  sulphate 

- Orthophenanthrolene indicator 

- Sulfuric acid 

4. Cation Exchange    

    Capacity  

- Distill furnace 

- Buchner funnel 

- Filter paper No. 42  

    

- Ammonium acetate   

   solution 

- Ammonium chloride 

- Ethyl alcohol 

- Sodium chloride solution 
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Table 3.1 Equipment and Chemical Reagent ((Cont, d)) 

 

Parameter Equipment Chemical Reagent 

4. Cation Exchange    

    Capacity (Cont, d) 

 - Sodium hydroxide  

- Boric acid 

  - Hydrochloric acid 

5. Total Nitrogen - Micro-kjedahl   

   tube 

- Kjetech system 

- Digestion system 

 

- Sulfuric acid 

- Sodium hydroxide 

- Boric acid 

- Mixed indicator 

- Hydrochloric acid 

6. Available Phosphorus  

 

 

 

 

- Filter paper No. 5 

- Spectrophotometer 

- Bray II 

- Sulfuric-molybdate- tartrate  

   solution 

- Working solution 

- Phosphorus  standard  

   Solution 

7. Exchangeable   

    Potassium 

- Hot plate 

- Frame photometer 

- Ammonium acetate solution  

 - Potassium standard solution 

8. Calcium and    

    Magnesium 

 
 
 

 

- Hot plate 

- Filter paper No. 5 

- Atomic absorption   

   spectrophotometer 

- Ammonium acetate Solution 

- Calcium and  Magnesium    

    standard  solution 

9. Ferric, Zinc, Manganese,   

   Copper, Arsenic, Cadmium,    

   Chromium,Lead, Mercury,   

   Nickel  and  Selenium 

- Hot plate 

- Filter paper No. 5 

- Atomic absorption   

   spectrophotometer 

- Diethyl triamine penta  acetic  

- Acid solution (DTPA extracting   

   solution  pH 7.3) 

- Ferric, Zinc,  Manganese,    

   Copper, Arsenic,   Cadmium,    

   Chromium, Lead,Mercury,   

   Nickel and Selinium standard   
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Table 3.1 Equipment and Chemical Reagent ((Cont, d)) 
 

Parameter Equipment Chemical Reagent 

9. Ferric, Zinc, Manganese,   

   Copper, Arsenic, Cadmium,    

   Chromium,Lead, Mercury,   

   Nickel  and  Selenium 

   (Cont, d) 

    solution 

Green Kuang Futsoi   

1. Dry Weight - Hot air oven 

- Balance 

- 

2. Manganese, Zinc,   

    Copper, Tin, Lead,   

    Arsenic and    

     Mercury 

- Hot plate 

-  Atomic absorption   

   spetrophotometer 

- Filter Paper No. 5 

- Nitric acid 

- Perchloric acid 

- Manganese, Zinc,  Copper,   

   Tin, Lead, Arsenic and    

   Mercury  standard solution 

 

3.3  Design of SLS Mixture 

 
 3.3.1 The Ratio of Sludge Cake, Lime and Soil in Experiment (35) 

 

To calculate from soil 1 rai 

 Mass = Density x Volume 

Assign: The soil density  = 1.3 g/cm3 (37) 

  The plough layer soil depth   = 15 cm (37) 

  The profile of soil 1 rai   = 1,600 m2 = 1,600x104 cm2 

Therefore: The weight of soil 1 rai = 1.3 g/cm3 x 15 cm x 1,600x104 cm2 

= 312,000 x 103g  = 312,000 kg. 

Assign:   The weight of soil in each pot = 2.5 kg. (39) 
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Case 1 Ratio of Sludge Cake/Lime/Soil = 0 tons/0 tons/1 rai (Control) 

 Soil 1 rai weight 312,000 kg, sludge cake 0 kg.and lime 0 kg.  

  Soil 1 pot weight 2,500 g, sludge cake = 2,500x0 =  0  g.   

                    312,000                                

  and lime 2,500x0 = 0 g. 

     312,000 

Therefore ratio of   Sludge Cake: Lime: Soil = 0:0:2,500 (0:0:625)  

 

 Case 2 Ratio of Sludge Cake/Lime/Soil = 0.5 tons/0  tons/1 rai  

 Soil 1 rai weight 312,000 kg, sludge cake 500 kg. and lime  0  kg.  

 Soil 1 pot weight 2,500 g, sludge cake = 2,500x500 = 4 g.   

                      312,000                                

  and lime 2,500x0 = 0 g. 

     312,000 

Therefore ratio of  Sludge Cake: Lime: Soil = 4:0:2,500 (1:0:625)  

 

Case 3 Ratio of Sludge Cake/Lime/Soil = 0.5 tons/0.002  tons/1 rai  

 Soil 1 rai weight 312,000 kg, sludge cake 500  kg. and lime 2 kg.  

 Soil 1 pot weight 2,500 g, sludge cake = 2,500x500 = 4 g.   

                     312,000                               

  and lime 2,500x2 = 0.016 g. 

     312,000 

Therefore ratio of Sludge Cake: Lime: Soil = 4: 0.016: 2,500 (1:0.004:625)  

 

Case 4 Ratio of Sludge Cake/Lime/Soil = 0.5 tons/0.004 tons/1 rai  

 Soil 1 rai weight 312,000 kg, sludge cake 500 kg. and lime 4 kg.  

 Soil 1pot weight 2,500 g, sludge cake = 2,500x500 = 4 g.   

                    312,000                               

  and lime 2,500x4 = 0.032 g. 

    312,000 

Therefore ratio of Sludge Cake: Lime: Soil = 4:0.032:2,500 (1:0.008:625)  
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Case 5 Ratio of Sludge Cake/Lime/Soil = 1 tons/0 tons/1 rai  

 Soil 1 rai weight 312,000 kg, sludge cake 1,000 kg. and lime 0 kg.  

 

 Soil 1 pot weight 2,500 g, sludge cake = 2,500x1,000 = 8 g.   

                     312,000                                

  and lime 2,500x0 = 0 g. 

     312,000 

Therefore ratio of Sludge Cake: Lime: Soil = 8:0:2,500 (2:0:625) 

 

Case 6 Ratio of Sludge Cake/Lime/Soil = 1 tons/0.002 tons/1 rai  

 Soil 1 rai weight 312,000 kg, sludge cake1,000 kg. and lime 2 kg.  

 Soil 1 pot weight 2,500 g, sludge cake = 2,500x1,000 = 8 g.   

                      312,000                               

  and lime 2,500x2 = 0.016 g. 

     312,000 

Therefore ratio of Sludge Cake: Lime: Soil = 8:0.016:2,500 (2:0.004:625)  

 

Case 7 Ratio of  Sludge Cake/Lime/Soil = 1 tons/0.004 tons/rai  

 Soil 1 rai weight 312,000 kg, sludge cake 1,000 kg.and lime 4 kg.  

 Soil 1 pot weight 2,500 g, sludge cake = 2,500x1,000 = 8 g.   

                    312,000                               

  and lime 2,500x4 = 0.032 g. 

     312,000 

Therefore ratio of Sludge Cake: Lime: Soil =  8:0.0032:2,500 (2:0.008:625)  

 

Case 8 Ratio of Sludge Cake/Lime/Soil = 2 tons/0 tons/1 rai  

 Soil 1 rai weight 312,000 kg, sludge cake 2,000 kg. and lime 0 kg.  

Soil 1 pot weight 2,500 g, sludge cake = 2,500x2,000 = 16 g 

.                                    312,000     

  and lime 2,500x0 = 0 g. 

     312,000 

Therefore rate of Sludge Cake: Lime: Soil = 16:0:2,500 (4:0:625)  
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Case 9 Ratio of Sludge Cake/Lime/Soil = 2 tons/0.002 tons/1 rai  

 Soil 1 rai weight 312,000 kg, sludge cake 2,000 kg. and lime 2 kg.  

 Soil 1 pot weight 2,500 g, sludge cake = 2,500x2,000 = 16 g.   

                       312,000                              

  and lime 2,500x2 = 0.016 g. 

     312,000 

Therefore ratio of  Sludge Cake: Lime: Soil = 16:0.016:2,500 (4:0.004:625)  

 

Case 10 Ratio of Sludge Cake/Lime/Soil = 2 tons/0.004 tons/1 rai  

 Soil 1 rai weight 312,000 kg, sludge cake2,000 kg. and lime 4 kg.  

 Soil 1 pot weight 2,500 g, sludge cake = 2,500x2,000 = 16 g.   

                      312,000                               

  and lime 2,500x4 = 0.032 g. 

     312,000 

Therefore ratio of Sludge Cake :Lime: Soil = 16:0.0.032:2,500 (4:0.008:625) 

 

Table 3.2 Design of SLS mixture. 

 

Ratio of Sludge Cake: Lime: Soil 1 rai 
(Ratio value = X:X:625) 

Tons of Sludge Cake 
(Ratio value)  

Tons of Lime  
(Ratio value) 

0 
(0) 

0.5 
(1) 

1 
(2) 

2 
(4) 

0  
(0) 

0:0:625 
(Control) 

1:0:625 2:0:625 4:0:625 

0.002  
(0.004) 

 1:0.004:625 2:0.004:625 4:0.004:625 

0.004  
(0.008) 

 1:0.008:625 2:0.008:625 4:0.008:625 
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 3.3.2 Experimental Plan 

 

 The statistical design in this experiment was RCBD (Randomized complete 

block design) with ten treatments, each treatment with three replications and each 

replication with two plants (35). 

 

T 1,1  T 10,2  T 9,3 

T 2,1  T 9,2  T 8,3 

T 3,1  T 8,2  T 5,3 

T 4,1  T 7,2  T 4,3 

T 5,1  T 6,2  T 1,3 

T 6,1  T 5,2  T 2,3 

T 7,1  T 4,2  T 3,3 

T 8,1  T 3,2  T 6,3 

T 9,1  T 2,2  T 7,3 

T 10,1  T 1,2  T 10,3 

 

Figure 3.1 The experiment using the RCBD. 

Remark 

T 1,X  = Ratio of Sludge Cake/Lime/Soil are 0:0:625 (Control) 

T 2,X  = Ratio of Sludge Cake/Lime/Soil are 1:0:625 

T 3,X  = Ratio of Sludge Cake/Lime/Soil are 1:0.004:625 

T 4,X = Ratio of Sludge Cake/Lime/Soil are 1:0.008:625 

T 5,X  = Ratio of Sludge Cake/Lime/Soil are 2:0:625 

T 6,X  = Ratio of Sludge Cake/Lime/Soil are 2:0.004:625 

T 7,X  = Ratio of Sludge Cake/Lime/Soil are 2:0.008:625 

T 8,X  = Ratio of Sludge Cake/Lime/Soil are 4:0:625 

T 9,X  = Ratio of Sludge Cake/Lime/Soil are 4:0.004:625 

T 10,X = Ratio of Sludge Cake/Lime/Soil are 4:0.008:625 
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3.4  Experimental Procedure 

 
Methods were shown in figure 3.2 and described as follows. 

1)  Analyzed the physical and chemical properties, and heavy metal of sludge cake.  

Parameters analyzed in this experiment were pH, moisture, organic matter, C:N ratio, 

Total N, Avail. P, Exch. K, Ca, Mg, As, Cd, Cr, Cu, Pb, Mn, Hg, Zn and Ni. 

2)  The analysis results of the sludge cake were compared with standard organic 

fertilizer, 2005, to identify whether the sludge cake had sufficient property for being 

fertilizer. 

3) Analyzed the physical and chemical properties of original soil for the effectiveness of 

mixing sludge and lime. Parameters analyzed in the experiment were pH, organic matter, EC, 

CEC, Total N, Avail. P, Exch. K, Ca, Mg, Fe, Mn, Zn, Cu, As, Cd, Cr, Pb, Hg and Ni. 

4)   The analysis results of the soil were compared with standard soil (Table 4.2). 

5)  Mixed sludge cake, lime and soil on ratio 0:0:625, 1:0:625, 1:0.004:625, 1:0.008:625, 2:0:625, 

2:0.004:625, 2:0.008:625, 4:0:625, 4:0.004:625 and 4:0.008:625.  The experimenting mixture was 

analyzed for pH, CEC, Total N, Avail. P and Exch. K.  Then the mixture was put on pots 

of 11 inches at all ratios.  Soil in each pot should weigh at 2.5 kilograms per pot. 

6)  The seedling was prepared by selecting strong Green Kuang Futsoi without 

diseases and insects for planting.  The seeds must be planted in the plastic tray 

under fertile soil, after they had been immersed in water for 1 day.  The seedling 

was 

developed  after being planted 15 days; then they were moved to the pot. 

7)  Green Kuang Futsoi was cultivated to test effectiveness of the sludge cake: lime: 

soil all ratios by moving those seedlings into the pots and cultivate 2 seedlings per 

pot. Mixture was packed and watered. 

8)  The mixture was loosened 1 time every 3 days and plants were watered 200 ml 

per day for the entire experimentation, same at all ratio. 

9)   Green Kuang Futsoi was harvested on the 35th day after planting. 

10) Analyzed the properties of experimenting SLS mixture: pH, CEC, Total N, Avail. 

P and Exch. K in mixture after harvesting Green Kuang Futsoi at all ratio. 

11) Measured Green Kuang Futsoi production’s dry weight (total biomass) and heavy 
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metals: Mn, Zn and Cu were analyzed from leave and stem of vegetable plant after 

being planted at all ratios. 

12) Measured other heavy metals: Sn, Pb, As and Hg in leave and stem of the vegetable 

of the treatment giving maximum yield. 

 

3.5 Parameter Analysis 

 
 3.5.1 Sludge Cake (16) 

 

 The parameters analyzed in sludge cake included the followings: 

-  Moisture: by dry in a hot air oven 10 hours at 105 degree Celcius 

-  pH: by pH meter 

-  Total Nitrogen: by Kjedahl method 

-  Available Phosphorus  was digested by nitric acid and perchloric and measured 

by Spectrophotometer 

-  Exchangeable Potassium was digested by nitric acid and perchloric and measured 

with Flame photometer 

-  Organic Matter: by wet digestion method of Walkley and Black  

-   Calcium, Manganese, Zinc, Copper, Cadmium, Chromium, Lead, Nickel and 

Selenium were digested by HCl and HNO3 and measured with Atomic absorption 

spectrophotometer 

- Arsenic was digested by H2SO4, HNO3 and HClO4 and measured by Atomic 

absorption spectrophotometer 

-      Mercury was digested by HNO3 and H2SO4 and measured with Atomic 

absorption spectrophotometer 

 

 3.5.2 Soil (37) 

 

 The parameters analyzed in soil included the followings: 

-   pH: by pH meter 

-   Electrical conductivity: by electrical conductivity meter 

- Cation Exchange Capacity: by ammonium acetate method 
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-   Total Nitrogen: by Kjedahl method  

-   Available Phosphorus:  by Bray II method and measured with Spectrophotometer 

-   Exchangeable Potassium: by 1 N NH4OAC pH 7 extracting solution and detected   

with Flame Photometer  

- Organic matter was analyzed with wet digestion method of Walkley and Black  

- Calcium and Magnesium: by 1 N NH4OAC pH 7 solution extracting and 

measured by Atomic Absorption Spectrophotometer 

- Ferric, Zinc, Manganese Copper, Arsenic, Cadmium, Chromium, Lead, Mercury, 

Nickel and Selenium: by Diethylene triamine penta acetic acid solution (DTPA) pH 

7.3 extracting solution and measured with Atomic Absorption Spectrophotometer 

 

 3.5.3 Mixture Sludge Cake, Lime and Soil (37) 

 

 The parameters analyzed in mixture sludge cake, lime and soil included the 

followings: 

 

-   pH: by pH meter  

-   Cation Exchange Capacity: by Metson’s method 

-   Total Nitrogen: by Kjedahl method  

-    Available Phosphorus:  by Bray II extraction and measured by Spectrophotometer 

-  Exchangeable Potassium: by 1 N NH4OAC pH 7 solution extracting and detected 

with Flame Photometer  

 

 3.5.4 Green Kuang Futsoi (38) 

 

 The parameters analyzed in Green Kuang Futsoi included the followings: 

 

-   Dry-weight: by dry in a hot air oven 48 hours at 70 degree 

-   Manganese, Zinc, Copper, Tin, Lead, Arsenic and Mercury: by Conc. HNO3 

digestion and measured by Atomic absorption spectrophotometer 
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3.6 Statistical Analysis 

 
 Properties of SLS mixture before and after planting were analyzed for pH, 

CEC, Total N, Avail. P and Exch. K, then, were compared by t-test at the 95 % 

confidence level (40). 
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CHAPTER IV 

RESULTS 

 

 

4.1   The Properties of Sludge Cake  

 
 The physical and chemical properties of sludge cake from textile factory in 

Samut Prakarn province are demonstrated as follows (Table 4.1). 

 

Table 4.1 Physical and chemical properties of sludge cake 

 

Index Value* Organic  Fertilizer  Standard  2005 
(23) 

Moisture (%) 9.88 <35 
pH 3.1 5.5-8.5 
Total N (%) 8.69 ≥1 
Avail. P (%) 2.04 ≥0.5 
Exch. K (%) 0.14 ≥0.5 
Organic Matter( %) 42.84 ≥30 
C/N 3:1 ≤ 20:1 
Ca (%) 0.14  
Mg (%) 0.11  
Mn (%) 0.0023  
Zn (%) 0.013  
Cu (mg/kg) 100.0 ≤500 
Cd (mg/kg) ND. ≤5 
Cr (mg/kg) 38.9 ≤300 
Pb (mg/kg) 4.7 ≤500 
As (mg/kg) 4.7 ≤50 
Hg (mg/kg) 0.3 ≤2 
Ni (mg/kg) 6.08  
Se (mg/kg) ND.  

 

ND. = Not Detected 

* Analyzed by: Agricultural Chemistry Division, Department of Agriculture. 
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 From Table 4.1 the chemical and physical properties of sludge cake from 

textile factory in Samut Prakarn province that acidic with the pH of 3.1.  C/N Ratio 

which contributed to the decomposition of carbon was 3.0 and Nitrogen volume as 

high as 8.69 percents. 

 

 Besides being the source for Nitrogen, sludge cake became source of other 

nutrients, which was essential to plants growth, for example available Phosphorus was 

2.04 %.  Exchangeable Potassium was 0.14 % while others plant nutrients, such as, 

Calcium, Magnesium, Manganese and Zinc were available in proper volume to 

promote plant’s growth with 0.14%, 0.11%, 0.0023% and 0.013%, respectively.  As 

for heavy metals from analysis such as Copper, Chromium, Lead, Arsenic, Mercury 

and Nickel were found at the volume of 0.01 mg/kg, 38.96 mg/kg, 4.7 mg/kg, 4.7 

mg/kg, 0.3 mg/kg and 6.08 mg/kg, respectively; but Cadmium and Selenium could 

not be detected.  All parameters were within the organic fertilizer standard, 2005, 

except pH and exchangeable Potassium. 

 

4.2   The Properties of Soil. 

 
 The results of Samut Prakarn series soil chemical and physical properties are 

shown in Table 4.2. 

 

Table 4.2 Properties of soil 

  

Index Value**** 
 

Level 
Maximum 

Concentration 
In  Soil 

pH 7.32 Neutral*(6.6-7.3)  
EC (dS  m-1) 0.03 Neutral*(<2)  
CEC (cmol kg-1) 19.4 High*(15-20)  
Total N (%) 0.263 High**(>0.175)  
Avail. P (mg/kg) 357 Very  High*(>45)  
Exch. K (mg/kg) 443 Very  High*(>120)  
Organic matter (%) 5.31 Very  High*(>4.5)  
Ca (mg/kg) 4,636 Very  High*(>4,000)  
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Table 4.2 Properties of soil (Cont, d) 
 

Index Value**** 
 

Level 
Maximum 

Concentration 
In  Soil 

Mg  (mg/kg) 581 High*(>975)  
Fe (mg/kg) 51.84 Excess*(>4.5)  
Mn (mg/kg) 19.67 Excess*(>1)  
Zn (mg/kg) 53.60 Excess*(>10)   200*** 
Cu (mg/kg) 65.70 Excess*(>0.2) 100*** 
As (mg/kg) 4.96  50*** 
Cd( mg/kg) ND.  3*** 
Cr (mg/kg) 25.6  100*** 
Pb (mg/kg) 37.3  150*** 
Hg (mg/kg) 0.720  1*** 
Ni (mg/kg) 41.8  60*** 
Se (mg/kg) ND.  5*** 

 

*       =   compared with standard value of soil of Land Development Department (37, 38). 

**    = compared with standard value of soil from Taoun M (39). 

*** = compared with maximum concentration in soil from Pollution Control Department (13). 

ND.   = Not Detected 

**** Analyzed by: Agricultural Chemistry Division, Department of Agriculture. 

  

Chemical and physical properties of soil in this experiment (Table 4.2) 

indicated neutral status with pH value of 7.32 suitable for plant growing. Electrical 

conductivity (EC) was 0.03 dS m-1, cation exchange capacity (CEC) was high with 

19.4 cmol kg-1 and organic matter was very high with 5.31 percents in accordance 

with the standard value of soil fertility evaluation. The macronutrients were total 

Nitrogen volume found as high as 0.263 percent, while available Phosphorus, 

exchangeable Potassium found at 357 and 443 mg/kg, respectively. The other 

nutrients, Calcium, Magnesium, Iron, Manganese, Zinc and Copper were sufficient 

for plant growth, which were 4,636, 581, 51.84, 19.67, 53.60 and 65.70 mg/kg, 

respectively. However,  heavy metals, such as, Zinc, Copper, Arsenic, Chromium, 

Lead, Mercury and Nickel were detected at the values of 53.60, 65.70, 4.96, 25.6, 
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37.3, 0.720 and 41.8 mg/kg, respectively; while Cadmium and Selenium were lower 

than critical level of toxic soil. 

 

4.3  The Properties of Sludge Cake: Lime: Soil (SLS) Mixture and 

Dry Weight of Green Kuang Futsoi. 
 

 Study parameters in SLS Mixture before and after planting which consist of 

pH, cation exchange capacity, total Nitrogen, available Phosphorus, exchangeable 

Potassium and dry weight of Green Kuang Futsoi are shown in Table 4.3. 
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Table 4.3 The properties of sludge cake: lime: soil (SLS) Mixture and dry weight of 

Green Kuang Futsoi. 

 

 

 

Sludge Cake: Lime: Soil Mixture (SLS Mixture) Parameter 
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pH           

Before Planting 7.32 7.30 7.33 7.35 7.28 7.29 7.30 7.14 7.19 7.20 

After Planting 7.54 7.48 7.47 7.59 7.35 7.41 7.42 7.10 7.33 7.24 

T-test * * * * * * * ns ns ns 

CEC (cmol kg-1)           

Before Planting 19.4 19.7 19.8 19.8 19.9 20.0 19.9 19.8 20.1 20.2 

After Planting 19.8 20.0 19.9 20.0 20.2 20.2 20.1 20.3 20.3 20.3 

T-test ns ns ns ns ns ns ns ns ns ns 

Total N (%)           

Before Planting  0.263 0.263 0.267 0.250 0.263 0.255 0.277 0.267 0.257 0.260

After Planting 0.190 0.207 0.240 0.230 0.257  0.217 0.240 0.213 0.240 0.227

T-test * * * * ns ns ns ns ns ns 

Avail. P (mg/kg)           

Before Planting 357 358 369 361 359 376 379 358 380 365 

After Planting 360 364 374 402 369    391 385 416 439 554 

T-test ns ns ns ns ns ns ns * * * 

Exch. K (mg/kg)           

Before Planting 443 450 496 485 508 510 516 502 506 502 

After Planting 468 502 497 484 519 652 638 780 895 978 

T-test ns ns ns ns ns ns ns * * * 

Dry- Weight 

(gram/2 plants)
1.49 5.32 4.97 4.37 6.61 6.37 6.28 2.51 2.44 2.21 

*   = Significantly different at the 95% confidence limits by t-test 

ns  = Not Significantly different at the 95% confidence limits by t-test 
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4.3.1   pH of SLS Mixture 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 pH of SLS mixture at before and after planting. 

 

 Before planting, pH level of SLS mixture decreased with increasing amount of 

sludge cake in soil.  The mixture at the ratio of 4:0:625 was minimum level with the 

pH value of 7.14.  SLS mixture pH was increased after adding lime when mixed 

sludge cake and soil were at the same ratio. 

 

 After planting, the pH level of SLS mixture decreased after adding sludge 

cake in soil similar to before experiment which the mixture at the ratio of 4:0:625 

gave minimum pH level of 7.10. SLS mixture pH was not related to the rate of lime 

adding. 

 

 The pH level of SLS mixture before and after planting were compared. The 

trend of pH after planting was higher than that of before planting with 95 % 

confidence limits. The pH of all treatments were different, except when SLS mixtures 

were at the ratio of 4:0:625, 4:0.004:625 and 4:0.008:625. 

 

 The pH values of SLS mixture at before and after planting are illustrated in 

Table 4.3 and Figure 4.1. 
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4.3.2  Cation Exchange Capacity (CEC) of SLS Mixture 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 CEC of SLS mixture at before and after planting. 

  

 Before planting, the values of CEC in SLS mixture increased after adding 

sludge cake in soil until at the ratio of 4:0:625 it became stable.  The decreasing trend 

of CEC in SLS mixture was not related to lime ratio when mixed sludge cake and soil 

were at the same ratio. 

 

 After planting, the values of CEC in SLS mixture increased after adding 

sludge cake in soil.  The CEC at the ratio of 4:0:625 was maximum with 20.3 cmol 

kg-1.  However, CEC of SLS mixtures were not related to lime ratio when mixed 

sludge cake and soil were at the same ratio.  
 
 Although the trend of CEC levels after planting was higher than that of before 

planting, it was not significantly different.  CEC levels of SLS mixture before and 

after planting are illustrated in Table 4.3 and Figure 4.2. 
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4.3.3  Total Nitrogen (Total N) of SLS Mixture 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 Total Nitrogen at before and after planting.  

 

 Before experiment, the total Nitrogen in SLS mixture increased after adding 

sludge cake in soil.  At the ratio of 4:0:625, it yielded total Nitrogen of 0.267 %.  

Total Nitrogen was not related to lime ratio after mixed sludge and soil were at the 

same ratio.  
 
 After experiment, the volume of total Nitrogen in SLS mixture increased after 

adding sludge cake in soil.  The ratio of SLS at 2:0:625 was maximum level which 

gave total Nitrogen with 0.257 %.  Total Nitrogen in SLS was not related to lime level 

when mixed sludge cake and soil were at the same ratio.  

 

 When SLS mixture ratio were at 0:0:625, 1:0:625, 1:0.004:625, 1:0.008:625 , 

the levels of total Nitrogen after planting were lower than those before planting at 

0.05 level of significance.  Although the values of total Nitrogen in other sets of SLS 

mixture ratio decreased after planting; the drops were not different at 0.05 level of 

significance.  Total Nitrogen trend of SLS mixture before and after planting are 

illustrated in Table 4.3 and Figure 4.3. 
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4.3.4  Available  Phosphorus (Avail. P) of SLS Mixture 

 

  
 

 

 

 

 

 

 

 

 

 

Figure 4.4 Available Phosphorus at before and after planting. 

 

 Before experiment, the levels of available Phosphorus in SLS mixture 

increased after adding sludge cake in soil.  The ratio of 2:0:625 was maximum level 

resulting in 359 mg/kg of Phosphorus.  Available Phosphorus was not related to lime 

ratio when mixed sludge cake and soil were at the same ratio. 

 

 After experiment, the levels of available Phosphorus in SLS mixture increased 

after added sludge cake in soil.  The ratio of 4:0:625 was maximum level giving the 

value of available Phosphorus of 416 mg/kg. But SLS mixture available Phosphorus 

not related after added lime when mixed sludge cake and soil were at the same ratio.  

 

 The SLS mixtures were 4:0:625, 4:0.004:625 and 4:0:0.008:625, available 

Phosphorus of SLS mixtures after planting were significantly higher than those before 

planting at the 95 % confidence level.  In other treatments after planting, available 

Phosphorus was not significantly higher than those before planting at the 95 % 

confidence level.  Available Phosphorus of SLS mixture at before and after planting 

are illustrated in Table 4.3 and Figure 4.4. 
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4.3.5  Exchangeable Potassium (Exch. K) of SLS Mixture 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4.5 Exchangeable Potassium of SLS mixture at before and after  

         planting. 

 

 

 Before experiment, the volume of exchangeable Potassium in SLS mixture 

increased after adding sludge cake in soil.  The ratio of 2:0:625 was maximum level 

which gave the value of exchangeable Potassium of 508 mg/kg. Exchangeable 

Potassium did not relate to lime levels when mixing sludge cake and soil at the same 

ratio. 

 

 After experiment, the exchangeable Potassium in SLS mixtures increased after 

adding sludge in soil. The ratio of 4:0:625 was maximum level giving the value of 

780 mg/kg.  However, the exchangeable Potassium in SLS mixtures were not related 

to lime levels after mixing sludge cake and soil at the same ratio.  

 

 Exchangeable Potassium of SLS mixtures at the ratio of 4:0:625, 4:0.004:625 

and 4:0:0.008:625 after planting were significantly higher than those before planting 

at 0.05 level of significance.  In other treatments, exchangeable Potassium after 
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planting were higher, but not significantly.  Exchangeable Potassium of SLS mixture 

before and after planting are illustrated in Table 4.3 and Figure 4.5. 

 

4.3.6  Dry Weight of Green Kuang Futsoi 
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 Figure 4.6 The dry weights in the experimental treatment of Green Kuang 

           Futsoi. 

 

The dry weight of Green Kuang Futsoi increased after adding sludge cake in 

soil for planting at  the  rate  of  1  ton   per  rai.  The ratio  of  SLS mixture of  

2:0:625  should  be  the best  for planting that gave dry weight of 6.61 gram/2 plants.  
However, dry weights of Green Kuang Futsoi were related to lime levels when mixed 

sludge and soil at the same ratio as illustrated in Table 4.3 and Figure 4.6. 
 

4.4  The Result of the Study of Heavy Metals in Green Kuang Futsoi 

 
 After harvesting, the heavy metals in Green Kuang Futsoi were analyzed for 

different components as follows: Table 4.4  and Figure 4.7.  
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Table 4.4 Heavy metals in Green Kuang Futsoi. 
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Figure 4.7 Heavy metals in the experimental treatment of Green Kuang Futsoi 

 
4.4.1  Manganese 

 

 Manganese concentration in Green Kuang Futsoi was increased after adding 

sludge cake in soil.  The ratio of SLS mixture at 2:0:625 was maximum when 
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Mn (mg/kg) 0.17 0.49 0.30 0.39 0.52 0.51 0.49 0.39 0.48 0.46 25 

Zn (mg/kg) 0.73 1.18 1.13 0.95 1.15 0.96 1.01 1.01 1.17 0.94 400 

Cu (mg/kg) 0.21 0.39 0.27 0.31 0.45 0.30 0.49 1.23 1.31 1.35 500 
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Manganese was detected at 0.52 mg/kg.  Manganese was not related to lime levels 

when mixing sludge cake and soil at the same ratio.  
 

4.4.2  Zinc 

 

 Zinc in Green Kuang Futsoi was not related to level of sludge cake in soil. 

Zinc in Green Kuang Futsoi was not related to lime levels when mixing sludge cake 

and soil at the same ratio.  

 

4.4.3  Copper 

 

 Copper concentration in Green Kuang Futsoi was increased after adding 

sludge cake in soil.  The ratio of SLS mixture at 4:0:625 was maximum to yield 

Copper in Green Kuang Futsoi with 1.23 mg/kg. Copper was not related to lime levels 

when mixing sludge and soil at the same ratio.  

 

 Manganese, Zinc and Copper in all treatments were lower than harmful levels 

in plant of European countries. 

 

4.4.4  Heavy Metals in Maximum Yield Treatment. 

 

 Maximum yield treatment was maximum dry weight of Green Kuang Futsoi at 

35 days after planting in this trial. SLS Mixture was  2:0:625 (sludge cake 1  ton /soil 

1 rai).  The results of heavy metals in maximum yield treatment are shown in Table 

4.5. 
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Table 4.5  Heavy metals in maximum yield treatment. 

 

Index Value Food Safety 
Standard (26) 

Sn (mg/kg) 0.50 250 mg/kg 
Zn (mg/kg) 1.15 100 mg/kg 
Cu (mg/kg) 0.45 20 mg/kg 
Pb (mg/kg) ND. 1 mg/kg 
As (mg/kg) 0.149 2 mg/kg 
Hg (mg/kg) 0.072 0.5 mg/kg 

 

ND.   = Not Detected 

Analyzed by: National Food Institute of Thailand 

 

 Heavy metals (Tin, Zinc, Copper, Arsenic and Mercury) in Green Kuang 

Futsoi on maximum yield treatment were 0.50, 1.15, 0.45, 0.149 and 0.072 mg/kg., 

respectively.  The level of Lead could not be detected.  Hence, heavy metals in this 

treatment were lower than food safety standard (the Public Health Ministry 

announcement, issue 98, 1986). 
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CHAPTER V 

DISCUSSION 

 

 

5.1   The Properties of Sludge Cake  
 

 The properties of sludge cake from textile factory in Samut Prakarn Province 

were 9.88 % moisture and acidic (pH = 3.1).  It has been suggested that lime should 

be added in the sludge cake to prevent toxicity of accumulative heavy metals in plants 

(9).  The exchangeable Potassium recovered from the sludge cake was 0.14 % which 

was sufficient for growing vegetable according to the report by Thailand Institute of 

Scientific and Technological Research (31).  The C/N ratio of 3.0 found in this sludge 

cake was less than 20, the standard recommended by the Development of Soil 

Science, Kasetsart University for fast decomposing of organic materials (2).  The 

sludge cake could be used as fertilizer for edible leaf vegetable because of its high 

content of total Nitrogen, 8.69 %, similar to Wimon’s study (34) and that of 

Parinyarut (35).  Other heavy metals, Copper, Chromium, Lead, Arsenic, Mercury 

and Nickel were found at the values of 0.01, 38.96, 4.7, 4.7, 0.3 and 6.08 mg/kg, 

respectively. However, Cadmium and Selenium could not be detected. 

 

5.2   The Properties of Soil 
 

 The texture of soil in textile factory at Samut Prakarn Province was clay which 

could be able to adsorb heavy metals, according to Mongkol (39).  The pH value was 

7.32, suitable for plant nutrients.  Electrical conductivity was 0.03. dS m-1 which was 

normal.  CEC was high, suitable for the absorption of positive charge of plant 

nutrients.  High levels of macronutrients were recovered: total Nitrogen level at 0.263  

percent, available Phosphorus and exchangeable Potassium at 357 mg/kg and 443 

mg/kg, respectively. Calcium, Magnesium, Iron, Manganese and Zinc were also 
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recovered in high concentrations, compared with standard value of soil of the Land 

Development Department (37).  However, heavy metals such as Zinc, Copper, 

Arsenic, Chromium, Lead, Mercury, Nickel, Cadmium and Selenium were detected in 

levels lower than the standard of Pollution Control Department (13). 

 

5.3   The Effects of Sludge Cake on Properties of SLS  Mixture at     

       Before and After Planting 
 

5.3.1 pH 

 

 The pH of the original soil in experiment was lower than SLS mixture at 

before and after planting.  Before planting, pH level of SLS mixture decreased after 

adding sludge cake.  The pH level in SLS mixture increased after planting, except at 

the ratio of 4:0:625 where it was dropped.  The increasing volume of sludge cake 

seemed to have some effects on decreasing pH value. The sludge cake addition into 

the soil decreased pH about 50 percent due to organic acid in the sludge cake oxidized 

from organic matters as reported by Naiyana (27). 

 

 Before planting, pH level of the SLS mixture was increased after adding lime 

when mixing sludge cake and soil at the same ratio because this lime increased pH 

value of SLS mixture as Evanylo, GK reported (9).  After planting, pH of SLS 

mixture was not related to lime levels when mixing sludge cake and soil at the same 

ratio due to low rate of lime.  

 

5.3.2 CEC 

 

The CEC of the original soil was lower than SLS mixture.  Before planting the 

level of CEC in SLS mixture increased after adding sludge in soil until at the ratio of 

4:0:625, then it was stable.  CEC in SLS mixture increased after planting and rose in 

higher ratio of sludge cake.  The explanation that sludge cake can increase organic 

matter to the soil which can enhance Cation Exchange Capacity (CEC) agreed with 

Mongkol’s study (39).  The increasing of CEC in soil can improve absorption 
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capacity of positive charge which, in turn, can reduce the loss of plant nutrients from 

leaching.  This result is similar to the study of Parinyarat (35).  

 

5.3.3 Total Nitrogen 

 

 Total Nitrogen of the original soil was lower than that of SLS mixture. Total 

Nitrogen in soil was much different from what Mongkol (39) found.  After Green 

Kuang Futsoi planting, total Nitrogen volumes in soil decreased because of plant 

consumption.  The application of sludge cake can increase Nitrogen level in the SLS 

mixture due to the mineralization of organic matter as reported by Parinyarat (35). 

 

 Mineralization means the change procedure from organic Nitrogen to 

inorganic Nitrogen (availability form).  This procedure was carried out by microbial 

activities in soil as shown in Figure 5.1. 

 
                                                          H+                       Nitrosomonas          Nitrobactor 

Organic Nitrogen                   NH3                    NH4
+                    NO2

-                  NO3
- 

                                                                                    Nitrification 

                                                                                     

                                                   Mineralization 

Figure 5.1 Mineralization processes (41). 

 

 This process occurs approximately 10 days after adding sludge cake in soil, so 

each treatment had total Nitrogen value in SLS Mixture all the same before planting 

(39). 

 

5.3.4 Available Phosphorus     

 

 The amount of available Phosphorus in SLS mixture was higher than in soil 

alone; therefore, after planting it was increased which might be due to the amount of 

available Phosphorus mentioned above.  These findings were in agreement with 
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Mongkol (39) and Parinyarut (35).  Available Phophorus was increased by increasing 

of sludge cake level that was caused by the following processes: 

 

1. Decomposition of organic materials in soil by microorganisms 

released carbon dioxide and reacted with water and generate carbonic acid which can 

transform Phosphorus into available form. 

 

2. Decomposition of organic materials releases some elements, such as, 

phosphohumic with humateion replacement. The free radical of phosphate in soil 

increases phosphate in soil for being more beneficial to plant.  

 

5.3.5 Exchangeable Potassium 

 

The increase of exchangeable Potassium in SLS mixture was due to the 

application of sludge cake containing higher amount of exchangeable Potassium into 

soil.  This was previously reported by Parinyarut (35).  The sludge cake can release 

Potassium in SLS mixture into 3 types: 

 

1. Soluble Potassium 

2. Exchangeable Potassium 

3. Non-exchangeable Potassium 

 

These 3 types of Potassium can be changed with dynamic equilibrium process; 

that is, when Potassium in soil is excessive, plants will take up soluble Potassium, 

exchangeable Potassium and non-exchangeable Potassium.  After applying sludge 

cake, the level of soil soluble Potassium and exchangeable Potassium could be higher 

than normal level.  Hence, exchangeable Potassium, as well as CEC value, were 

increased after planting due to higher amount of exchangeable Potassium contained in 

sludge cake. 

 

 Lime levels did not affect on pH, total Nitrogen, available Phosphorus and 

exchangeable Potassium in SLS mixture after planting. 
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5.4  Optimum Ratio of SLS Mixture for Green Kuang Futsoi Growing 
  

 The growing of plant depends on the nutrients concentration level which can 

be detected in plant tissues.  

 

 The results from this experiment indicated that sludge cake applied with the 

rate of 1 tons per rai (SLS Mixture = 2:0:625) could promote of Green Kuang Futsoi 

growth better than control treatment. However, the increasing of sludge cake level 

could not increase Green Kuang Futsoi yield.  That might be due to high nutrient 

contents in Samutprakarn soil which sufficient for plant growth.  Therefore, using 

sludge cake could be beneficial or damage to the plants which depended on quality 

and volume of sludge applied into the soil.  The results obtained from this research 

correspond to the studies by Matsuzaki (36). 

 

5.5  Effect of SLS Mixture on Heavy Metals in Green Kuang Futsoi 

 
 The  levels  of  heavy metals such as  Manganese,  Copper  and  Zinc  in  

Green  Kuang  Futsoi  did  not  exceed the harmful levels in plant of European 

countries.  Copper in Green Kuang Futsoi revealed that at higher rate of application of 

sludge cake can increase Copper level in the plant.  Zinc in Green Kuang Futsoi 

volumes did not relate to level of sludge cake in soil.  Manganese after planting with 

different sewage sludge cake ratios were not significantly different.  Lime  levels  in  

SLS  mixture  did not  affect  heavy  metal  accumulation  in  Green Kuang  Futsoi. 

This study results were in agreement with those of Parinyarut. 

 

 Heavy metals such as tin, Zinc, Copper, Lead, Arsenic and Mercury in 

maximum yield of Green Kuang Futsoi were found in the levels less than food safety 

standard (the Public Health Ministry announcement, issue 98, 1986).  However, the 

application of sludge cake could leave some residues of heavy metals in plant; thus, 

rate of application should be careful. 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

6.1  Conclusions 
 

 6.1.1  Sludge cake from this industry has chemical and physical properties 

suitable as fertilizer because it contains sufficient primary nutrients elements.  

Moreover, its levels of heavy metals were acceptable for planting. 

6.1.2 The application of sludge cake could improve soil conditions without 

addition of lime. 

 6.1.3  The most suitable ratio of sludge cake, lime and soil mixture for planting 

Green Kuang Futsoi was  2:0:625 (sludge cake 1  ton /soil 1 rai),  which  gave highest  

yield. 

 6.1.4  Application of   sludge  cake into soil  resulted in increment of heavy  

metal levels in  Green Kuang Futsoi.  However, the levels did not exceed the toxic 

standard for plants and also met the safe level for consumption. 

 

6.2  Recommendations 
 

 6.2.1  Recommendations for Application Rate 

 

   6.2.1.1  Sludge cake from textile industry contains high essential plant 

nutrients and heavy metals in large volume. Therefore, this type of sludge cake should 

be adapted for decorative plants for maximum effectiveness.  

   6.2.1.2  This sludge cake should be mixed with soil before planting. 

   6.2.1.3 To use this type of sludge cake as fertilizer, it should be ground 

and dry, suitable for transportation and usage. 
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  6.2.2 Suggestion for Further Study 

 

   6.2.2.1  This kind of experiment should be operated using other soil types, 

such as acid soil, alkaline, low fertility soil and other kinds of plants.  Hence, we will know 

effect of this sludge cake on different soil types and kinds of plants. 

   6.2.2.2  Studies should be conducted on sludge cake from other sources of 

wastewater for optimum use of was materials  and conserve the environment. 

   6.2.2.3  A study on cost effectiveness should be conducted in the future. 

   6.2.2.4  The results of this study were based on a lab scale.  It is suggested 

that a field experiment should be carried out applying these results. 
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APPENDIX A 

EXPERIMENTAL PICTURE 
 

Preparation 

 1.  Sludge Preparation 

   

                                          
   The sludge cake from belt filter press 

 

  

                                            
             Dry out  1 month                                                       Grinding 

 

 

 

                                           
                      Product                                                                     Sieving 
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2.  Soil Preparation 

  

                                                      
               Surface area                                                      Dig deep 15 cm. 

 

 

 

                                    
          Grinding and sieving                                                   Dry out    

 

 

                                              
 

                                                           Product      
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3.  Lime 

                                  

                          
 

  Lime powder (Laboratory Reagent Grade; LR Grade) 

 

4.  Seedling Preparation 

 

                                     
              Seed                                       Immerse the seed in water for 1 day 

  

                

 

                                 
After 15 days                                      Seedling must be planted 

                                                               in the plastic tray by soil. 
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 5.  Pot 

 

                                                                
                       

11 inch diameter plastic pots 

 

Experimental Site 

           
 

Green House at Fertilizer Technology Center 

(Thailand Institute of Scientific and Technological Research) 
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Experimental Plan 

                                   
The experimental using the RCBD experimental. 

 

  The growth rate of Green Kung Futsoi in the fifth week of harvesting. 

               
   

  0:0:625    1:0:625  1:0.004:625  1:0.008:625  2:0:625  2:0.004:625  2:0.008:625  4:0:625  4:0.004:625  4:0.008:625 

 

                                               
sludge cake 0 ton/1 rai          sludge cake 0.5 ton/1 rai          sludge cake 1 ton/1 rai        sludge cake 2 ton/1 rai 
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APPENDIX B 

ANALYSIS METHOD 

 
Analysis of Sludge Cake (16) 

 

Moisture 

 

A. Apparatus 

 

1. Hot air oven 

2. Beaker 50 ml 

3. Balance 

4. Desiccator 

 

B. Procedure 

 

   5 g sludge cake (A1) 

                                                Bake 10 hours by hot air oven 

  

        Throw away inside desiccator 

 

    To weight (A2) 

 

C.    Calculation 
 
% moisture  =  (A1-A2)x100 

                              A1 

 

pH 

A. Apparatus 

    1. pH- meter 
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  2.  Balance 

3.  Glass bar 

 

B. Reagent 

 1. Standard buffer solutions of pH 4 and pH 7 

 2. Distilled water 

 

C. Procedure 

    1.  Weight 10 g soil into a 50 ml 

   2.  Add 20 ml distilled water. 

  3. Stir the suspension several times during the next 30 minutes to    

                          permit most of the clay to settle out of the suspension. 

  4. Calibrate the pH meter using the standard buffer solutions of pH  

  4.0 and 7.0 

  5. Stir the sample suspension and immediately determine the pH to 

  the nearest 0.01 pH unit 

        6.        Rinse the electrodes with distilled water and wipe with tissue  

         paper.  

 

      Total Nitrogen 

 

A. Apparatus 

 

 1. Micro-kjedahl tube 100 ml 

 2. Kjetech system   

 3. Digestion system 

        4.        Erlenmeyer flask 250 ml 

        5.        Burette 10 ml 

             6.        Pipette 15, 20 ml 
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B. Reagent 

 

 1. Salicylic acid 

 2. Sodium thiosulfate 

 3. Sulfuric acid 

 4. Sodium Hydroxide 

        5.        Zinc granular 

 6. Hydrochloric 0.2 N 

              7.       Catalyst (Copper sulfate: Potassium Sulfate (1:9)) 

 

C. Procedure 

 

0.3 g sludge cake 

 

 

     Salicylic acid 3g +H2SO4 40 ml 

                                                                         Sodium thiosulfate 8 g 

 

                                                             Digest 

 

Throw away at normal temperature 

 

 

Digest 

 

 

H2O 350 ml 

 

 

NaOH 100 ml+ Zn 

 

 

+ mixed catalyst 8 g 
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Steam distill 

 

 

Titrate by HCl 0.2 N 

 

 

TN=NH4+NO3+N+urea-N 

 

D.    Calculation 
 
% N = N HCl x ml HCl x1.4007 

                 Wt of sample 

 

Available Phosphorus 

 

A. Apparatus 

 

 1 Balance 

 2 Erlenmeyer flask 50 ml 

 3 Test tube 

 4 Filter paper No.1 

 5 Pipette 

 6 Auto dilutor 

 7 Volumetric flask 50 ml, 1 liter 

 8 Beaker 2 liter 

 9 Spectrophotometer 

 

B. Reagent 

 

 1 Nitric acid 69% 

 2 Perchoric acid 70 % 
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 3 Molybdovanavanadate reagent (Ammonium molybdate + Ammonium 

  metavanadate) 

 4 Phosphate standard solution 0, 1, 2, 3,4 ,5 ppm P 

 

C. Procedure 

  

0.5 g sludge cake 

                                                                    (HClO4:HNO3 = 1:1) 20 ml 

 

Digestion 220 oC 

 

 

Non-color solution 

 

 

Throw away this solution 

 

 

Wash this solution by distilled water 

 

Adjust this solution is 250 ml 

 

 

Pipette this solution 2 ml in Volumetric flask 100 ml 

                                                                             Molydovanadate reagent 10 ml 

 

Adjust this solution is 100 ml by distilled water 

 

Shake this solution and throw away 30 minute 

 

Measure concentration at wave length 420 nm of spectrophotometer 
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D.    Calculation 
 

%P  =  ppm p from graph x V1 x V2 x 100 

   Weight of sample (g) x V3x 106 

 V1 = First solution volume (ml) 

 V2 = Final solution volume (ml) 

 V3 = Aliquot take volume (ml) 

% P2O5  =  % P x (2x equivalent weight of P) + (5x equivalent weight of O) 

                                                  2x equivalent weight of P 

 

Exchangeable Potassium 

 

A. Apparatus 

 

 1. Erlenmeyer flask 50 ml 

 2. Filter paper No. 1 

 3. Pipette 

 4. Dispenser 25 ml 

 5. Test tube 

 6. Balance 

 7. Shaking machine 

 8. Auto dilutor 

 9. Flame photometer 

 

B. Reagent 

 

 1. Suppresser solution (CaCO3+ H2O+HCl) 

 2. Nitric acid concentration  

 3. Perchoric acid concentration 

 4. Potassium standard solution 
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C. Procedure 

 

0.5 g sludge cake 

             HNO3 conc.+ HClO4 conc (1:1) 20 ml 

Digestion 

 

Throw away this solution 

 

Filter by Filter paper No. 1 

 

 

Adjust this solution is 0-25 ppm  by distilled water 

           +  Suppressor 10 ml  

Measure concentration by flame photometer 

 

D.    Calculation 
 
% K2O  =  1.2046 x  ppm K 

                     Weight sample 

 

Organic Matter 

 

A. Apparatus 

 

 1. Balance 

 2. Erlenmeyer flask 50 ml 

 3. Cylinder 50 ml 

 4. Burette 

 5. Pipette 

 6. Beaker 
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B. Reagent 

 

 1. Potassium dichromate solution 

 2. Ferrous sulfate solution 

 3. O-phenanthraline ferrous sulfate (O-phenanthaline + Ferrous sulfate) 

 

C. Procedure 

 

0.1 g sludge cake (bake 75oC 20 hours) 

                                                                                                       K2Cr2O7 1 N 10 ml + H2SO4 10 ml 

                                     Add distilled water until 100 ml 

                        O-phenanthroline ferrous sulfate 10 drop 

Titrate by FeSO4.7H2O (green             red) 

 

D.    Calculation 
 
% OC  =  0.389 x N x B (C-D) 

  AC 

A  =  Weight of sample (g) 

B  =  Volume of K2Cr2O7 adding in sample and blank (ml) 

C  =  Volume of FeSO4.7H2O titration in blank (ml) 

D  =  Volume of FeSO4.7H2O titration in sample (ml) 

N =  Normal of K2Cr2O7 

% Organic Matter  = % OC x 1.7241 

C/N  =  (% OC )/ (%TN) 

%TN = % of  Total Nitrogen. 
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Calcium, Manganese, Zinc, Copper, Cadmium, Chromium, Lead,  

 Nickel and Selenium. 

 

A. Apparatus 

 

 1. Digestion flask 

 2. Hot plate 

3. Pipette 

4. Balance 

5. Volumetric flask 100 ml 

6. Filter paper No. 42 

 

B. Reagent 

 

 1. Sodium-borohydride 0.4 % (Sodium hydroxide+ Sodium borohydride) 

 2. Hydrochloric acid 5 N 37 % 

 3. Potassium-iodide  20 % 

 4. Sulfuric acid 95% 

 5. Perchoric acid 70 % 

 6. Nitric acid 65 % 

 

C. Procedure 

 

5 g sludge cake 

                                                                    HCl 15 ml + HNO3  10 ml 

Digest by hot plate 

 

 

Add (HCl 1: H2O = 1:5) 25 ml and boil 

 

Adjust this solution is 100 ml by distilled water 

 

HCl 15 ml + HNO3  10 ml 
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Filter by filter paper No. 42 

 

 

Measure concentration by atomic absorption spectrophotometer 

 

D.    Calculation 
 
Concentration (µg/g)  = X V 

        W 

 X  =  Concentration of Calcium, Manganese, Zinc, Copper, Cadmium,   

          Chromium, Lead, Nickel and Selenium (µg/l) 

 V   =  Volume of preparation sample solution (ml) 

 W  =  Weight of sludge cake (g) 

 

Arsenic 

 

A. Apparatus 

 

 1. Digestion flask 

 2. Hot plate 

3. Pipette 

4. Balance 

5. Volumetric flask 100 ml 

6. Filter paper No. 42 

 

B. Reagent 

 

 1. Sodium-borohydride 0.4 % (Sodium hydroxide+ Sodium   

  borohydride) 
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 2. Hydrochloric acid 5 N 37 % 

 3. Potassium-iodide  20 % 

 4. Sulfuric acid 95% 

 5. Perchoric acid 70 % 

 6. Nitric acid 65 % 

 7. Arsenic standard solution 

 

C. Procedure 

 

5 g sludge cake 

                                                                       H2SO4 2 ml+ HNO3 5ml+ HClO4 20 ml 

Digest by hot plate 

 

 

Adjust this solution is 100 ml by distilled water 

 

 

Filter by filter paper No. 42 

 

 

Measure concentration by atomic absorption spectrophotometer 

 

D.    Calculation 
 
Concentration As (µg/g ) = X  

          W 

 X  =  Concentration of Arsenic (µg) 
 W  =  Weight of sludge cake (g) 
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Mercury 

 

A. Apparatus 

 

 1. Digestion flask 

 2. Hot plate 

3. Pipette 

4. Balance 

5. Volumetric flask 100 ml 

6. Filter paper No. 42 

 

B. Reagent 

 

 1. Nitric acid 

 2. Sulfuric acid 

 3. Urea solution 

 4. Mercury standard solution 

 

C. Procedure 

 

5-10 g sludge cake 

                                                                  H2O 5 ml+ HNO3 20 ml + H2SO4 10 ml 

Digest by hot plate 

                                      

                              HNO3 until no-color 

Urea 10 ml 

 

Digest by hot plate 

         KMnO4 

Digest by hot plate 

 

Measure concentration by atomic absorption spectrophotometer 
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D.    Calculation 
 
Concentration Hg (µg/g)  = X  

           W 

 X  =  Concentration of Mercury (µg) 

 W  =  Weight of sludge cake (g) 

 

Soil and SLS Mixture (37) 

 

pH 

 

A. Apparatus 

 

1. pH meter 

2. Any suitable balance 

3. Beakers, 50 ml. cap. 

4. Watch 

5. Cylinder 

 

B. Reagents 

 

1. Standard Buffer solutions of pH 4 and pH 7 

  2. Distilled water 

 

C. Procedure 

 

  1. Weight 10 g sample into a 50 ml 

  2. Add 10 ml distilled water. 

  3. Stir the suspension several times during the next 30 minutes to  

  permit most of the clay to settle out of the suspension. 

  4. Calibrate the pH meter using the standard buffer solutions of pH  

  4.0 and 7.0 
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  5. Stir the sample suspension and immediately determine the pH to 

  the nearest 0.01 pH unit 

  6. Rinse the electrodes with distilled water and wipe with tissue  

  paper.  

   

Electrical Conductivity (EC) 

 

A. Apparatus 

 

 1. Erlenmeyer flask 125 ml 

2. Balance 

3.  Filter paper No. 5 

4. Cylender 50 ml 

       5. Conductivity meter 

 

B.      Reagents 

 

 1. Potassium chloride solution 0.1 N 

 2. Distilled water 

 

C. Procedure 

 

   1. Weight 10 g sample into 125 ml 

  2. Add 50 ml distilled water. 

  3. Stir the suspension several times during the next 30 minutes to  

  permit most of the clay to settle out of the suspension. 

  4. Calibrate the pH meter using the KCl 0.01 M and 0.1 M 

 5. Measure electrical conductivity by conductivity meter 
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Organic Matter (OM) 

 

A. Apparatus 

 

        1.        Erlenmeyer flask 250 ml 

 2. Pipette 10 ml 

 3. Cylender 25,50 ml 

 4. Burette 50 ml 

 

B. Reagents 

 

  1. Potassium dichromate 1 N 

  2. Ferrous ammonium sulphate 0.5 N 

          3. Orthophenanthalene indicator 0.025 M 

  4.         Conc. Sulfuric acid 

 

C. Procedure 

 

1 g sample 

                        K2CrO7 1 N 10 ml+ H2SO4 15 ml 

          Throw away 30 minute 

      

 

Add distilled water 50 ml 

    Drop Orthophenanthalene Indicator 

           5 drop 

Titrate by ferrous ammonium sulphate 0.5 N 

(green                red) 
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D.    Calculation 
 

%  Organic carbon  = (B-T) N x 100 x 3 x 100 x 10 

                                       B           77            103     W 

%  Organic matter  =  %  Organic carbon x 1.724 

N  = Concentration of potassium dichromate (N) 

B  = Volume of ferrous ammonium sulphate titration with blank (ml) 

T  = Volume of ferrous ammonium sulphate titration with soil (ml) 

W = Soil weight (g) 

 

Cation Exchange Capacity (CEC) 

 

A.  Apparatus  

 

1. Erlenmeyer flask 125 ml 

2. Buchner funnel 

3. filtering flask 500 ml 

4. filter paper No. 42 

5. Volumetric flask 100 ml 

6. Kjeldahl flask 800 ml 

7. Burette 50 ml 

8. pH-meter 

9. Distill furnace 

10. Balance 

 

B. Reagents 

 

1. Ammonium Acetate solution 1 N pH 7 

2. Ammonium Oxalate solution 10 % 

3. Ammonium Hydroxide 50 % 

4. Ammonium Chloride 1 N 
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5. Ammonium Chloride 0.25 N 

6. Silvernitrate Solution 0.1 N 

7. Ethyl alcohol 95 % 

8. Sodium Chloride Solution 10  % 

9. Sodium Hydroxide Solution 40 % 

10. Boric acid Solution 3  % 

11. Hydrochloric Solution 0.1 N 

12. Mixed indicator (Mix 0.22 g bromocresol green, 0.075 g methyl  

red, 96 ml ethyl alcohol 95 % and 3.5 ml Sodium Hydroxide 0.1 N) 

 

C. Procedure 

 

5-10 g sample 

 

Kjeldahl flask 

                                                                     + 60 ml Ammonium Acetrate1 N 

Filter 

 
Leachate by Ammonium Acetate 1 N until non-calcium. 

                                                   + distilled water until 

                                                  100 ml solution 

 Leachate 4 times by Ammonium Acetate 1 N                                       
 and 1 time by Ammonium Chloride 0.25 N 

 
Wash soil solution by 200 ml Ethyl alcohol 

 
Throw away this solution 

                                            +    225 ml Sodium Chloride 

                                  Solution 10 % 

Filter 

                                          +     Pumice stone 
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Pour this solution in Kjeldahl flask 

                                                                            +     25 ml Sodium Hydroxide 40 % 

Steam distill, into 5 ml 3% boric acid 

and add mixed indicator 5 drops 
(violet            green) 

 
Titrate with 0.1 N HCl (green        violet) 

 

D. Calculation 

 

   CEC (cmol kg-1) = (A-B)Nx100 

                                                                          W 

   A = volume of HCl used by the sample (ml) 

   B = volume of HCl used by the blank (ml) 

                   N = normality of HCl (N) 

                  W = weight of soil (g) 

 

Total Nitrogen 

 

A. Apparatus 

 

1. micro-kjedahl tube 100 ml 

2. Kjetech system   

3. Digestion system 

4. Erlenmeyer flask 250 ml 

5.       Burette 10 ml 

                  6.       Pipette 15, 20 ml 

 

B.  Reagents 

 

 1. Sulfuric acid, concentrated A.R. 
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 2. Sodium hydroxide 40 % 

 3. kjetabs 

 4. Boric acid 4 % 

 5. Mixed indicator (Mix 0.3 g bromocresol green, 0.2 g methyl red 

             and 400 ml ethyl alcohol 90 %) 

 6. Hydrochloric acid 0.1 N 

 

C. Procedure 

 

0.5-2 g sample 

 

Kjedahl flask 

      +  15 ml. conc. H2SO4 and 2  glass   

             beads 

Heat in Digestion System (white solution) 

        +  distilled water 50 ml and NaOH 

              40% 25 ml 

Steam distill, into 25 ml 4% boric acid and add mixed indicator 6-7 drops 

(violet            green) 

 

 
Collected 150 ml 

 

 
Titrate with 0.1 N HCl (green        violet) 

 

E. Calculation 

 

  Total Nitrogen (%)  = 1.4 X (Y-B)  

                                 A 
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   X   = normality of H2SO4 (N) 

   B = volume of HCl used by the blank (ml) 

   Y-B = volume of HCl used by the sample (ml) 

   A = weight of soil (g) 

 

Available Phosphorus 

 

A. Apparatus 

 

1. Balance 

2. Erlenmeyer flask 50 ml 

3. test tube 

4. Filter paper N0.5 with diameter 11 cm. 

5. pipette 

6. Auto dilutor 

7. Volumetric flask 50 ml, 1 l 

8. Beaker 2 l 

9. Spectrophotometer 

 

B. Reagents 

 

1. Bray II (0.03 N NH4 F,  0.1 N HCl) 

2. Stock solution (Reagent A: Sulfuric-molybdate-tartrate solution) 

 50 g Ammonium molybdate + 200 ml distilled water + 1.213 g antimony 

Potassium tartrate + 50ml distilled water + 700 ml Conc. H2SO4 + distilled water 

(until 1 l solution) 

3. Develop solution (Reagent B: Working solution) 

1.76 g ascorbic acid + 1,600 ml distilled water + 40 ml Reagent A + distilled 

water (until 2 l solution) 

4.   Phosphorus standard solution 

0.2195 g Potassium dihydrogen phosphate + 2 drops sulfuric acid + distilled 

water (until 1 l solution) 
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5.  The Phosphorus standards are made up in 0, 2, 4, 6, 8, 10 and 15 mg/l 

 

C. Procedure 

 

1 g soil 

                                                        +  10 ml Bray II 

 

Filter by filter paper No.5 

 
Drop 1 part of this solution: 16 parts of working solution 

 

Measure concentration at wave length 882 nm of spectrophotometer 

 

C. Calculation 

 

 Available Phosphorus (mg kg-1)  = B x df(sample)x R        

                                                                       A x df(standard) 

  A   =  weight of soil (g) 

  B   = extract solution (ml) 

  R = transmittance value 

  df         =         dilution factor 

 

Exchangeable Potassium 

 

A. Apparatus 

 

 1. Erlenmeyer flask 50 ml 

 2. Filter paper No. 5 

 3. Pipette 

 4. Dispenser 25 ml 

 5. Test tube 
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 6. Weighing machine 

 7. Shaking machine 

 8. Auto dilutor 

 9. Flame photometer 

 10. pH meter 

 

B. Reagents 

 

 1. Ammonium acetate solution 1 N pH 7.0 

  57 ml glacial acetic acid + 68 ml ammonium hydroxide + distilled 

water until 1 l solution (pH 7) 

 2. Potassium standard solution 100 mg/l 

 3. The Potassium standards are made up in 0, 5, 10, 15 and 20 mg/l 

 

C. Procedure 

 

2.5 g sample 

                                                                             +   ammonium acetate solution 1 N    

                                                                                   pH 7.0 

Shake 30 minute by shaking machine 

            

 
Filter by paper filter No. 5 

 
Measure concentration at wave length 338 nm of flame photometer 

 

D.    Calculation 
 

 Exchangeable Potassium (mg kg-1) = Dx df  x B 

                                                          A 
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   A = weight of sample (g) 

   B = volume of extract ammonium acetate   

     solution (ml) 

   df = dilution factor 

   D = Potassium concentration compared with   

     standard solution (mg kg-1) 

 

Calcium, Magnesium 

 

A. Apparatus 

 

 1. Balance 

 2. Erlenmeyer flask 50 ml 

 3. Test tube 

 4. Filter paper No. 5 

 5. Pipette 

 6. Auto dilutor 

 7. pH meter 

 8. Shaking machine 

 9. Atomic Absorption Spectrophotometer 

 

B. Reagents 

 

 1. Ammonium acetate solution 1N pH 7.0 

 2. Calcium, Magnesium standard solution 

 

C. Procedure 

 

2.5 g sample 

      Ammonium acetate solution 1N pH 7.0 
                                                       25 ml 

     Shake 30 minute 
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Filter by paper filter No. 5 

 
Measure concentration at wave length 442 nm of  

Atomic Absorption Spectrophotometer 

 

D.    Calculation 
 

Calcium, Magnesium (mg/kg) = D x df x B 

            A 

A   =  Weight of soil (g) 

B   =  Volume of ammonium acetate solution 

df   = Dilution factor 

D  = Concentration of Calcium or Magnesium compared with concentration     

         Standard (mg/l) 

 

Ferric, Zinc, Manganese Copper, Arsenic, Cadmium, Chromium, Lead, 

Mercury, Nickel and Selenium 

 

A. Apparatus 

 

 1. Balance 

 2. Erlenmeyer flask 50 ml 

 3. Test tube 

 4. Filter paper No. 42 

 5. Pipette 

 6. Auto dilutor 

 7. pH meter 

 8. Shaking machine 

 9. Atomic Absorption Spectrophotometer 
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B. Reagents 

 

 1. Diethyl triamine penta acetic acid solution (DTPA extracting solution  

  pH 7.3) 

 2. Ferric, Magnesium, Zinc, Copper, Arsenic, Cadmium, Chromium,  

  Lead, Mercury, Nickel and Selenium standard solution 

 

C.   Procedure 

 

10 g sample 

        DTPA 20 ml 

      

     Shake 2 hours 

 

 

Filter by paper filter No. 42 

 

Measure concentration by Atomic Absorption Spectrophotometer 

 

D.    Calculation 
 
 Ferric, Zinc, Manganese Copper, Arsenic, Cadmium, Chromium, Lead, 

Mercury, Nickel and Selenium (mg/kg)  =  BxdfxD 

                                                                                                           A 

A   =  weight of soil (g) 

B   =  volume of DTPA (ml) 

df  =  dilution factor 

D  =  Concentration of Ferric, Zinc, Manganese Copper, Arsenic, Cadmium,    

         Chromium, Lead, Mercury, Nickel and Selenium compared with standard   

         solution (mg/l) 
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Green Kuang Futsoi 

 

Dry Weight  

 

A. Apparatus 

 

 1. Hot air oven 

 2. Weighing machine 

 

B.        Procedure 
 

Fresh weight Green Kuang Futsoi (g) 

                                                                          Bake 24 hours by hot air oven 

 

Dry weight Green Kuang Futsoi (g) 

 

Heavy Metals in Green Kuang Futsoi 

(Manganese, Zinc, Copper, Tin, Lead, Arsenic, Mercury) 

 

A. Apparatus and Reagent 

 

 1. Atomic Absorption Spectrophotometer 

 2. Standard solution of Manganese, Zinc and Copper 

 

B. Procedure 

 

Prepare working standard solution 

     

 

 

Pipette plant solution 1 cm3 + distilled water 10 cm3 
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Measure manganese, zinc and copper by atomic absorption spectrophotometer 

 

C. Calculation 
 
 Mn/Zn/Cu/Sn/Pb/As/Hg (mg kg-1)       =    (r-b)  x  100  x  d.f.   mg kg-1 

                                                                                          s                

   r-b   =   read value (mg  L-1)  - blank 

   s = weight of sample plant (g) 

   d.f. = dilution factor 
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APPENDIX C 

DATA OF THE EXPERIMENT 
 

Table C-1 Physical and chemical properties of sludge cake 

 

Index Result 

Moisture (%) 9.88 

pH 3.1 

Total N (%) 8.69 

Avail. P (%) 2.04 

Exch. K (%) 0.14 

Organic Matter (%) 42.84 

C/N 3:1 

Ca (%) 0.14 

Mg (%) 0.11 

Mn (%) 0.0023 

Zn (%) 0.013 

Cu (mg/kg) 100.0 

Cd (mg/kg) ND. 

Cr (mg/kg) 38.9 

Pb (mg/kg) 4.7 

As (mg/kg) 4.7 

Hg (mg/kg) 0.3 
Ni (mg/kg) 6.08 

Se (mg/kg) ND. 

 

ND. = Not Detected 

Analyzed by: Agricultural Chemistry Division, Department of Agriculture. 
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Table C-2 pH of ratio sludge cake:  lime. 

 

Sludge Cake: Lime pH 

1:0 2.9 

1:0.004 5.1 

1:0.008 6.4 

2:0 2.8 

2:0.004 3.2 

2:0.008 4.5 

4:0 2.8 

4:0.004 3.5 

4:0.008 4.3 
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Table C-3 The properties of soil  

 

Index Result 

pH 7.32 

EC (dS  m-1) 0.03 

CEC (cmol kg-1) 19.4 

Total N (%) 0.263 

Avail. P (mg/kg) 357 

Exch. K (mg/kg) 443 

Organic Matter (%) 5.31 

Ca (mg/kg) 4,636 

Mg (mg/kg) 581 

Fe (mg/kg) 51.84 

Mn (mg/kg) 19.67 

Zn (mg/kg) 53.6 

Cu (mg/kg) 65.7 

As (mg/kg) 4.96 

Cd (mg/kg) ND. 

Cr (mg/kg) 25.6 

Pb (mg/kg) 37.3 

Hg (mg/kg) 0.720 

Ni (mg/kg) 41.8 

Se (mg/kg) ND. 

 
 

 

ND.   =  Not Detected 

Analyzed by:  Agricultural chemistry Division, Department of Agriculture. 
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 The Properties of SLS Mixture (Before Planting) 

Table C-4 pH of before planting. 

SLS Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 7.31 7.30 7.35 7.32 0.026458 
(1:0:625) 7.28 7.29 7.32 7.30 0.020817 
(1:0.004:625) 7.30 7.33 7.37 7.33 0.035119 
(1:0.008:625) 7.37 7.34 7.34 7.35 0.017321 
(2:0:625) 7.25 7.29 7.31 7.28 0.030551 
(2:0.004:625) 7.28 7.31 7.29 7.29 0.015275 
(2:0.008:625) 7.35 7.26 7.30 7.30 0.045092 
(4:0:625) 7.04 7.31 7.06 7.14 0.150444 
(4:0.004:625) 7.18 7.19 7.19 7.19 0.005774 
(4:0.008:625) 7.22 7.15 7.22 7.20 0.040415 

 

Table C-5 CEC (cmol kg-1) of before planting. 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 19.6 19.5 19.2 19.4 0.208167 
(1:0:625) 18.9 19.8 20.4 19.7 0.754983 
(1:0.004:625) 18.9 20.3 20.2 19.8 0.781025 
(1:0.008:625) 19.7 19.7 20.1 19.8 0.230940 
(2:0:625) 19.8 19.8 20.2 19.9 0.230940 
(2:0.004:625) 19.5 20.1 20.3 20.0 0.416333 
(2:0.008:625) 19.9 19.9 19.9 19.9 0.000000 
(4:0:625) 19.9 19.7 19.9 19.8 0.115470 
(4:0.004:625) 19.6 20.4 20.3 20.1 0.264575 
(4:0.008:625) 20.3 20.1 20.3 20.2 0.115470 

 

Table C-6 Total Nitrogen (%) of before planting. 
SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 0.26 0.26 0.27 0.263 0.005774 
(1:0:625) 0.26 0.27 0.26 0.263 0.005774 
(1:0.004:625) 0.28 0.26 0.26 0.267 0.011547 
(1:0.008:625) 0.25 0.24 0.26 0.250 0.010000 
(2:0:625) 0.26 0.26 0.27 0.263 0.005774 
(2:0.004:625) 0.25 0.27 0.24 0.255 0.017474 
(2:0.008:625) 0.26 0.29 0.28 0.277 0.015275 
(4:0:625) 0.26 0.28 0.26 0.267 0.011547 
(4:0.004:625) 0.25 0.26 0.26 0.257 0.005774 
(4:0.008:625) 0.26 0.25 0.27 0.260 0.010504 
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Table C-7 Available Phosphorus (mg/kg) of before planting. 
SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 348 340 384 357 23.437861 
(1:0:625) 362 326 387 358 30.664855 
(1:0.004:625) 365 352 389 369 18.770544 
(1:0.008:625) 361 355 366 361 5.507571 
(2:0:625) 374 378 326 359 28.936713 
(2:0.004:625) 391 372 366 376 13.051181 
(2:0.008:625) 353 388 395 379 22.501852 
(4:0:625) 338 361 375 358 18.681542 
(4:0.004:625) 357 389 394 380 20.074860 
(4:0.008:625) 355 365 374 365 9.504385 

 

Table C-8 Exchangeable Potassium (mg/kg) of before planting. 
SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 

(0:0:625) 456 424 449 443 16.822604 
(1:0:625) 410 496 444 450 43.312816 
(1:0.004:625) 496 498 494 496 2.000000 
(1:0.008:625) 502 502 451 485 29.444864 
(2:0:625) 512 514 498 508 8.717798 
(2:0.004:625) 512 520 498 510 11.135529 
(2:0.008:625) 526 488 534 516 24.576411 
(4:0:625) 514 506 486 502 14.422205 
(4:0.004:625) 506 488 524 506 18.000000 
(4:0.008:625) 540 502 464 502 38.000000 

 

The Properties of SLS Mixture (after planting) 

 

Table C-9 pH of after planting. 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 7.48 7.57 7.56 7.54 0.040277 
(1:0:625) 7.52 7.48 7.44 7.48 0.03266 
(1:0.004:625) 7.47 7.47 7.48 7.47 0.004714 
(1:0.008:625) 7.56 7.60 7.60 7.59 0.018856 
(2:0:625) 7.35 7.35 7.35 7.35 8.88E-16 
(2:0.004:625) 7.39 7.41 7.44 7.41 0.020548 
(2:0.008:625) 7.43 7.45 7.39 7.42 0.024944 
(4:0:625) 7.15 7.06 7.10 7.10 0.036818 
(4:0.004:625) 7.35 7.33 7.31 7.33 0.01633 
(4:0.008:625) 7.23 7.24 7.26 7.24 0.012472 
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Table C-10 CEC (cmol kg-1) of after planting. 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 19.5 19.7 20.3 19.8 0.339935 
(1:0:625) 20.1 20.2 19.6 20.0 0.262467 
(1:0.004:625) 19.4 20.4 20.0 19.9 0.410961 
(1:0.008:625) 20.1 19.8 20.1 20.0 0.141421 
(2:0:625) 19.9 20.6 20.0 20.2 0.309121 
(2:0.004:625) 20.5 20.0 20.2 20.2 0.205480 
(2:0.008:625) 20.6 19.2 20.6 20.1 0.659966 
(4:0:625) 20.0 20.3 20.6 20.3 0.244949 
(4:0.004:625) 20.1 20.3 20.6 20.3 0.205480 
(4:0.008:625) 20.3 20.2 20.4 20.3 0.081650 

 

Table C-11 Total Nitrogen (%) of after planting. 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 0.19 0.18 0.20 0.190 0.008165 
(1:0:625) 0.21 0.20 0.21 0.207 0.004714 
(1:0.004:625) 0.25 0.24 0.23 0.240 0.008165 
(1:0.008:625) 0.24 0.22 0.21 0.230 0.010000 
(2:0:625) 0.26 0.25 0.26 0.257 0.004714 
(2:0.004:625) 0.23 0.21 0.21 0.217 0.009428 
(2:0.008:625) 0.26 0.20 0.26 0.240 0.028284 
(4:0:625) 0.22 0.21 0.21 0.213 0.004714 
(4:0.004:625) 0.25 0.23 0.24 0.240 0.008165 
(4:0.008:625) 0.24 0.21 0.23 0.227 0.012472 

 

Table C-12 Available Phosphorus (mg/kg ) of after planting. 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 353 360 366 360 5.312459 
(1:0:625) 343 406 344 364 29.465611 
(1:0.004:625) 369 382 372 374 5.557777 
(1:0.008:625) 407 390 408 402 8.259674 
(2:0:625) 357 385 364 369 11.897712 
(2:0.004:625) 399 384 390 391 6.164414 
(2:0.008:625) 371 398 387 385 11.085526 
(4:0:625) 400 434 414 416 13.952300 
(4:0.004:625) 434 441 442 439 3.559026 
(4:0.008:625) 559 552 552 554 3.299832 
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Table C-13 Exchangeable Potassium (mg/kg) of after planting. 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 495 476 434 468 25.486380 
(1:0:625) 498 500 509 502 4.784233 
(1:0.004:625) 506 508 476 497 14.636332 
(1:0.008:625) 472 480 499 484 11.323525 
(2:0:625) 524 508 526 519 8.055364 
(2:0.004:625) 650 695 610 652 34.721111 
(2:0.008:625) 506 890 518 638 178.258240 
(4:0:625) 755 775 810 780 22.730303 
(4:0.004:625) 880 920 885 895 17.795130 
(4:0.008:625) 1020 975 940 978 32.744805 

 

Table C-14 Dry Weight of Green Kuang Futsoi (grams/2 plants) 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average Total 
(6plants) S.D. 

(0:0:625) 1.60 1.51 1.36 1.49 4.47 0.121244 
(1:0:625) 5.14 6.12 4.70 5.32 15.96 0.726911 
(1:0.004:625) 5.23 5.28 4.40 4.97 14.91 0.494267 
(1:0.008:625) 4.72 5.57 2.82 4.37 13.11 1.408013 
(2:0:625) 6.82 6.10 6.91 6.61 19.82 0.443959 
(2:0.004:625) 6.43 6.53 6.15 6.37 19.10 0.196977 
(2:0.008:625) 6.52 6.88 5.44 6.28 18.85 0.7494 
(4:0:625) 3.45 2.10 1.98 2.51 7.53 0.816272 
(4:0.004:625) 3.14 2.35 1.83 2.44 7.32 0.659621 
(4:0.008:625) 3.10 2.24 1.29 2.21 6.63 0.905373 

 

Heavy Metals in Green Kuang Futsoi 

 

Table C-15 Manganese (mg/kg) in Green Kuang Futsoi. 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 0.32 0.10 0.08 0.17 0.133167 
(1:0:625) 0.18 0.62 0.68 0.49 0.273008 
(1:0.004:625) 0.48 0.12 0.30 0.30 0.180000 
(1:0.008:625) 0.36 0.44 0.36 0.39 0.046188 
(2:0:625) 0.56 0.40 0.60 0.52 0.105830 
(2:0.004:625) 0.46 0.52 0.56 0.51 0.050332 
(2:0.008:625) 0.50 0.42 0.54 0.49 0.061101 
(4:0:625) 0.50 0.26 0.40 0.39 0.120554 
(4:0.004:625) 0.56 0.52 0.36 0.48 0.105830 
(4:0.008:625) 0.54 0.46 0.38 0.46 0.080000 
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Table C-16 Zinc (mg/kg)  in Green Kuang Futsoi. 

SLS Mixture Rep. 1 Rep. 2 Rep. 3 Average SD. 
(0:0:625) 0.68 0.78 0.74 0.73 0.050332 
(1:0:625) 1.26 1.12 1.16 1.18 0.072111 
(1:0.004:625) 1.12 1.16 1.12 1.13 0.023094 
(1:0.008:625) 0.94 0.94 0.96 0.95 0.011547 
(2:0:625) 0.96 1.24 1.26 1.15 0.167730 
(2:0.004:625) 0.98 0.96 0.94 0.96 0.020000 
(2:0.008:625) 0.90 1.10 1.04 1.01 0.102632 
(4:0:625) 1.00 1.02 1.02 1.01 0.011547 
(4:0.004:625) 1.20 1.14 1.18 1.17 0.030551 
(4:0.008:625) 0.96 0.94 0.92 0.94 0.020000 

   

Table C-17 Copper (mg/kg)  in Green Kuang Futsoi. 

SLS  Mixture Rep. 1 Rep. 2 Rep. 3 Average S.D. 
(0:0:625) 0.18 0.22 0.24 0.21 0.030551 
(1:0:625) 0.38 0.42 0.36 0.39 0.030551 
(1:0.004:625) 0.24 0.28 0.28 0.27 0.023094 
(1:0.008:625) 0.30 0.32 0.32 0.31 0.011547 
(2:0:625) 0.44 0.48 0.44 0.45 0.023094 
(2:0.004:625) 0.30 0.30 0.30 0.30 0.000000 
(2:0.008:625) 0.48 0.52 0.48 0.49 0.023094 
(4:0:625) 1.20 1.22 1.28 1.23 0.041633 
(4:0.004:625) 1.18 1.34 1.40 1.31 0.113725 
(4:0.008:625) 1.30 1.48 1.28 1.35 0.110151 

 

Table C-18 Heavy metals in maximum yield treatment. 

Index Result 
(mg/kg) 

Tin (Sn) 0.50 
Zinc (Zn) 1.15 
Copper (Cu) 0.45 
Lead (Pb) ND. 
Arsenic (As) 0.149 
Mercury (Hg) 0.072 

 

ND.   = Not Detected 

Analyzed by: National Food Institute of Thailand 
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APPENDIX D 

TOLERACE MECHANISMS IN GREEN KUANG FUTSOI 

CELLS. 

 
 Tolerance mechanisms for inorganic and organic pollutants in Green Kuang 

Futsoi cells. Detoxification generally involves conjugation followed by active 

sequestration in the vacuole where the pollutant can do the least harm. Chelators 

shown are (42) 

GSH: glutathione, 

Glu: glucose, 

MT: metallothioneins, 

NA: nicotianamine, 

OA: organic acids, 

PC: phytochelatins. 
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APPENDIX E 

SOIL STANDARD 

 
Table E-1 Soil standard 

 

Index  
Level 

pH* 

Ultra Acid(<3.5), Extremely Acid(3.5-4.5), Very Strongly 
Acid(4.6-5.0), Strongly Acid(5.1-5.5), Moderately 
Acid(5.6-6.0), Slightly Acid(6.1-6.5), Neutral(6.6-7.3), 
Slightly Alkaline(7.4-7.8 ), Moderately Alkaline(7.9-8.4), 
Strongly Alkaline(8.5-9.0),Very Strongly Alkaline(>9) 

EC* (dS  m-1) Neutral(<2), Slightly Salty(2-4), Moderately Salty (4-8), 
Very Salty(8-16), Strongly Salty(>16) 

CEC* (cmol kg-1) 
Very Low(<3.0), Low(3.0-5.0), Rather Low(5.0-10.0), 
Moderate(10.0-15.0), Rather High(15-20), High(20.0-
30.0),Very High(>30.0) 

Total N** (%) Low(<0.05), Moderate(0.075-0.125), High(>0.175) 

Avail. P* (mg/kg) Very Low(<3), Low(3-10), Moderate(11-15), High(16-
45),Very  High(>45) 

Exch. K* (mg/kg) Very Low(<30), Low(30-60), Moderate(61-90), High(91-
120), Very  High(>120) 

Organic matter* (%) 
Very Low(<0.5), Low(0.5-1.0),  Rather Low(1.0-1.5), 
Moderate(1.5-2.5), Rather High(2.5-3.5), High(3.5-4.5), 
Very  High(>4.5) 

Ca* (mg/kg) Very Low(<400), Low(400-1000), Moderate(1001-2000), 
High(2001-4000), Very  High(>4,000) 

Mg* (mg/kg) Very Low(<36), Low(36-120), Moderate(121-365), 
High(366-975), Very  High(>975) 

Fe* (mg/kg) Lack(<2.5), Suitable(2.5-4.5), Excess(>4.5) 
Mn* (mg/kg) Lack(<1.0), Excess(>1.0) 
Zn* (mg/kg) Lack(<0.5), Suitable(0.5-1.0), Excess(>1.0) 
Cu* (mg/kg) Lack(<0.2), Excess(>0.2) 

 

*       =   Standard value of soil from Land Development Department (37). 

**    =   Standard value of soil from Taoun M. (39). 
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