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CHAPTER I 

INTRODUCTION 
 

1.1 General Statement 

 

Natural geochemical processes and anthropogenic activities are two major 

causes of releasing hazardous substances such as heavy metals and other toxic 

substances to the environment. Cadmium (Cd) can mainly be found in the earth's crust 

and is released into rivers through weathering of rocks and into the air through forest 

fires and volcano eruptions. Despite natural processes, Cd is also released through 

human activities. Cd naturally coexists with zinc (Zn); thus, it is a by-product of the 

Zn mining industry. Cd enters the environment mainly through the ground because it 

is found in manures and pesticides. Of all non-essential heavy metals, Cd is perhaps 

the metal which has attracted most attention in soil science and plant nutrition due to 

its potential toxicity to man and relative mobility in the soil plant system. The 

management of Cd in soil plant systems is difficult because of its very variable 

relationship between accumulation in soil and translocation to plants and the food 

chain. 

Cd is a by-product of the Zn industry; therefore, Cd can be found in increasing 

amounts in the soil around those industries. Cd contamination caused by mining 

activities over three decades has received considerable critical attention in the Mae-

Sot district, Tak province, Thailand (Pensiri Akkajit, 2008). Cd concentration in 

paddy soil has become an environmental issue since 2003 because Cd was uptaken by 

the rice grown in this area. The paddy fields are receiving irrigation water from the 

two creeks (Mae Tao and Mae Ku) passing the Zn mining area and were found to 

contain markedly elevated Cd and Zn levels. Cd in rice grains was determined for 524 

fields and was found to be in the range of 0.05 to 7.7 mg/kg. Over 90% of the rice 

grain samples collected contained Cd at concentrations exceeding the Codex 

Committee on Food Additives and Contaminants (CCFAC) Maximum Permissible 

Level for rice grains of 0.2 mg Cd/kg (Simmons et al., 2005) 

Thailand is the leader of rice exporting nation, which produces the famous 

Jasmine rice cultivar; therefore, crop production in Cd contaminated areas has become 
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an issue of concern due to elevated Cd concentrations found in rice plants, which 

possesses a health risk to humans and the environment. An elevated consumption of 

Cd can cause kidney damage and is linked to renal dysfunction. Other diseases 

associated with Cd exposure are pulmonary emphysema and the notorious Itai–Itai 

disease (Yeung and Hsu, 2005). Exposure of humans to Cd is via the food chain and 

drinks. An increase in the soil Cd content generally results in an increase of the plant 

uptake of Cd although soil properties and types of plants grown on soil are considered 

as crucial factors influencing Cd accumulation (Swaddiwudhipong et al., 2007). 

Several approaches have been introduced to decrease the Cd bioavailability in 

contaminated soils including chemical and organic soil amendments. In this study 

organic fertilizer or compost amendments are introduced to be natural material 

application based on the theory that organic matter in the fertilizer may bind to the Cd 

and hence decreases the mobility of Cd. At the same time, the organic fertilizer can 

release macronutrients and micronutrients resulting in a soil quality improvement 

such as the water holding capacity, buffering soil pH, and increasing of the soil CEC 

(Havlin et al., 1999). In the agricultural sector, usage of organic fertilizers produced 

from local materials and agricultural wastes is sustainable and can maintain soil’s 

quality in the long run. 

 

1.2  Objectives 

 

There are two main objectives of this study: 

1. To study the effects of organic fertilizer (compost), potassium hydroxide, and 

the combination of potassium hydroxide and organic fertilizer addition to the 

soil on Cd in the rice biomass.  

2. To determine the Cd soil fractions in order to investigate the effects of the 

amendment addition as proposed in the first objective on the Cd forms in soil.  

 

1.3  Hypothesis 
  

The addition of organic fertilizers and potassium hydroxide can immobilize 

cadmium in the soil phase and reduce the cadmium bioavailability by Oryza sativa L. 

(Khoa Dawk Mali 105) 
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1.4  Scopes of the study 
 

The Jasmine rice 105 cultivar (Khoa Dawk Mali 105) is a photoperiod 

sensitive cultivar, which was selected in this study to conduct a pot experiment and a 

field study. 

 

1.4.1 Pot experiment 

 

1. A pot experiment was carried out at the Kasetsart University, Kamphaengsaen 

Campus

2. Cd contaminated soil was used with an initial Cd concentration of >70 mg 

Cd/kg soil. The soil for the pot experiment was collected from Cd 

contaminated areas with high Cd contamination in the Mae-Sot district. Each 

pot contained 5 kg dry soil. 

, Nakornpatom. 

3. A pot study was performed studying potassium hydroxide, organic fertilizer, 

and a combination of potassium hydroxide and organic fertilizer addition. 

4. The Organic fertilizers used in the pot study was a commercial compost 

obtained from Nonthaburi municipality and an organic fertilizer prepared by 

composting using PD1 (Pattana-tee-din1) as inoculums. 

5. The amounts of organic fertilizer added were 10, 25, and 100 g/pot. 

Concentrations of 1 Mol/L potassium hydroxide solution added were 80 and 

240 mL/pot. 

6. The samples were collected at four different stages, namely after amendment 

addition, after 60 days (vegetative stage), 90 days (panicle formation stage), 

and 120 days (maturity stage). 

 

1.4.2 Selected plots at a contaminated site  

 

1. The organic fertilizer was applied to four selected plots in the Mae-Sot 

District, Tak Province, exhibiting a low and high Cd contamination. 

2. The organic fertilizer used in this study was prepared by composting leaves, 

branches, and biomass residues mixed with cow manure using PD1 (Pattana-
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tee-din1) as inoculums. The organic fertilizer was applied at a concentration of 

500 kg/rai 

3. The samples were collected at five different stages, namely before organic 

fertilizer addition (background), after organic fertilizer addition and before 

transplanting of the rice seedlings, after 60 days (vegetative stage), 90 days 

(panicle formation stage), and 120 days (maturity stage). 

 

1.4.3 Samples and analysis 

 
Same sample analysis procedures were applied for samples collected from the pot 

as well as from the field study. 

1. Soil properties were analyzed for: 

1.1 Soil pH by using a pH meter. 

1.2 Soil organic matter (OM) by using a wet digestion method according to 

the Walkley – Black method. 

1.3 Oxidation Reduction Potential (ORP) by using an Oxidation Reduction 

Potential meter. 

2. Metal Analysis 

2.1 The two metals of interest were Cd and Zn) 

2.2 The Cd and Zn concentrations were analyzed by Atomic Absorption 

Spectrometer (AAS) 

2.3 The soil samples were subjected to both a total digestion and sequential 

extraction procedure according to the EPA 3052 method and BCR 

sequential extraction procedure proposed by the Standards, 

Measurements and Testing programme of the European Union (SM&T), 

respectively. 

2.4  The rice plant parts, namely stems with leaves, panicles, and grains 

were digested by using a wet ashing method with HNO3 and H2O2

 

 as 

reagents. Root samples were digested by wet ashing with HNO3 and 

HCl. 
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CHAPTER II 

THEORETICAL BACKGROUND AND 

LITERATURE REVIEW 
 

This s tudy f ocused on t he C d bi oavailability t o r ice pl ants; t herefore, s pecific 

principles related to this aspect are 

• Forms and chemical speciation of heavy metals 

• Bioavailability and translocation in plants 

• Interactions between plant roots, soil solution, and soil 

• Factors affecting Cd mobilization and availability 

• Cultivation of rice 

 

2.1 Forms and chemical speciation of heavy metals 
 

The mobilization and b ioavailability of  he avy m etals a lways depends on  the 

form or  chemical species (Adriano, 2001). In soils, solubility equilibria may change 

significantly w ithin a f ew c entimeters ( even millimeters) a t bot h horizontal a nd 

vertical soil gradients (Kabata Pendias and Pendias, 2001). There are many chemical 

processes r elated t o f ate of  he avy m etals na mely a dsorption, c omplexation, ion 

exchange, and precipitation (Adriano et al., 2004). 

Chemical extraction is applied to access operationally defined metal fractions, 

which can be  related t o chemical s pecies as well a s to the pot ential mobi lity, 

bioavailability, or ecotoxicity (Joszef et al., 2004). Sequential extraction schemes use 

suitable r eagents w hich are applied i n a given o rder t o t he s ample; t he number of  

stages and the choice of the specific reagent used in each scheme is dependent on the 

goals and on t he physical characteristics of the target sample (Kennedy et al., 1997). 

The choice of a suitable extractant should be strictly correlated with: (a) the nature of 

the me tal, (b) the  c hemical f orm o f the  metal, (c) the  ma trix f rom w hich the 

compounds are extracted, and (d) the analytical techniques available in the laboratory 

for the final determination.  
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In all s chemes, extractants a re a pplied with increasing r eactivity s o that the  

successive fractions obtained correspond to metal forms with lesser mobility (Figure 

2.1). Extractants com monly us ed i n sequential ex traction schemes f all ge nerally 

within the following groups: unbuffered salts, weak acids, reducing agents, oxidizing 

agents, and strong acids. 

Table 2.1 The BCR three-stage sequential extraction scheme (Tokalioglu et al., 2003) 

Step Reagents Fractions/Forms 

1 

 

Acetic acid: CH3 Exchangeable, water and acid 

soluble (e.g., carbonates) 

COOH (0.11 Mol/L), 

pH 2.85 

2 Hydroxylammonium chloride: 

NH2

Reducible 

OH.HCl (0.1 Mol/L) at pH 2 (e.g., iron/manganese oxides) 

3 Hydrogen peroxide: H2O2 (8.8 

Mol/L), followed by ammonium 

acetate: CH3COONH4

Oxidizable 

 (1.0 Mol/L) at 

pH 2 

(e.g., organic substance 

and sulphides) 

4  

Residual 

Aqua regia: 3HCl + HNO Remaining, non-silicate  3 

bound metals 

*The residual material is not included in the BCR protocol. 

 

The t hree s tage s equential e xtraction pr ocedure pr oposed i n T able 2. 1, a  

protocol pr oposed b y a European w orking group c oordinated a nd s upported b y t he 

Community Bureau of Reference (BCR), was used to investigate all three fractions in 

this s tudy. The determination of  the residual f raction (Step 4)  is not  included in the 

BCR e xtraction pr ocedure pr otocol ( Davidson e t a l., 1998;  Ipolyi e t a l., 2002;  

Tokaliolu e t a l., 2003) . The r esidual f raction c an be  de termined b y m any di fferent 

approaches de pending o n t he t ype of  s oil; f or e xample, s iliceous s oil should be  

digested b y h ydrofluoric a cid, h ydrochloric acid, a nd ni tric a cid f ollowing t he 

procedure of the EPA 3052. 
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Figure 2.1 Relationship between metal mobility in the different operationally defined 

phases and leachant s trength of com mon chemical r eagents us ed for s equential 

extraction (Filgueiras et al., 2004) 

 

Three s teps of  BCR extraction can be de fined as ex changeable f raction, 

Reducible f raction and ox idizable f raction. T he exchangeable f raction includes 

weakly adsorbed metals retained on the solid surface by relatively weak electrostatic 

interaction, metals that can be released by ion-exchange processes and metals that can 

be coprecipitated with carbonates present in the solid phase. Generally, heavy metals 

in the exchangeable and acid soluble f raction are considered readily and potentially 

bioavailable, while the r educible and oxidizable f ractions a re r elatively s table unde r 

normal s oil c onditions (Wong e t a l., 2002). In t he BCR2 e xtraction s tep, C d 

associated to the iron-manganese oxide fractions is extracted, which is the well known 

‘sink’ of the surface environment for heavy metals. Reduction of Fe (III) and Mn (IV) 

under anoxic conditions and their subsequent dissolution could release adsorbed trace 

metals. Hydroxylamine hydrochloride in nitric acid medium is a widely used reagent 

to extract the easily reducible fraction. The Cd associated to the exchangeable (BCR1) 

and reducible (BCR2) f raction in anoxic condition is mobile and available for plant 

uptake, while those in the latter stages of the extraction schemes are less available to 
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plants. The or ganic fraction r eleased i n t he ox idizable s tep i s not  c onsidered v ery 

mobile or  a vailable s ince it is  thoug ht to be a ssociated with stable hi gh mol ecular 

weight hum ic s ubstances tha t r elease s mall a mounts of  me tals in  a  s low ma nner. 

Metallic pol lutants a ssociated w ith ox idizable pha ses a re a ssumed t o r emain i n t he 

soil for longer periods but may be mobilized by decomposition processes.  

 

2.2 Bioavailability and translocation in plants 
 

The behavior of  the e lements in the environment cannot be  p redicted on the 

basis of  the ir tot al c oncentration because not  a ll me tals a re la bile or  b ioavailable 

(Gobran et a l., 2001)  du e t o c omplex di stribution pa tterns a mong va rious c hemical 

species of  the solid phase. The total metal content of  a  soil is  distributed among a ll 

possible chemical forms (speciation) in the solid, liquid or the biotic phase (Vig et al., 

2003). The assessment of environmental risks requires not only the determination of 

total amounts of  heavy metals in the soil but  a lso the heavy metal concentration in 

each fraction, i.e., the availability of the heavy metals. A widely used method for the 

identification and evaluation of the availability of heavy metals in soils is the leaching 

from soils by means of chemical extractants. 

Different de finitions of bi oavailability ( Adriano, 2001;  Semple et al ., 2004) 

defines “availability” and “bioavailability” as 

• The rate and extent at which a chemical is released from a medium of concern. 

• The bi oavailability of  t he c hemical t o l iving r eceptors ( e.g., pl ant r oots) 

through direct contact or uptake. 

Bioavailability o f he avy m etals de pends gr eatly on the cha racteristics of  t he 

particle s urface, on  t he kind of  s trength o f the bond a nd on t he pr operties of  t he 

solution in contact with the solid samples. Once the ions have been absorbed through 

the r oots or  l eaves and  ha ve be en transported t o the x ylem v essels, there i s t he 

possibility of movement throughout the whole plant. The rate and extent of movement 

within plants depends on t he type of metal, the plant organ, and the age of the plant 

(Alloway, 1995). 
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2.3 Interactions of plant roots, soil solution and soil  
 

The rhizosphere is generally considered to be a narrow zone of about 1-2 mm 

between the bulk soil and the plant roots, where the root exudates stimulate or inhibit 

microbial popul ations a nd their a ctivities. The rhizosphere c ontrols t he upt ake of  

nutrients a s w ell a s t oxic c ompounds b y plants, pl ant g rowth, a nd t he m icrobial 

activity. The rhizosphere soil differs from the bulk soil in its physical, chemical, and 

biological characteristics, which affects the trace element distribution and the overall 

bioavailability to plants. 

 
Figure 2.2 Schematic chart of the rhizosphere showing the various exudates and their 

influence on abiotic factors and reactions in the soil – solution interface. OC = organic 

carbon; C + = cat ion; A -= a nion; L-

 

= l igand; pe  =  r edox pot ential. ( Adraino e t a l., 

2004). 

In t he rhizosphere s oil, w ater a nd nut rients d ynamically m ove a nd a re 

concentrated around the roots as show in Figure 2.2. The water potential regime in the 

rhizosphere soil is generally lower than in the bulk soil. The redox potential is more 

negative i n t he r hizosphere s oil t han i n t he bul k s oil, due  t o t he hi gher ox ygen 

consumption as pa rt of  t he r espiration pe rformed b y t he pl ant r oots a nd 

microorganisms. P lant r oots a nd r oot-induced chemical ch anges i n t he rhizosphere 

strongly affect the bioavailability of trace elements. Firstly, root-induced changes in 

the ioni c e quilibria inf luence t he bi oavailability of t race el ements. The di fferential 

rates of plant uptake of water and ions in the soil solution result in a depletion or an 

accumulation of the ions in the rhizosphere. In general, trace elements present at low 
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concentrations in the soil solution are most likely to be depleted as a consequence of 

plant upt ake. S econdly, root-induced changes i n t he pH  a nd r edox pot ential i n t he 

rhizosphere af fect t he dynamics o f t race el ements, either t hrough changes o f 

speciation or through dissolution of the trace element bearing mineral phases (Gobran 

et. al., 2000).  

The r oot-induced c hanges i n pH  i s pr imarily a c onsequence o f bot h t he 

excretion of protons (Mclaren and Cameron, 1996) and the differential rates of uptake 

of c ations a nd anions b y plants, which are com pensated by a r elease o f pr otons or  

hydroxyl/bicarbonate i ons i n t he r hizosphere. P lant r oots a re l ikely t o a lter t he 

speciation of these elements. Many t race element carbonates and oxides are soluble 

under acidic or reducing conditions, which are present in the rhizosphere. Finally, root 

exudates as  w ell as  m icrobe-induced or ganic compounds ( phytosiderophores a nd 

organic acids) containing complex substances tend to increase the solubility and thus 

the bi oavailability o f tr ace e lements in  soils. These r eleased organic m olecules ar e 

prime s ources of  e nergy for r hizosphere m icroorganisms. S ome e xudates c ontain 

carboxylic anions such as citrate, oxalate or malate, and phytosiderophores exhibiting 

strong complexation properties with respect to  a whole range of  t race elements (Fe, 

Cd, Cu, and Zn) (Gobran et. al., 2000).  

 

2.4 Factors affecting the Cd mobilization and availability 
 

There are many factors that affect metal mobilization and immobilization that 

are related to bioavailability. Important factors for this study are comprised of: 

• pH 

• ORP 

• Zinc 

• Organic matter 

  

2.4.1 pH 

 

Soil pH  is  the ma jor f actor de termining the  a vailability o f C d in the s oil 

because i t a ffects m etal s peciation w ith adsorption a nd de sorption m echanisms on 

solid surfaces as  w ell a s in the s oil s olution and the s olubility of  me tal h ydroxide 
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minerals. C d upt ake i s i nversely r elated t o s oil pH (Alloway, 1995 ). Under na tural 

conditions, t he soil pH ranges most of ten be tween 5 a nd 7, e xcept where t here i s a  

high reductive state in waterlogged soil (Kabata Pendias and Pendias, 2001). Soil pH 

is al so negatively correlated to the C d content i n rice. Total C d upt ake a nd s hoot 

uptake i ncreased w ith i ncreasing r edox pot ential a nd a de crease i n p H (Adriano, 

2001). 

 Precipitation as metal hydroxides or carbonates is considered to be one of the 

mechanisms f or t he i mmobilization of  m etals, such a s P b, Z n, a nd Cd by liming 

materials (Pierzynski and Schwab, 1993). The formation of the new solid phase (i.e., 

precipitates) oc curs when t he i onic pr oduct i n t he s olution e xceeds t he s olubility 

product of that phase. In normal soils, precipitation of metals is unlikely, but in highly 

metal contaminated soils, this process can play a major role in the immobilization of 

metals, especially under alkaline soil pH. (Bolan et al., 2003b) 

 

2.4.2 Oxidation-reduction potential (ORP or Eh) 

 

Oxidation-reduction processes ar e ex pected to play a m ajor r ole i n the 

mobilization a nd i mmobilization pr ocesses of  t race e lements t hat can o ccur unde r 

various r edox pot entials of  t he s oil ( Selim a nd K ingery, 2001) . Changes i n t he 

oxidation state of  the  me tals a ssociated with the ox ides c an greatly affect the ir 

solubility and mobility in soil and aqueous environments (Lee, 2006). Under flooded 

conditions a greatly reduced solubility of Cd could be observed. This behavior of Cd 

is due to the formation of CdS solid phase at a low redox potential. Under low Eh and 

high pH conditions, the adsorption of Cd by amorphous oxyhydroxides of Fe and Mn 

may also be important (Adriano, 2001). 

 

2.4.3 Zinc 

 

Zn belongs to group IIB together with Cd and Hg (mercury), which potentially 

are the most hazardous elements for the biosphere found in the periodic table. Cd is 

similar i n m any a spects t o Z n. T he c lose a ssociation of  C d a nd Z n i n g eological 

deposits a nd the c hemical s imilarity o f the  tw o elements c arry over int o biological 

systems. Cd has no kno wn biological function, but Zn is an essential element. Under 
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conditions of Zn adequacy other mechanisms may affect Cd uptake and translocation 

in pl ants i ncluding c ompetition be tween C d a nd Z n a t upt ake s ites on t he r oot-cell 

plasma membrane surface, loading of  Cd into xylem elements for the t ransportation 

from the roots to the leaves, and s ymplasmic t ransport of  Cd to, and loading of  Cd 

into, phloem elements for movement into phloem sink tissues including reproductive 

organs, growing points and newly forming roots (Adriano, 2001). 

 

2.4.4 Organic matter 

  

The major portion of the organic matter (OM) in most soils results from biological 

decay of biota residues. The end products of  this degradation are humic substances, 

organic acids of low-molecular and high-molecular weights, carbohydrates, proteins, 

peptides, a mino a cids, l ipids, w axes, pol ycyclic aromatic h ydrocarbons, and l ignin 

fragments. In addition, the excretion products of roots, composed of a wide variety of 

simple organic acids, are present in soils (Essington, 2003). 

 

 
 

Figure 2.3 Sketch of soil organic matter (SOM) showing various kinds of functional 

groups associated with soil components (Yong, 2002). 

 

Soil or ganic m atter ( SOM) i s c omposed of  pol ycyclic or  aromatic rings. A s 

shown in Figure 2., carbon and nitrogen combined with oxygen and/or hydrogen form 

the various types of  surface functional groups. The most common functional groups 
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are h ydroxyl groups, c arboxyl groups, phe nolic groups, a nd amines. T hey can 

protonate or  de protonate de pending on t he a queous e nvironment pH , i .e., t hey 

develop positive or  negative charges depending on the pH of the soil. The carboxyl 

groups are the major contributors to the acidic properties of the soil organics (Yong, 

2002).  

 

The or ganic components of  s oil c onstituents ha ve a  hi gh a ffinity f or m etal 

cations because of  the p resence of  l igands o r groups that can chelate metals (Harter 

and Naidu, 1995). With increasing pH, the carboxyl, phenolic, alcoholic and carbonyl 

functional groups in SOM dissociate and thereby increase the affinity of  l igand ions 

for m etal cations. The general or der of  affinity for m etal cations co mplexed by 

organic matter follows the order Cu2+ > Cd2+ > Fe2+ > Pb2+ > Ni2+ > Co2+ > Mn2+ > 

Zn2+ 

OM affects the transportation (and subsequent leaching) and accumulation of 

metal ions present in soils and waters as chelates possessing different stabilities and 

thus t he s upply o f t hese i ons t o pl ant r oots. O M can absorb metal i ons b y i on 

exchange mechanism rendering them less mobile and therefore less bioavailable. The 

sorption ability of  OM for Cd is predominantly defined through i ts cation exchange 

capacity (CEC) rather than chelating ability. In addition to CEC, soil humus has also a 

chelating ability, and some metals have a tendency to combine with certain chelating 

groups.  Metal-fulvic acid complexes with lower stability constants usually are more 

readily soluble and thus more available to plant roots. 

(Adriano, 2001). 

 

2.5 Rice and cultivation 
   

This s tudy f ocused on t he r ice c ultivar J asmine R ice 105 or  K hao D awk M ali 

105, which i s a  photoperiod sensitive cultivar; therefore, the growth length depends 

on the l ight but  normally is about 120  da ys. The r ecommended cultivation a reas i n 

Thailand a re t he N orth a nd N orth-East w ith a  pr oductivity of  a bout 362 kg /Rai. 

Prominent pr operties are a  good aroma and i t i s dr ought, s aline, and a cid r esistant. 

This formation can be divided as two parts which are as follows: 

• Rice growth stages 

• Cultivation 
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2.5.1 Rice growth stages  

Rice s eeds ar e capable t o germinate unde r w ater and the col eoptile of  t he r ice 

embryo g rows m ore r apidly and m ore e xtensively unde r w ater t han in a ir. The 

seedlings should be  t ransplanted a pproximately one  m onth a fter s owing i n t he 

nursery. At this stage the seedlings have four to five leaves. Only strong seedlings are 

transplanted. The seedlings must be  t ransplanted into a  very wet soil and planted in 

straight r ows with pr oper s pacing be tween t hem. U sually, a  di stinction i s m ade 

between the four growth stages of rice, which are presented in Figure 2.. 

 
Figure 2.4 Sketch of the rice morphology in each stage of rice growth (The Food and 

Agriculture Organization of the United Nations, 1989) 

 

The details and definitions of the rice growth stages and drain development are 

described in the following paragraphs.  

Nursery stage: from s owing t o t ransplanting; t he dur ation i s approximately o ne 

month. 

Vegetative stage: from transplanting to panicle initiation; the duration varies from 1 to 

3 months. The ve getative s tage inc ludes the  ti llering, meaning th at s everal s tems 

develop on one plant. If the rice is sown directly (broadcast), the two combined stages 

are called the vegetative stage. 

Mid season or reproductive stage: from panicle initiation to flowering; the duration is 

approximately one month. This stage includes stem elongation, panicle extension, and 

flowering. Late tillers may die. 
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Late season or ripening stage: from f lowering to full ma turity; the  dur ation is 

approximately one month. This stage includes grain growth. 

When rice growth reach the late season or ripening stage, the development of 

the individual rice grains from anthesis through grain dry down starts. Each stage of 

development is illustrated in Figure 2. and described in the following information. 

Anthesis: One or more florets on the panicles of the main stem has been formed. 

Caryopsis expansion: At least one caryopsis on the main stem panicle is elongating to 

the end of the hull. 

Grain filling: Starch is synthesized in this stage. 

End of grain filling: At least one grain on the main stem panicle has a yellow hull. 

Grain dry down: All grains have brown a hull. 

 

Anthesis Caryopsis expansion Grain filling
End of 
grain 
filling

Grain 
dry 

down  
Figure 2.5 The morphology of the rice grain from anthesis through grain dry down 

(Adapted from Counce et al., 2005). 

 

In pa ddy soils, s oil s olution pH  a lters t owards ne ar ne utral as t he s ystem 

moves f rom ox idizing t o r educing conditions, w hich r educes C d ph ytoavailability. 

However, drainage of  f ields a t the  critical grainfill s tage in order to optimize yields 

and facilitate ease of harvesting decreases the soil pH to the antecedent condition and 

increases the Cd phytoavailablity to rice plants (Chaney et al., 1996). 

 

2.5.2 Cultivation 

 

Many s teps have to be  t aken into account when growing r ice such as weeding, 

fertilization, a nd pe st c ontrol. W eeds pr event r ice f rom gr owing a nd t illering w ell. 

Weeding us ually s tarts two weeks af ter t ransplanting and continues as  ne cessary 

throughout t he gr owing s eason. A ll pl ants ne ed nut rients f or g rowth. F or r ice 

cultivation, f ertilizers a re us ually applied j ust be fore t ransplanting, on e m onth a fter 
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transplanting, and one  month be fore f lowering. M oreover, pe st c ontrol i s ne eded 

because rats, birds, and insects often do much damage to the rice crop.  

The tilla ge s ystem a nd the ir rigation system a lso affect the  fate a nd 

bioavailability of Cd in soil. Tillage may impact the pH, organic matter, and nutrient 

stratification in the soil profile as well as the microclimate, the root distribution, and 

crop growth dynamics. These effects may influence Cd uptake by crops. Deep tillage 

may have some potential for reducing the uptake of Cd by crops. This technique could 

be effective in conditions where the surface soil has been enriched in Cd (McLaughlin 

and S ingh, 1 999). Irrigation w ater qua lity c an ha ve a m arked effect on c rop C d 

concentrations, l argely through a ddition of  e lements i n t he applied w ater. Ions l ike 

chloride, bicarbonate, or sulfate present in the ir rigation water affect the availability 

and immobilization of Cd as well (Brown et al., 2002). 

 

2.6 Literature review 
 

Several s tudies ha ve be en c onducted t o de termine t he C d a mount i n the 

biomass of many kinds of plants including edible plants. The uptake of Cd by crops 

possesses a  r isk f or t he health of  hum ans. Biosolid, m anure, a nd c ompost a ddition 

have also been studied with respect to heavy metal stabilization in soil and a possible 

reduction of  t he bi oavailability. In a ddition, t he effect of  lime  a ddition on 

immobilization and phytoavailability was studied as well. 

Bolan et al. (2003a) studied the effects of  biosolid compost on t he uptake of 

Cd from M anawatu s oil us ing m ustard pl ants ( Brassica juncea L.). I ncreasing 

addition of Cd increased the Cd concentration in plants, resulting in a decreased plant 

growth at high levels of Cd. Addition of biosolid compost was effective in reducing 

the phytotoxicity of  Cd as indicated by a  decrease in the concentration of  NH4

Pichtel and Bradway (2008) studied the effects of organic amendments on Pb, 

Cd, a nd Zn upt ake b y conventional c rops na mely s pinach, c abbage, a nd a  grass–

legume m ix. B oth gr eenhouse a nd f ield c onditions w ere s tudied. F or g reenhouse 

OAc 

extractable-Cd and soil solution-Cd. The solid phase fractionation study indicated that 

the a ddition of  bi osolid c ompost de creased t he c oncentration of  t he s oluble a nd 

exchangeable C d f raction but  i ncreased t he c oncentration o f or ganic-bound C d 

fraction in soil. 
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experiments, s oil s amples w ere obt ained f rom s lag a nd ba g hous e dus t f rom 

abandoned steel tailing disposal facility located in Western Europe. Pots were treated 

with c omposted pe at ( CP) b y t opdressing a nd m ixing. T he r esults indicated that 

composted peat in soil and the initial Cd concentration affected the uptake of Cd by 

plant biomass. On the f ield s tudy, plots measuring were conducted b y s lag material 

with topdressing treatments to plots included farmyard manure (FYM) and CP FYM 

which provides more Cd stabilization for spinach and the grass–legume mix. The Cd 

concentration f ound i n t he bi omass obt ained b y t he f ield e xperiment w ith C P 

treatment i s l ower t han for t he greenhouse e xperiment be cause of  c ontact w ith s alt 

spray, e xcessive s oil drainage, c ooler t emperatures, a nd ot her u ncontrolled 

environmental variables the field was exposed. 

Hanč et al. (2008) studied the effect of compost and poultry manure on the 

bioavailability of Cd and copper and their uptake by oat biomass. Poultry manure and 

compost application decreased the Cd uptake 3.5 times (1.7 μg per pot compared to 

the control), which was the lowest uptake obtained during three years. It was caused 

by the l ow Cd content i n soil. It can be cl aimed t hat an application of high-quality 

organic m atter i nto s oil de creases C d upt ake by  aboveground pl ant bi omass. It i s 

possible that Cd remained in the roots and was not translocated into the shoots. Roots 

posses a significant cation exchange capacity and this may be a part of the mechanism 

controlling t he m ovement of  i ons t hrough t he out er pa rt of  t he r oot t o t he 

plasmalemma, where active absorption occurs. 

Bolan et al. (2003b) s tudied the potassium hydroxide and calcium hydroxide 

addition t o t wo di fferent s oils. T his r esulted i n an i ncrease of  C d upt ake b y pl ants. 

There w as no direct ev idence f or l ime-induced pr ecipitation of  C d a s C dCO3 or 

Cd(OH)2, but it was shown that there is a significant correlation between extractable 

Cd concentration of extractable form and soil solution. Cd in soils can be immobilized 

by increasing the soil pH through addition of liming materials. Reduction of  the Cd 

uptake i s caused by an increased Cd2+ adsorption caused by pH induced increase of 

the ne gative s urface c harge of  t he s oil. Increasing a ddition of  C d e nhanced C d 

concentration i n pl ants, r esulting i n de creased pl ant growth ( i.e., ph ytotoxicity). 

Although a ddition of  C a(OH)2 effectively reduced C d ph ytotoxicity, t he C d upt ake 

increased at the highest level of Ca(OH)2, probably due to decreased Cd2+ adsorption 

resulting from increased Ca2+ competition. 
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There are many p rocedures for heavy metal immobi lization in soil including 

the addition of organic materials, as well as chemicals such as lime and sulphate. 

Walker et  al . (2004) s tudied the ef fects of m anure a nd compost on s oil pH , 

heavy metal availability, and growth of Chenopodium album L. in a soil contaminated 

by pyritic mine waste, which is a sulphide-rich waste. However, the decrease of soil 

pH dur ing t he e xperiment w as onl y s lightly observable i n manure t reated s oil. 

Mineralization of the labile OM in the fresh cow manure may have altered the redox 

state of  the  s oil to less ox idizing c onditions; thus, minimizing the  o xidation of 

sulphide to sulphate and the consequence of  this i s soil acidification. The ef fects of  

compost and manure on soil pH seemed to be the main determinants of  Zn and Mn 

availability and uptake, s o the pH  ef fect w as g reater t han that of  m etal com plex 

formation by soluble OM. The effect of the compost with respect to metal availability 

was limited in this soil due to its inability to prevent acidification. 

Lee e t a l., ( 2004) s tudied t he e ffects of  c hemical a mendments on  t he 

concentration of  C d and P b i n l ong-term c ontaminated s oils. T he application of  

calcium c arbonate ( CA), calcium carbonate m ixed w ith Z n ox ide ( CA +  ZN), or  

calcium c arbonate m ixed with compost ( CA + CO) s ignificantly r educed the grain 

and l eaf C d concentration of  t he w heat s pecies. D ue t o t he l ower concentration of  

metals a nd hi gher c ontents of  or ganic c arbon in c layey soils c ompared with sandy 

soils, higher amounts of metals were adsorbed on organic carbon or clay particles in 

clayey soils. The addition of  compost s ignificantly r educed the Cd concentration in 

the husk of wheat grown in the sandy soil. 

Rice is a staple food in Asia; therefore, heavy metal contamination of crops is 

an important issue of concern. Several researches studied the immobilization of heavy 

metals in soil. Rice was also reported to play important role for Cd phytoextraction.  

Murakami e t al. ( 2009) studied t he ph ytoextraction of  C d us ing Indica r ice 

cultivars capable of accumulating high levels of Cd. Phytoextraction with Indica rice 

reduced t he t otal s oil C d c ontent b y 38%  and r educed t he grain C d c ontent i n 

subsequently grown J aponica f ood r ice b y 47%  w ithout de creasing t he yield. T he 

results suggest that phytoextraction with Chokoukoku soil can remove Cd from paddy 

fields pol luted w ith l ow t o m oderate l evels of  C d a nd r educe t he g rain C d 

concentration of  J aponica f ood r ice c ultivars t o below t he C odex s tandard w ithin a  

reasonable time frame. 
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Because of  t he i mportance of  f ood r equirements a nd f ood t rading, h eavy 

metals in rice grains are of great concern. Thus, organic material amendments such as 

biosolids and manure were studied. They were applied to reduce the bioavailability of 

Cd to rice plants, especially to the rice grain.  

Khai et al. (2008) studied the effects of biosolid application on s oil chemical 

properties i n pe ri-urban a gricultural s ystems. When comparing the  s ix di fferent 

treatments of  c omposted m anure a nd chicken manure a pplication, t he a ddition of  

biosolids ha d a  s ignificant pos itive e ffect on organic c arbon a nd t otal ni trogen. 

However, The application of biosolids increased the EDTA-extractable fraction of Cd, 

Cu, and Zn, while no e ffect on N H4NO3

Metal speciation and factors affecting metal availability have been studied in 

paddy f ield s imulations under f looded conditions. Flooded soil has a  negative redox 

potential m eaning t hat r educing c onditions pr evail, w hich i s di fferent f rom dr ained 

paddy soil. Oxygen and water play an important role for the redox condition (Sparks, 

1995). Due to the different conditions, the interaction of ions in soil and soil solution 

is changed, which affects the availability. 

-extractable fractions of these elements was 

observed. T he a ddition of bi osolids i n t he f orm of  c hicken m anure a nd c omposted 

manure also increased t he s oil con centration of electroconductivity. T he t otal 

concentrations of Zn and Cu (for the Vinh Phuc site) and potential dissolved Cd, Cu, 

and Zn w ere s ignificantly hi gher i n s oils t reated w ith bi osolids, w hereas t he t otal 

concentrations of Cd and Pb were not di fferent from the control. This was probably 

due t o t he s hort t erm na ture of  t he bi osolid a pplication a nd t he relatively l ow 

concentrations of these trace metals in the biosolids. 

Kashem and Singh (2000) s tudied the effects of flooding and organic matter 

on c hanges i n E h, pH , and s olubility o f C d, N i, a nd Z n. T he r edox pot ential ( Eh) 

decreased after submergence. In waterlogged soil the Eh will decrease once oxygen is 

consumed by mic robial activity; thi s is  a ccompanied by a n increase in pH tow ards 

neutrality. F looding seems to have t ransformed Cd and Zn f rom a  l abile f raction to 

less la bile or  immobi le ox ide f ractions. The r esults a lso s howed t hat f looding 

conditions increased the organically bound fraction of Cd and Zn by 11%. 

Lair et al. (2008) studied the distribution of Cd among different geochemical 

fractions in f loodplain soils. Geochemical f ractionation of  or iginal and metal-spiked 

soils w as c onducted. C d r emained i n w eakly bound f ractions i n s piked s oils. C d 
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spiked s oil w as de termined i n f ive f ractions w hich a re f raction A , e xchangeable or  

weakly sorbed; fraction B, sorbed or carbonate-bound; fraction C, strongly bound to 

easily reducible manganese and amorphous i ron; fraction D, very s trongly bound or 

incorporated into organic matter or other oxidizable species; fraction E, incorporated 

within resistant mine rals. The r esults of  di stribution of C d in original s oil w ere 

divided into calcareous and non- calcareous soil, which provided the following order: 

fraction B ≥ fraction C> fraction A >> fraction E ≥ fraction D and fraction A = 

fraction C >> fraction B ≥ fraction E ≥ fraction D. 
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CHAPTER III 
 

METHODOLOGY 
 

3.1 Introduction 
 

A pot  ex periment and a f ield experiment ( selected plot ex periment) were 

conducted in this research. Rice plants were collected to determine the bioavailability 

of C d. T he e ffects of  organic f ertilizer a ddition on C d di stribution between t he 

different s oil f ractions w ere de termined b y us ing a  s equential e xtraction pr ocedure. 

The initial total Cd and Zn concentrations in soil were determined. The soil properties 

like pH , O RP, a nd OM were de termined to clarify the  effects of  t he a mendment 

addition on the bioavailability. The experimental design is illustrated in Figure 3.1 

 

Pot experiment

Collect sample :
1. 2 weeks (initial stage)
2. 30 days rice (vegetative stage)
3. 90 days (panicle formation stage)
4. 120 days (maturation stage)

Field experiment
Collect sample :
1. Background
2. 2 weeks ( organic fertilizer    
    addition)
3. 30 days rice (vegetative stage)
4. 90 days (panicle formation stage)
5. 120 days (maturation stage)

Sample collection

Soil analysis Plant analysis

Sequencial 
extraction
- BCR1
- BCR2
- BCR3

Total Cd and 
Zn

Total Cd and Zn

Organic 
matter Cd and ZnChemical 

property

ORPpH

Data analysis

- ANOVA analysis: significant differences
- Compare mean  

Figure 3.1 Schematic diagram of the experimental design 
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3.2 Study sites, preparation, and sample collection 
 

3.2.1 Pot experiment 

 
1. Study sites 

The pot  experiment was performed at the Kasetsart University, Kamphaengsaen 

Campus

2. Organic fertilizer preparation 

, Nakornpatom. The experimental plot was suitable for r ice cultivation as it 

provided e nough s pace, na tural s unlight, a nd i t w as pr otected f rom r odents a nd 

insects.  

Two types of organic fertilizers were used in this study were commercial organic 

fertilizer and a s elf-prepared organic f ertilizer. The s elf-prepared organic f ertilizer 

was produced by a composting process using the mass ratio of 1000: 200: 100: 0.1 of 

plant r esiduals, a nimal manures, ur ea, a nd a m ixed c ulture i noculum ( PD1). T he 

incubation time was at least one month. The commercial organic fertilizer was made 

from composted organic waste, grinding tree, coconut filter, fruit peel, and compost at 

a volume ratio of 2: 1: 1: 1: 1, respectively. 

3. Soil preparation  

The soil used for the pot experiment was collected from the Mae Sot District, Tak 

Province. The initial Cd concentration in this soil was about 70 mg/kg. Soil from Mae 

Sot was ground, dr ied, and mixed to homogenize i t; t hen, 5 kg  of  gr inded soil was 

used for each experimental pot.  

Organic f ertilizers, 1 Mol/L KOH s olution, and a  combination of  t he o rganic 

fertilizer a nd t he KOH solution w ere a dded i nto t he pot s containing t he dr ied a nd 

grinded soil. Then, the soil was aged for approximately 2 weeks to reach equilibrium. 

The am endment ratios a dded a re s hown i n F igure 3.2. F ive r eplicates of  e ach 

treatment were performed and three rice growth stages were studied (after 30, 90, and 

120 days). After sowing the rice seedlings, the soil was submerged at a height of 2-5 

cm above the soil level.  

4. Plant preparation 
Rice s eeds w ere germinated in deionized water for 3  da ys. After germination, 

three s eedlings w ere t ransplanted i nto t he pot s a nd a fter 2 w eeks of  g rowth t he 

strongest rice plantlet was selected to obtain one plant per pot.  
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5. Sample collection 

Soil and plant samples were collected at various r ice growth stages, namely 30 

days ( vegetative s tage), 90 da ys (panicle f ormation s tage), a nd 120  da ys ( maturity 

stage). In addition to the sample collection for the three rice growth stages, soil was 

collected after K OH a nd or ganic fertilizer a ddition t o obt ain va lues f or t he 

background conditions. 

 

Experimental overview

Pot experiment Field experiment

1. Studied soil
: Contaminated soil with high concentration 
of Cd (approximately 80 mg/kg).

2. Treatments
: Control ( without any addition)
: KOH addition (1M KOH)
     - 80 mL/pot; L1
     - 240 mL/pot; L2
: Commercial Organic fertilizer addition 
     - 10 g/pot; O1-1
     - 25 g/pot; O1-2
     - 100 g/pot; O1-3
: Self-preparation Organic fertilizer  addition
     - 10 g/pot; O2
: Combination of KOH and  organic fertilizer
     - 80 mL 1M KOH and 10 g of commercial    
       organic fertilizer; O1L

1. Studied soil
: Contaminated soil with high concentration of Cd 
(more than 20 mg/kg); HC1 and HC2.
: Contaminated soil with low concentration of Cd 
(lower than 3 mg/kg); LC1 and LC2.

2. Treatments
: Control ( without any addition)
: Self-preparation Organic fertilizer  addition
     - 500 kg/Rai

 
Figure 3.2 Schematic diagram of the amendment addition ratios for different 

treatments. 

 

3.2.2 Field experiment 
 

1. Site selection 
Four experimental plots were selected in the Mae Sot District, Tak Province, for 

conducting t he f ield experiment ( compare Figure 3.3.)  T he f our s elected pl ots a re 

denoted as LC1, LC2, HC1, and HC2 throughout this study. The Cd contamination of 

the four selected plots was in the range of 0.3-70.0 mg/kg.  
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Figure 3.3 The location of the studied plots in the Mae Sot District, Tak Province. 

 

2. Organic fertilizer preparation 

The or ganic f ertilizer us ed f or t he field s tudy was self-prepared b y appl ying a 

composting process with mass ratios of 1000: 200: 100: 0.1 of plant residuals, animal 

manure, urea, and a mixed culture inoculum (PD1). 

3. Soil and plant preparation 
The soil of the experimental field plot was prepared by applying a tillage system 

in or der t o get r id of  weed. The o rganic f ertilizer w as a dded i nto t he pl ots a t a 

concentration of 500 kg /rai. The soil was ploughed for homogenization and to blend 

the added organic fertilizer; then, the soil was submerged for about 2 w eeks for soil 

aging 
4. Plant preparation 
Sprouted r ice s eed s owing w as don e a t a nother pl ot a nd 25-day-old seedlings 

were transplanted into the experimental plots. 

5. Sample collection 

Soil and plant samples were collected during various rice growth stages, namely 

30 days (vegetative stage), 90 da ys (panicle formation stage) and 120 da ys (maturity 

stage). Before and after organic fertilizer addition soil samples were collected to gain 
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information a bout t he i nitial C d c oncentration and c hanges o f t he C d distribution 

between the soil fractions.  
 

3.3  Soil analysis 
 

3.3.1 Soil property determination 

 

3.3.1.1 Soil characterization 

Soil characterization was measured at the Soil Plant and Agricultural Material 

Testing and Research Unit at the Kasetsart University, Kamphaengsaen Campus. The 

cation exchange capacity was determined using NH4OAc at pH equal to 7.0, and the 

soil texture was determined using the pipette method. 

3.3.1.2 Soil samples 

1. The pH was determined by using a pH meter. 

2. The O RP w as d etermined b y us ing a n ox idation r eduction pot ential 

meter. 

3. The  OM was determined by digesting the dried soil according to the 

Walkley-Black method by using the following procedure: 

An amount of 0.5 g soil sample is placed in a 500 mL conical flask and 10 

mL of 1 N  K 2Cr207 is added through a pipette. The soil and dichromate is mixed by 

gently swirling the flask, followed by addition of 20 mL of concentrated H2SO4

 

. The 

flask is again swirled gently to allow an ample contact between soil and reagent. The 

content of the flask is allowed to stand for 30 min, followed by dilution with 100 mL 

of w ater a nd 10 dr ops of di phenylamine i ndicator; t he s olution i s vi olet bl ue. T he 

content is titrated with 0.5 Mol/L ferrous sulfate solution; when reaching the end point 

the solution becomes green. Then, the organic carbon and organic matter in soil can 

be calculated by using the following equations.   

(1) % Organic C 

 

  

 

%Organic C =
(B− S) x M of Fe2+x 0.336

g of soil
 

 



 

 

26 

 Where; 

B = Volume of Fe2+

S = Volume of Fe

 solution used to titrate the blank [mL] 
2+

 

 solution used to titrate the sample [mL] 

(2) % Organic Matter 

  

% Organic Matter = 1.72 x % Organic C                   

  

3.3.2 Metal determination in soil samples 

The Cd and Zn concentrations in the soil samples are analyzed as fraction and 

total concentration b y us ing a  s equential extraction method and microwave assisted 

acid digestion, respectively. Distilled deionized water (18.2 MΩ) from a MilliQ water 

purification unit was used for preparing all solutions including adjustment throughout 

this study. 

3.3.2.1 BCR sequential extraction 

The s equential extraction procedure t hat w as appl ied in this s tudy is  

composed of  t hree s teps ba sed upon t he S tandards, M easurements a nd T esting 

Programme of the European Union (SM&T). The first three fractions, BCR I, II, and 

III of Cd and Zn were determined in this study. Each extraction step was performed as 

follows. 

BCR1: Exchangeable /Acid soluble fraction 

Acetic acid (0.11 Mol/L) is added at a soil:solution ratio of 1:40 and shaken 

overnight for 16 h a t room temperature (25 ± 5 °C). The extract is separated from the 

solid residue by centrifugation for 20 m in at 4800 r pm, and the supernatant liquid is 

decanted i nto a  pol yethylene c ontainer and s tored i n a  r efrigerator a t 4 °C pr ior t o 

analysis. The residues are washed with 20 m L deionized water, shaken for 5 m in on 

an end-over-end shaker and centrifuged for 20  min at 4800 r pm. The supernatant is 

decanted and stored at 4 °C.  

BCR 2: Reducible fraction 

To the residues from BCR1 (F1), 20 mL of freshly prepared hydroxylamine 

hydrochloride (0.1Mol/L) i s a dded a t a  s oil: s olution ratio of  1: 40 a nd t hen s haken 

overnight for 16 h  at room temperature (25 ± 5 °C). No delay should occur between 

the addition of the extractant solution and the beginning of the shaking. The extract is 
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separated f rom t he s olid pha se b y c entrifugation a nd de cantation a s d escribed for 

BCR1. The residues are then washed with 10 mL deionized water, shaken for 15 min 

on an end-over-end shaker and centrifuged for 20 min at 4800 rpm. The supernatant is 

decanted and stored at 4 °C. 

BCR 3: Oxidizable fraction 

To the residues from BCR 2 (F2), 8.8 Mol/L hydrogen peroxide is added at 

a soil:solution ratio of 1:10 and then shaken for 1 h a t room temperature (25 ± 5 °C) 

on an end-over-end shaker. The solution is heated up to 85 °C for 1 h. The extraction 

is repeated by using the same procedure. Then, the samples are shaken for 16 h at 350 

rpm at  r oom t emperature. The ex tract i s s eparated from t he s olid phase b y 

centrifugation a nd de cantation a s de scribed f or BCR1. The s upernatant is de canted 

and stored at 4 °C (Tokalioglu et al., 2003). 

3.3.2.2 Total concentration 

The C d and Zn concentrations w ere d etermined b y us ing t he m icrowave 

assisted di gestion m ethod. A n a mount of  0.6 g dried s oil w as given i nto a  P TFE 

vessel a nd 1 4.5 m L of  aqua r egia s olution w as a dded (enhanced f rom microwave 

digestion a pplication no te m anual). A qua r egia s olution w as pr epared b y m ixing 

hydrochloric acid and nitric acid at a ratio of 3:1. This procedure was performed at a 

high pr essure a nd t emperature. T he r ecommended t emperature w as obt ained i n t wo 

steps: the raising temperature, the temperature increases from room temperature until 

it reaches 200 °C  within 10 m in; and the holding temperature, the temperature holds 

at 200 °C  throughout digestion for 20 min. After that the samples were cooled down 

and filtered by using a Whatman No. 41 f ilter paper. The volume was adjusted to 50 

mL with deionized water. Total Cd and Zn concentration were measured by GFAAS 

and FAAS.   

3.3.2.3 Plant samples 

Plant samples were digested by using the wet ashing method by weighing 

0.75 g of the ground plant sample into a  250 m L beaker and digest it with a  s trong 

oxidizing agent (12 mL concentrated HNO3 and 3 m L 30% H 2O2, adapted from the 

AOAC 999.10 m ethod). The samples were covered by a watch glass for acid vapor 

recirculation, gently s wirled, a nd h eated on  a  hot  pl ate unt il t he br own f ume 

disappeared. The samples w ere t aken of f t he hot  pl ate t o c ool dow n, t hen; 2 -3 mL 

30% H 2O2 were a dded a nd he ated unt il t he s olution w as c lear w ithout f ume 
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formation. The samples were f iltered b y us ing a  W hatman No. 41  f ilter paper. The 

volume was a djusted b y de ionized w ater. T he t otal C d a nd Z n concentration w ere 

measured by using a GFAAS or FAAS. 

 

3.4 Quality control 
For qua lity cont rol, analytical bl anks and certified reference material (CRM) 

with known concentrations of elements were analyzed using the same procedures and 

reagents as for the samples. To validate the method, the accuracy of the total digestion 

procedure for determining m etals in the ex tracts was compared to the results of  the 

CRM 025-050 (RTC) Lot No: JG025, Product of Resource Technology Corporation 

(RTC), USA. The C RM s oil i s m oderately contaminated s oil obt ained f rom t he 

Western United States (Matúš et al., 2005). All samples and reference materials were 

performed in triplicates for total acid digestion. LOD and LOQ for the GFAAS was 

found to be 1.64 and 4.18 µg/L, respectively,  

 

3.5 Analytical instruments 
Total di gestion w as pe rformed b y a  m icrowave-assisted method using a  

Microwave D igestion a nd E xtraction S ystem, Milestone, m odel E THOS P RO t o 

digest the  s oil s amples. T he me tal content of  t he f ractions obt ained b y the B CR 

sequential extraction procedure and total metal content in the filtered solution were 

analyzed by a FAAS, Analytik Jena, model ZEE nit 700 and a GFAAS, Perkin Elmer, 

model AAnalyst 800.  

 

3.6 Data analysis  

Analysis of variance was performed using a S tatistical Package for the Social 

Sciences (SPSS) pr ogram. Mean s eparations were com pared using analysis of  

variance (ANOVA) with significant level of P < 0.05 and the Duncan’s New Multiple 

Range Test (DMRT) with contrast to test the difference of the total concentration of 

Cd and Zn in soils and rice grain. The Duncan’s New Multiple Range Tests was used  

to pair wise compare the mean values. 
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CHAPTER IV 

RESULTS AND DISCUSSIONS 
 

4.1 Pot experiment 

  

Pot experiments were designed in order to evaluate the effect of lime, organic 

fertilizer, and mix of lime and organic fertilizer addition into contaminated soil.  The 

concern effects in this study are on rice growth and Cd uptake to rice.   

Treatments were classified into two cases; t he f irst one  w as a ddition of  

potassium h ydroxide a s liming  ma terial ( L), t he s econd one  w as a nd or ganic 

fertilizers a nd the third one  w as t he combination of  or ganic f ertilizer and liming 

material ( O1L).  In t his s tudy t wo t ypes of  organic f ertilizer; O 1 a nd O2 obt ained 

from different sources. The detail will be described below.  The third treatment case, 

O1 was used for mixing.   

 

 
 

Figure 4.1 House surrounding for growing rice plant at Kasetsart University, 

Kamphaengsan Campus 
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4.1.1 Soil and organic fertilizer characteristics 

 

1) Soil characteristics 

 The properties of studied soil for pot experiment were shown in Table 4.1. All 

of these properties are considered as a factor to influence to heavy metal mobilization. 

Clay, high S OM and hi gh CEC is  int roduced to  immobi lize the  tox ic heavy me tal. 

Heavy metal can be precipitated in basic pH. Treatment addition is mainly classified 

into two cases for studying the effect of potassium hydroxide as liming material (L) 

and organic fertilizer (O1). The combination of organic fertilizer and liming material 

(O1L) a nd a nother t ype of  or ganic f ertilizer ( O2) w as s tudied t o know  m ore 

understanding on f easibility of  r elated opt ional approach. The s pecific f unctional 

group on s urface of  o rganic m atter, f ulvic s ubstances a nd hum ic s ubstances m ay 

affect to binding w ith metal (Yong, 2002 a nd E ssington, 2003) . CEC i s a cr ucial 

property that indicates to ability of exchanging the cation, especially, the heavy metal. 

The initial concentration of heavy metal in soil also influences bioavailability. 

 

Table 4.1 Soil properties and characteristics used for pot experiment 

pH 

1:1H2

SOM

O (%) 

a CEC

(meq/100g) 

b Soil texturec
Total Cd : Loam 

(mg/kg) 

Total Zn 

(mg/kg) %Clay %Silt %Sand 

7.51 5.42 18.66 13.63 47.90 38.47 81.89 3307.27 

a SOM: Soil organic matter (Walkley and Black method); b CEC: Cation exchange 

capacity (NH4OAc, pH 7.0); c

 

Soil texture (Pipette method) 

The studied soil is regarded as basic pH, high SOM and moderately high CEC 

following the  s oil chemistry analysis int erpretation manual, Sector of  s oil, compost 

and application testing, Kasetsart University. 

2) Organic fertilizer characteristic 

The i ndividual or ganic fertilizer cha racters of  tw o organic f ertilizers w ere 

exhibited i n Table 4.2.  Cd concentration found in O1 i s higher t han O2 about two 

times due to difference sources. O1 was produced by organic wastes from Nonthaburi 

Municipality w hich obt ained f rom f resh m arket. In addition, t hose or ganic w astes 

may collect without s eparation the s mall me tal s craps, the reby, increasing Zn 

concentration in O1. However, O2 was prepared by agricultural wastes such as leave, 
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branch and bark including cow manure which collected in uncontaminated area, the 

lower Cd c oncentration found i n O 2 may indicate tha t C d presence in na tural raw 

material f or c ompost w as r elatively lo w content. S OM of  O 1 t hat found i n hi gher 

amount could be that variety of organic waste providing varied organic carbon which 

contained in compost or organic fertilizer. 

 

Table 4.2 The individual characters of two organic fertilizers that used for pot 

experiment. 

 Total Cd 

(mg/kg) 

Total Zn 

(mg/kg) 

SOM 

(%) 

Organic fertilizer1 (O1) 0.302 83.953 32.584 

Organic ferilizer2 (O2) 0.137 56.253 27.709 

 

4.1.2 pH and Oxidation reduction potential (ORP) in soil 

 pH and ORP are known to be two important factors affecting mobilization of 

metals in soil (Ref).  So, in this study both pH and ORP of the soil were measured at 

all stages of sample collections. 

 

1) pH 

pH is one of  the important factor that affect to available nutrients and heavy 

metals, therefore, the relevance of  this importance is concerned about plant survival 

and toxicology. pH is not also important to plant but also to microbe by effecting to 

microbial activities which specify the degradation of organic matter in soil. Moreover, 

physical and chemical soil property may change due to increasing and decreasing of  

pH. 

Soil pH was shown in Table 4.3. O rganic fertilizer was added into soil with 

different a mounts; 10 g/pot ( O1-1), 25 g/pot ( O1-2) a nd 100 g/pot ( O1-3). After 2 

weeks a fter treatment addition t wo w eeks f or ageing t he s tudied s oil ( IS), only 

treatment w ith lime L-2 a nd mixed lime and organic f ertilizer f ound s ignificantly 

different f rom c ontrol.. This r eason m ay b e due  t o t he f act t hat bu ffering c apacity 

plays role to control pH of soil. As a consequent, L-1 which KOH was added less than 

L-2, Soil pH was found insignificantly different much with organic fertilizer addition 

as well as control. After rice plant grew up about one month (VG), soil pH was likely 
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to reduce both in treatment addition pots and control pot except for L-2 that pH still 

was significantly higher than other treatments.  

 

Table 4.3 Soil pH of all stages of rice plant growth 

 Initial stages (IS) Vegetative stage 

(VG) 

Panicle formation 

stage (PF) 

Maturity stage 

(MT) 

Control 7.51 ±  0.17 ab 7.28 ±  0.27a 7.13 ±  0.23 ab 7.27 ±  0.33 cd 

L-1 7.73 ±  0.21 7.44 ±  0.11b 7.52 ±  0.11 a 7.27 ±  0.12 c  cd 

L-2 8.33 ±  0.21 c 7.83 ±  0.15 b 7.74 ±  0.13 d 7.64 ±  0.11

O1-1 

 d 

7.58 ±  0.37 7.30 ±  0.28b 7.04 ±  0.08 a 6.69 ±  0.18 a  a 

O1-2 7.20 ±  0.10 a 7.19 ±  0.45 a 7.09 ±  0.16 a 6.77 ±  0.11

O1-3 

 ab 

7.55 ±  0.29 7.39 ±  0.29 b 7.32 ±  0.08 a 7.07 ±  0.55 b  bc 

O1L 8.10 ±  0.27 c 7.39 ±  0.15 a 7.52 ±  0.17 c 7.36 ±  0.18

O2 

 cd 

7.57 ±  0.23 7.15 ±  0.22 b 7.21 ±  0.16 a 7.39 ±  0.14 ab  cd 

Numbers followed by the same letter in each column are not significantly 

different at P < 0.05 by DMRT. 

 

 
 

Figure 4.2 Rice plant grew up in liming material addition compare with organic 

fertilizer addition 

 

In the VG s tage, t he r ice pl ant s howed t he dw arfish s ymptom as s hown i n 

Figure 4.2  or the rice plant grew up in liming material addition and combination of  

organic f ertilizer.  F inally t hey w ere not able t o survive to t he t hird s tage of  t he 

experiment.  T his m ay be due  t o lack of nutrients f or t heir g rowth s ince m ost of  
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micronutrient essential for plant may precipitate with hydroxide ion. Hydroxide ion is 

classified as hard base that has more affinity to interact with hard acids following the 

principle of hard and soft acids and bases which are Na+, K+, Be2+, Mg2+, Ca2+, Fe3+ 

and Al3+

The decreasing of  soil pH in VG, PF and MT may result f rom suitable t ime 

period of ageing, root exudates, flooding, microbial activity, respiration of rice plant 

and neutralization by CO

 (Sparks, 1995).  Besides lacking of nutrient for growth, the plant may also be 

severe from Cd toxicity.  This can be observed from the dwarf symptom as mentioned 

in the first stage of planting. 

2 in air. In soil with high pH, Root can release hydrogen ion 

or or ganic a cids t o c ontribute s ome pr oportion of  r hizosphere a cidification. 

Submerged s oil l eads t o i nduce a noxic c ondition i n pot ; c onsequently, a naerobic 

microbes m ay b e e nhanced t o pr omote gr owth. O rganic a cids w ere produced i n 

acidogenesis stage (Mey and Roger, 2001). Furthermore, CO2 gas from respiration by 

plant root and microbe including CO2 in air may dissolve in upper water and become 

weak acid, carbonic acid (H2CO3

 

). As this result, soil pH may slightly decrease along 

the experiment. 

2) Redox potential 

Redox po tential or  E h o f e ach s tage w as s hown i n T able 4. 4. F or IS stage, 

most of Eh was in positive range referring to low oxidizing state. This resulted from 

the fact that soil started to be submerged during the first 2 weeks of seedling. Later on 

water was added more t o the pot  to a llow soil to be  submerged a t certain level and 

hence Eh was slightly decreased in the VG and PF stages.  

 

Table 4.4 Oxidation-reduction potential (mV) of all stages of rice plant growth 

 Initial stages (IS) Vegetative stage 

(VG) 

Panicle formation 

stage (PF) 

Maturity stage 

(MT) 

Control 103.94 ± 72.37 b -85.82 ± 43.47a -172.50 ± 0.42cd -128.54 ± 50.25ab 

L-1 13.86 ± 74.77 -166.90 ± 63.14  b -233.68 ± 24.98a -224.24 ± 4.92abc a 

L-2 -140.10 ± 76.01 a -247.38 ± 5.03 a -279.10 ± 7.99a -240.74 ± 4.27

O1-1 

a 

124.78 ± 1.82 -416.42 ± 198.85 b -178.04 ± 13.97 a 2.74 ± 127.96cd b 

O1-2 150.58 ± 43.71 b -135.72 ± 12.29 a -157.74 ± 61.41d -91.92 ± 66.45a

O1-3 

b 

107.76 ± 1.30 -118.06 ± 19.54 b -211.12 ± 6.52 a -118.78 ± 227.74bcd ab 

O1L 37.74 ± 157.64 b -172.74 ± 43.39 a -240.10 ± 10.32ab -215.82 ± 0.58

O2 

a 

65.82 ± 37.89 -172.02 ± 0.37 b -202.84 ± 28.40 a -140.06 ± 112.47bcd ab 
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 For the MT stage which the p anicle already came out , Eh t urned t o be 

increased again because water was not added and gradually evaporated. Spoto (1981) 

defined the r edox z ones b y Eh values in soil, for ins tance, Eh <  120  m V i s anoxic 

zone. Furthermore, Spoto defined that at pH7; oxidized soil (Eh > 414), moderately 

reduced soils (120 < Eh < 414), reduced soils (-120 < Eh < 120) and highly reduced 

soils (Eh < -120). 

 

4.1.3 Soil organic matter 

 SOM content (%)was found to be increased when organic fertilizer was added 

in higher amount in IS stage (see Table 4.5).  The after one month of the plant growth, 

the s oil or ganic ma tter tended to s lightly d rop. In the n ext s tage of  P F a lmost 

experimental pot s, except O1-1 and O2 showed an increased of  SOM a gain.  F rom 

observation, e utrophication of  a lgae was s een i n pot  e xperiment a nd t his may b e a 

reason of SOM increasing in the PF stage.  

 

Table 4.5 Soil organic matter (%) of all stages of rice plant growth 

 Initial stages (IS) Vegetative stage 

(VG) 

Panicle formation 

stage (PF) 

Maturity stage 

(MT) 

Control 5.42 ± 0.18 ab 5.33 ± 0.19 ab 5.60 ± 0.17 ab 5.27 ± 0.29 ns 

O1-1 5.54 ± 0.20 5.32 ± 0.08 ab 5.18 ± 0.07 ab 5.09 ± 0.22 a ns 

O1-2 5.60 ± 0.13 ab 5.16 ± 0.03 a 5.43 ± 0.14 ab 5.11 ± 0.63 

O1-3 

ns 

5.74 ± 0.19 5.47 ± 0.19 b 5.92 ± 0.12 b 5.44 ± 0.69 b ns 

O1L 5.31 ± 0.25 a 5.11 ± 0.01 a 5.78 ± 0.56 b 5.22 ± 0.06 

O2 

ns 

5.47 ± 0.22 5.55 ± 0.07 ab 5.58 ± 0.19 b 5.31 ± 0.58 ab ns 

ns; no significance at P < 0.05 by DMRT. 

 The limita tion of thi s s tudy w as that pot  s amples f rom e ach s tage w ere 

sacrificed.  T herefore, high variation may be  o ccurred eve n in the s ame t reatment.  

Soil for SOM analysis was air dried to prevent lost of low molecular organic matter, 

thus, SOM may be fluctuated. For the MT stage, SOM had a trend to fall down finally 

which this reduction of SOM in paddy field was the same as result of Leaungvutiviroj 

et. at. (2005 in Thai). 
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4.1.4 Cd and Zn in Soil 

 

4.1.4.1 Total concentration in soil 

From Figure 4.3 and 4.4, Cd and Zn concentration in the IS and the MT stages 

were the representation of initial and final concentration during the experiment.  

 

a 
 

 

b 

 
Figure 4.3 Cd (a) a nd Z n (b) concentration ( mg/kg) of  or ganic f ertilization 

addition stage and maturation stage 

 

Comparison of  C d a nd Z n c oncentration of  e ach o ther i n each stage also 

showed t he f luctuation i n t he s ame r ange. However, t his e xperiment s howed 

increasing of Cd and Zn concentration in the MT stage; paired t-test analysis indicated 

that concentrations of both were not significantly different at P < 0.05. The increasing 

of C d c oncentration i s be lieved f rom t he c ause t hat S OM de gradation i n a noxic 
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condition and hence reduced the soil mass in the experimental pots, thus, Cd and Zn 

concentration consequently increased. 

 

4.1.4.2 Fraction in soil 

Cd and Zn in soil were determined into fractions to estimate available forms 

which affect on uptake and a ccumulate i n pl ants. In t his s tudy, only t hree f raction 

namely; the acid soluble and exchangeable (F1), reducible (F2) and ox idizable (F3) 

fractions w ere i nvestigated in or der to evaluate the cha nge of   each fraction after 

potassium h ydroxide a nd or ganic f ertilizer a ddition in each  growth stages of  r ice 

planting. F1 a nd F2 a re considered t o be  m ore easily uptake by pl ants. A s a  

consequence, these fractions are major concerns to the environment. F3 is form of an 

element may absorb on the surface of organic matter. Residual fraction state is likely 

stable and will not  be  released i nto t he e nvironment (Song Fei et a l., 1996 a nd 

Yunhong et al., 1995). Due to this reason, the residual fraction is not included in this 

study and F1, F2 and F3 were emphasized on availability of Cd and Zn. 

 

1) Cd fraction in soil  

As me ntioned earlier tha t the  r esidual f raction is relatively stable, t herefore 

only fi rst three f ractions; F 1, F 2, a nd F 3 w ill be  e valuated as pe rcentage of  C d 

proportion in or der to compare t he ch ange of  each fractions be tween different 

treatments. As s hown in Figure 4.4 , F1 w as d ominant f raction while F3 w as t he 

lowest pr oportion among t hese t hree f ractions. The o rder of  pot ential t o be  

bioavailable f raction i s F 1 >  F 2 > F 3.  This m eans t hat C d i n F 3 f raction c an be  

considered the lowest mobilization.  

 

Table 4.6 Cd c oncentration ( mg/kg) of  ox idizable f raction a fter organic f ertilizer 

addition 

 Cd concentration (mg/kg) in F3 

Initial stage 

(2 weeks 

after 

treatment) 

Control O1-1 O1-2 O1-3 O2 

0.793±0.062 0.734±0.115a 0.811±0.051a 0.933±0.049a 0.902±0.040b b 
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The organic fertilizer addition of  O1 scheme in IS stage (Figure 4.4a) found 

that F3 of O1-3 significantly increased as shown in Table 4.6. An increase of F3 was 

also found f or t he t reatment b y O 2 w hich i ndicated t hat di fferent t ype of  or ganic 

fertilizer influenced to ability of metal organic bound. 

 

a

 

b 

 
c

 

d

 
Figure 4.4 The percentage of Cd proportion in all of growth stages; a initial 

stage, b vegetative stage, c panicle formation stage and d maturation stage. 

 

To consider in each stage of sampling, for the initial stage F1 of O1-2 and O2-

3 significantly decreased when addition of  organic fertilizer increased (Figure 4.4a). 

On the other hand, F2 was found reversed trend which probably can be assumed that 

F1 alter to F2 when organic matter of the soil increased. The same trend was found 

for t he V G s tage ( Figure 4.4b) . T he r esult of  O1L and O 2 i ndicated that using 
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different type of organic fertilizer and integrated with liming material also affected to 

different proportion. In the PF stages, the s imilar t rend was found for the t reatment 

O1, how ever f or O 1L and O 2 ( which or ganic f ertilizer a dding t he s ame a mount a s 

O1-1, 10 g/pot) show similar result with O1-1 (Figure 4.4c and 4.4d).   

For ove rall r esult of  pr oportion of  C d f raction, i t c an be  concluded t hat the 

trend is similar in all stages for the treatment O1-1, O1-2, O1-3, O2 and OL1.  Even 

though F3 i s e xpected to be i ncreased, onl y t iny change can  be  obs erved.  T he C d 

proportion had the similar trend in all stages.  

 

a 

 

b 

 
c 

 

d 

 
Figure 4.5 Cd concentrations of F1, F2 and total Cd with KOH addition in all of 

growth stages; a initial stage, b vegetative stage, c panicle formation stage and d 

maturation stage. 
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For liming treatment, as mentioned earlier soil pH of L1 and L2 were 7.73 and 

8.33, r espectively in the ini tial s tage.  However, onc e t he pe riod of  pl anting was 

getting longer to VG, PF and MT stages, soil pH of both L1 and L2 were reduced to 

be in the range of 7.27 t o 7.83 ( see Table 4.3) Figure 4.5a showed that for the initial 

stage t he hi gher t he KOH a ddition, t he l ower t he F1 fraction. Unlike t he or ganic 

fertilizer treatment, F2 in these cases was found s ignificantly reduced for both l ime 

and mixing of lime and organic fertilizer treatments as compared to the control. In the 

VG and the PF s tages (Figure 4.5b a nd 4.5c)- even though r ice was died before the 

VG stage. F1and F2 of L1 and L2 appeared to be insignificantly difference due to the 

reduction of  s oil pH  ( Table 4.3) .  However, i f compared t he F 1+F2, i t w as qui te 

obviously that F1+F2 of L1 was higher than those of L2.  This is corresponded to the 

study of H ong et a l. ( 2007), F ernandes et a l. ( 1999) a nd B rallier et a l. ( 1996) on 

Ca(OH)2 application to soil by decreased F1+F2 with higher Ca(OH)2

 

 addition.  
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2) Zn fraction in soil 

Zn f raction is generally di fferent t han C d fraction i n which F 2 w as more 

prominent than F1 approximately 2 times (Figure 4.6). Addition of organic fertilizer 

seems to change fractionation among these 3 fractions by reducing F2 and increasing 

F1 and F3 in the initial stage (Figure 4.6a) However, for the VG, PF and MT stages, 

F3 was likely stable while F1 and F2 were fluctuation.  

 

a

 

b 

 

 c 

 

d 

 
Figure 4.6 The percentage of Zn proportion in all of growth stages; a initial 

stage, b vegetative stage, c panicle formation stage and d maturation stage. 

 

For KOH addition, Zn in F1fraction showed obviously decreasing in the initial 

stagefor a ll tr eatment r elated to KOH a ddition (Figure 4.7a ). As plant r oots in 

rhizosphere zone is able to excrete enzyme, inorganic ion and organic acid (Dakora 

and P hillips, 2002)  t hat m ay reduce pH , t hus i n f urther s tages p H i s r educed and 
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hence Zn c oncentration in F 1 was m aintained as s hown i n F igure 4.7b. Thereafter, 

once the rice plant died in PF and  MT s tages (Figure 4.7c and 4.7d), assuming that 

enzyme, inorganic ion and organic acids identified in root exudates of rice roots were 

no longer released, F1of L1, L2 and OL1 tended to decrease again. 

 

a

 

b

 

c

 

d 

 
Figure 4.7 Zn concentrations of F1, F2 and total Zn with KOH addition in all of 

growth stages; a initial stage, b vegetative stage, c panicle formation stage and   

d maturation stage. 
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4.1.5 Rice plant of dried mass 

 

Before analysis of  Cd a nd Zn in pl ant, a ll pa rts were dr ied according to t he 

method mentioned in Chapter 3. B esides being part of the method in preparation for 

the m etal ana lysis, dried m ass can also indirect indicate the  a ffect of  tr eatment on  

growth of rice as well.  Dry mass of plant was shown in Table 4.7. Root part exhibited 

in the lowest mass as expected, while stem was the main part of rice yield the highest 

dried mass for all condition.  Mass of all parts of rice plant was likely to increase by 

organic fertilizer (O1) addition as compared to the control, except the O1-1.  For rice 

grain, the higher organic fertilizer addition, the higher yield was obtained.   However, 

in  this experimental pot, there was only one plant for one replicate, therefore, it is not 

properly t o i ndicate t he pr oductivity o r e ffect on pl ant g rowth f rom t his pot  

experiment. For the MT stage, mass portion of root: leave: grain was approximately 

1:5:2 which refer that the overall mass (more than 60%) was straw which can utilize it 

as raw material to produce the compost or organic fertilizer for using in further crop.  

 

Table 4.7 Dried mass of root, stem, panicle and grain in all stages 

Plant parts 
Dried mass ( g/plant) 

VG PF MT 

C-R 0.41  ±  0.47 2.28  ±  1.27 1.96  ±  0.87 

O1-1-R 0.94  ±  0.72 0.56  ±  0.70 1.92  ±  0.93 

O1-2-R 0.90  ±  0.64 2.34  ±  1.37 2.22  ±  1.07 

O1-3-R 1.50  ±  0.64 3.97  ±  4.62 2.48  ±  1.73 

O2-R 0.42  ±  0.28 1.48  ±  0.64 2.20  ±  1.59 

C -T 1.79  ±  2.30 11.54  ±  4.80 12.36  ±  7.62 

O1-1 -T 2.36  ±  0.95 5.48  ±  6.48 9.34  ±  6.33 

O1-2 -T 3.32  ±  2.00 13.68  ±  7.44 8.16  ±  5.18 

O1-3 -T 5.5  ±  1.97 11.93  ±  7.59 10.24  ±  3.75 

O2-T 1.24  ±  0.89 3.53  ±  1.70 8.54  ±  6.18 

C -P/ -G  2.3  ±  0.96 4.66  ±  2.69 

O1-1 -P/ -G  1.17  ±  1.50 4.06  ±  2.23 

O1-2 -P/ -G  3.30  ±  2.89 4.42  ±  2.98 

O1-3 -P/ -G  2.15  ±  2.86 5.70  ±  3.36 

O2-P/ -G  1.00  ±  1.13 5.00  ±  6.03 
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4.1.6 Cd and Zn in rice plant 

 In t his pa rt, C d a nd Z n upt ake t o rice pl ant w ill be  pr esent only at t he 

maturation stage ( MT) i n order t o evaluate t he ef fect of  t reatment in term of  

concentration as well as total accumulation in the plant.  Moreover, dry mass for each 

stage of  rice will be  compared to evaluate the effect on rice growth.  S ince the r ice 

plant was died out in the experimental pots of lime adding, the result discussed here is 

only from organic fertilizer treatment. 

 

4.1.6.1 Cd concentration in different part of rice plant 

Most of  pl ants ha ve t heir m echanism to accumulate me tal in different part 

after upt ake f rom soil. Root is  the  f irst part tha t contact di rectly to  soil, so in most 

plant heavy metal ( toxic ones) are found more concentrated in root than other parts 

(Kashem and Singh, 2001).  T he result f rom this present s tudy also found the same 

case that root show the highest concentration as compared to s tem and grain for a ll 

treatment i ncluding t he c ontrol ( Figure 4.8) . The order of C d accumulation as 

concentration in plant parts were found; root > stem > grain. Even though average Cd 

concentration in grain from organic fertilizer addition (O1-1 and O1-2) found slightly 

lower than the control and the lowest Cd concentration was found in grain from the 

treatment O1-2 at 0.26 7 m g/kg, due  t o hi gh de viation of t he result, t here i s 

insignificantly di fferent among t reatment and control and a ll of  Cd concentration in 

rice grain here exceed the Codex standard at 0.2 mg/kg.   

 

 
Figure 4.8 Cd concentration in rice plant parts and whole plant 
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However, it should be noted here that the initial concentration of Cd was very 

high up t o 80 m g/kg as compared to previous work; most of  their Cd contaminated 

soils ha ve C d l ess t han 10 m g/kg (Hong e t. a l., 2006 a nd B oland e t. al., 2003b) .  

Consequently, e ven t hough or ganic fertilizer m ay r educed C d i n F 1 f raction  (as 

shown in Figure 4.4), Cd concentration of F1 was still very high ( > 60 mg/kg) and in 

the l imit space of  e xperimental pot , a n oppor tunity o f a vailable C d t o c ontact w ith 

root is much more than in the field.  H ence, reduction of Cd in grain may not be as 

expected.  

4.1.6.2 Zn concentration in different part of rice plant 

From F igure 4.9, Z n uptake was found m uch higher c oncentration than C d 

which can be ascribed that Zn is a micronutrient needed for plant growth. Similarly to 

Cd, Zn concentration was accum ulated in t he or der of  root > stem > grain, 

respectively. N o such s ignificant r eduction was s een for Zn b y or ganic f ertilizer 

addition, even though, all four treatments found lower Zn concentration in leave and 

stem tha n those of  t he control. O2 The lowest Z n c oncentration was f ound i n t he 

treatment O 2 at 28,439 m g/kg. In s urplus Zn c oncentration, F1 a nd F2 s howed t he 

content that was sufficient for plant growth. 

 

 

Figure 4.9 Zn concentration in rice plant parts and whole plant 

 

 

 

 



 

 

45 

a 

 

b 

 
Figure 4.10 Accumulated Cd (a) and Zn (b) mass per whole plant 

 

Cd was found lower concentration than Zn, however, the m ass of  pl ant pa rt 

was equal. Therefore, Accumulated Cd and Zn mass in rice plant can be estimated the 

ability of Cd and Zn uptake by rice with different rate. For Figure 4.10a, Cd can be 

translocated t o 1whole r ice pl ant ( root, s tem a nd grain) b y 0.015 mg average 

accumulated Cd mass (of all level of treatment in the MT stage). Figure 4.10b showed 

that Zn can be  t ranslocated to 1 w hole rice pl ant ( root, s tem and grain) by average 

mass ( MT s tage) of  3.4 57 m g, respectively. Average Zn m ass was found i n higher 

amount than Cd approximately 230 times. 

 
Figure 4.11 Zn/Cd ratio of accumulation in soil and whole plant for the control and 

the treatments 
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Figure 4.11 show the ratio of Zn/Cd uptake to rice from the experimental pot 

to those in soil.  It is interesting that ratio of Zn/Cd in rice of all treatments including 

control are much higher than the ratio of  total concentration of  Zn to Cd in the soil 

Moreover, the higher organic fertilizer addition, the higher ratio of Zn/Cd was found 

in rice.    T his result is confirmed the affect of organic fertilizer on Cd and Zn uptake 

even though the mechanism lead to result is still not yet understood.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

47 

4.2 Field experiment 
 

4.2.1 Soil and organic fertilizer characteristics 

For field experiment, the self-preparing organic fertilizer was applied to four 

studied f ields w ith a ddition r ate of  500 k g/rai (referred t o around 10 g/5 kg  s oil i n 

experimental pot . These f our di fferent pa ddy f ields r epresented t he t wo C d 

contaminated s oils i n l ow C d c oncentration ( LC1 a nd LC2) and t he t wo hi gh C d 

concentration soils (HC1 and HC2). Each f ield was divided to two plots for control 

(C) a nd or ganic f ertilizer a ddition ( OA). Soil s amples w ere c ollected f or 5 pe riods 

namely; pr ior t o or ganic f ertilizer a ddition or  background ( BG), or ganic f ertilizer 

addition ( OA), ve getative gr owth s tage (VG), pa nicle f ormation s tage ( PF) and 

maturity stage, respectively. 

1) Soil characteristic 

Soil properties and characteristics were showed in Table 4.8. According to the 

soil chemistry analysis interpretation manual, Sector of soil, compost and application 

testing, Kasetsart University. Soil pH of LC1 and LC2 are considered slightly acidic 

(6.1-6.5) and ne utral p H ( 6.6-7.3), r espectively whereas t he s oil f rom H C ar eas 

showed slightly basic with pH in the range of 7.4-7.8. SOM and soil texture indicated 

that soil in these studied fields were fertile and suitable for cultivation. 

 

Table 4.8 Soil properties and characteristics used for field experiment 

 LC1 LC2 HC1 HC2 

pH 1:1H2O 6.42 6.69 7.50 7.62 

SOM (%) 4.05 5.21 4.62 5.32 

CEC 

(meq/100g) 
15.99 21.64 13.02 14.11 

Soil texture Loam Silty clay loam Loam Loam 

-   %Clay 27.44 36.99 24.84 13.63 

-   %Silt 47.63 47.87 42.13 47.90 

-   %Sand 24.93 15.14 33.03 38.47 

Total Cd  

(mg/kg) 
0.32±0.15 3.97±3.95 9.35±7.76 47.03±29.67 

Total Zn 

(mg/kg) 
107.02±25.21 125.32±103.04 264.41±82.27 1936.43±1439.56 

 



 

 

48 

For each studied filed site, the area was divided into two plots for control and 

treatment and 5 sampling sites for soil and plant were collected from each plot.  Total 

concentration of Cd and Zn shown in Table 4.8 a re the range from 10 sampling sites 

from the control and treatment plots. The filed site contained Cd contaminated in soil 

lower t han 10 m g/kg w as de fined a s l ow c ontamination s ite ( LC) w hile t he s ites 

contained C d contamination 10 m g/kg was d efined hi gh c ontamination sites ( HC), 

respectively. 

2) Organic fertilizer characteristic 

 The organic fertilizer used in the field study is the same as the one used for pot 

experiment named as “O2”.  Its characteristics are as shown in Table 4.2 in 4.1.1.   

 

4.2.2 pH and ORP in soil 

1) pH 

 Soil pH changes of each stage were shown in Table 4.9. All soil from low Cd 

concentration sites ( LC1 and LC2) w as s lightly acidic pH  w hile s oil f rom hi gh C d 

concentration s ites ( HC1 a nd H C2) w as ne utral t o s lightly ba sic pH . A fter or ganic 

fertilizer w as a dded into treatment pl ots, soil pH  in the O A s tage w as in creased in 

cases of LC1 and LC2 while reduced in the cases of HC1 and HC2. So, soil pH of all 

sites was likely to approach to neutral pH.   

 

Table 4.9 Soil pH of all stages of rice plant growth for field experiment 

 pH 

 BG OA VG PF MT 

LC1-C 6.29 ± 0.23 6.62 ± 0.12 6.53 ± 0.12 6.20 ± 0.33 6.10 ± 0.38 

LC1-O 6.55 ± 0.13 6.67 ± 0.20 6.59 ± 0.10 6.53 ± 0.18 6.29 ± 0.26 

LC2-C 6.92 ± 0.68 6.81 ± 0.35 6.72 ± 0.04 6.55 ± 0.21 5.67 ± 0.43 

LC2-O 6.46 ± 0.30 6.30 ± 0.13 6.69 ± 0.03 6.20 ± 0.33 5.34 ± 0.30 

HC1-C 7.50 ± 0.09 7.38 ± 0.54 6.97 ± 0.05 7.01 ± 0.05 7.50 ± 0.10 

HC1-O 7.50 ± 0.22 7.35 ± 0.10 6.98 ± 0.10 7.12 ± 0.09 7.49 ± 0.07 

HC2-C 7.64 ± 0.08 7.22 ± 0.08 6.98 ± 0.07 7.16 ± 0.09 7.44 ± 0.13 

HC2-O 7.59 ± 0.21 7.28 ± 0.17 6.92 ± 0.06 7.10 ± 0.05 6.92 ± 0.17 

  

This indirectly indicates that organic fertilizer may perform as pH buffering. 

In addition, water was irrigated to flood the field after organic fertilizer addition, thus, 

ion related t o change soil pH  such as H + and O H- were led to reach equilibrium in 
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soil-soil s olution pha se. For t he V G s tage, s oil pH f rom t he H C1 a nd HC2 f urther 

increased to n eutral and t iny change for t he soil f rom LC1 and LC2.  T his may be 

because of submerged soil introducing anoxic condition which organic acid generated 

by a naerobic m icroorganism. In t he P F s tage, pH w as r elatively a t ne utral f or a ll 

cases.  At the MT stage, in LC1 and LC2, soil pH became slightly acid while those of 

HC sites were neutral to slightly basic.  

 

2) ORP or Eh 

The fate and behavior of numerous elements in the soil environment are either 

directly or  i ndirectly i nfluenced b y chemical r eactions i nvolving t he transfer o f 

electrons. T he ox idation-reduction ( redox) s tatus of  a n e lement i s a  f unction of  t he 

abundance of  el ectrons in a s ystem. In a general s ense, s ystems t hat are r ich in 

electrons are termed reduced, while those that are depleted in electrons are oxidized 

(Essington, 2003). The most important change upon submerging a soil is a decrease in 

oxygen partial pr essure, w hich a ccompanies a  lowering of  r edox pot ential ( Eh), 

reduction of chemical species [O2 → H2O, NO3
– → N2, Mn(IV) → Mn(II), Fe(III) → 

Fe(II), SO42–→ S2–

 

, CO2→ CH4].  Draining a paddy soil reverses most of the above 

processes: Eh rises, chemical species are oxidized, soil pH decreases, and aerobic soil 

biota recover (Kyuma, 2004). 

Table 4.10 Oxidation-reduction potential (mV) of all stages of rice plant growth for 

field experiment 

 ORP 

 BG OA VG PF MT 

LC1-C 87.80 ± 241.14 -195.46 ± 52.45 -146.62 ± 70.73 -118.16 ± 96.23 265.72 ± 131.39 

LC1-O -60.16 ± 94.64 -44.62 ± 291.41 -198.66 ± 25.75 -162.14 ± 101.97 117.92 ± 79.60 

LC2-C -15.08 ± 45.43 -160.42 ± 48.80 -221.18 ± 25.20 -226.44 ± 23.04 135.22 ± 90.92 

LC2-O 49.92 ± 117.12 -121.28 ± 49.95 -206.72 ± 14.10 -189.92 ± 79.55 242.24 ± 69.27 

HC1-C -48.44 ± 78.89 -167.14 ± 35.07 -89.96 ± 68.98 -217.94 ± 47.75 180.06 ± 43.53 

HC1-O -24.58 ± 72.27 -102.14 ± 68.85 -42.20 ± 91.12 -171.96 ± 55.66 161.86 ± 49.47 

HC2-C -54.46 ± 59.22 -155.96 ± 31.45 -21.20 ± 69.50 -103.34 ± 94.62 175.62 ± 44.26 

HC2-O -88.02 ± 53.87 -139.76 ± 72.34 -148.04 ± 28.92 -166.04 ± 79.10 166.34 ± 171.11 

 

All s tages of r ice growth indicated changes of  ORP as shown in Table 4.10. 

ORP of  t he BG s tage h ad bot h ne gative a nd po sitive va lue m ay be  t he result f rom 
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rainfall r etention by di ffer level of  tilled soil. Normally, the water was flooded into 

paddy fields until the panicle came out, therefore, the OA, the VG and the PF stages 

were subjected the reducing environment. In addition, ORP was increased in the MT 

stage which showed the oxidizing state. 

 

4.2.3 Soil organic matter 

SOM of each s tage was shown in Table 4.11. T he result shows that SOM is 

not c hanged m uch ov er the pe riods o f t he e xperiment. M oreover, t he m ature l eave 

settle dow n i n f looded pl ot a nd a naerobic de gradation oc curred r esulting t o a n 

increase of SOM in the PF and the MT stages. For the BG stage, SOM was different, 

even though, control plots and treatment plots were located adjacent.  

Table 4.11 Soil or ganic ma tter (%) of al l s tages of  r ice pl ant growth for fi eld 

experiment 

 SOM (%) 

 BG OA VG PF MT 

LC1-C 3.86 ± 0.32 4.20 ± 0.97 4.35 ± 0.30 4.86 ± 0.32 5.31 ± 0.64 

LC1-O 4.24 ± 0.28 4.52 ± 0.26 4.30 ± 0.36 4.56 ± 0.29 5.70 ± 0.24 

LC2-C 4.75 ± 0.77 5.25 ± 0.68 5.21 ± 0.50 5.23 ± 0.57 6.41 ± 0.32 

LC2-O 5.66 ± 0.22 5.00 ± 0.51 5.16 ± 0.22 5.38 ± 0.43 5.64 ± 0.46 

HC1-C 5.08 ± 0.38 4.67 ± 0.20 4.74 ± 0.39 4.94 ± 0.70 5.41 ± 0.79 

HC1-O 4.16 ± 0.44 3.98 ± 0.61 3.71 ± 0.46 3.91 ± 0.31 5.16 ± 1.09 

HC2-C 5.13 ± 0.51 6.28 ± 0.69 5.98 ± 0.33 6.17 ± 0.20 7.35 ± 0.35 

HC2-O 5.50 ± 0.40 5.79 ± 0.44 5.36 ± 0.68 5.25 ± 0.81 5.60 ± 0.46 

 

  Moreover, SOM results of OA indicated that the amount of organic fertilizer 

added in treatment plots were not high enough to make significantly level of SOM as 

compared to the control plots. Increases SOM of control plots and also treatment plots 

of t he O A s tage m ay cause f rom r esidual ha rvested organic m aterials f rom t he 

previous c rop w ere de graded and s ubsequently became S OM. A bove a ll, t he 

heterogeneity of soil under field condition was very high by nature; therefore, the data 

are quite deviate and hardly predict the trend.  
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4.2.4 Cd and Zn in Soil 

 

4.2.4.1 Total concentration of Cd and Zn in soil 

As s een i n 4.2.3, t he pr oblem of  s oil he terogeneity r esulted t o  t he hi gh 

fluctuation of total Cd and Zn concentration in soil in the same and once comparison 

with the control, i.e. LC2, HC1 and HC2 (Table 4.12 and Table 4.13). This is a nature 

of soil in this area, most the  control s ites in this study were selected next the creek 

then a treatment one was next after in order to avoid distribution of organic fertilizer 

from treatment plot to the control.   From this method of plot selection, it was found 

that the nearer the creek, the more contamination of the soil tended to be.  

 

Table 4.12 Total Cd concentration (mg/kg) of soil of each stage for field experiment 

 Total Cd (mg/Kg) 

 BG OA VG PF MT 

LC1-C 0.282 ± 0.047 0.298 ± 0.046 0.199 ± 0.046 0.132 ± 0.016 0.077 ± 0.051 

LC1-O 0.364 ± 0.208 0.463 ± 0.181 0.236 ± 0.053 0.197 ± 0.076 0.061 ± 0.032 

LC2-C 0.462 ± 0.136 1.291 ± 0.665 0.909 ± 0.481 2.744 ± 0.361 3.041 ± 0.335 

LC2-O 0.748 ± 2.081 0.348 ± 0.108 0.248 ± 0.057 1.393 ± 0.208 1.676 ± 0.420 

HC1-C 15.67 ± 5.898 11.142 ± 2.943 7.684 ± 3.075 5.641± 1.493 4.700 ± 0.958 

HC1-O 3.032 ± 0.863 6.975 ± 5.005 6.199 ± 1.502 2.765± 0.325 0.656 ± 0.484 

HC2-C 74.90 ± 4.169 66.93 ± 9.776 68.81 ± 5.074 65.16 ± 8.644 70.92 ± 6.041 

HC2-O 19.16 ± 4.701 18.22 ± 1.503 16.52 ± 2.260 51.96 ± 22.44 13.11 ± 2.679 

 

Table 4.13 Total Zn concentration (mg/kg) of soil of each stage for field experiment 

 Total Zn (mg/kg) 

 BG OA VG PF MT 

LC1-C 110.4 ± 22.27 117.3 ± 12.58 108.7 ± 6.008 132.8 ± 13.572 100.4 ± 7.126 

LC1-O 103.6 ± 30.08 121.1 ± 34.39 122.5 ± 26.58 132.7 ± 31.625 87.52 ± 10.65 

LC2-C 178.7 ± 129.4 198.2 ± 130.2 201.4 ± 199.7 128.1 ± 32.022 246.3 ± 131.7 

LC2-O 71.94 ± 5.344 70.76 ± 4.684 59.42 ± 1.764 81.77 ± 4.518 89.89 ± 5.392 

HC1-C 324.5 ± 72.92 353.7 ± 62.54 345.5 ± 46.84 407.7 ± 91.40 458.7 ± 60.38 

HC1-O 204.4 ± 29.93 230.9 ± 72.89 219.3 ± 25.41 235.3 ± 18.13 248.6 ± 31.13 

HC2-C 3292 ± 250.9 3253 ± 613.9 3030 ± 217.7 3036 ± 327.4 2901± 316.5 

HC2-O 580.1 ± 32.63 595.6 ± 15.01 592.8 ± 18.81 1135 ± 228.5 500.5 ± 69.71 
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4.2.4.2 Fraction in soil 

1) Cd fraction in soil 

Three f ractions of  B CR s equential ex traction were condu cted to study the 

bioavailability w hich F1, F 2 a nd F3 were referred i n or der of  hi gh m obility, l ow 

mobility and very lo w mobility, respectively. Many o f the  tr ansition metal c ations, 

such as Ni2+, Zn2+, Cd2+ and Pb2+

To i llustrate and compare properly, Cd concentration of  F1, F2 and F3 were 

normalized t o be  pe rcentage of  pr oportion a s p resented i n F igure 4.12.  After water 

was f looded, F 2 i ncreased in the O A s tage while F 3 of  t he O A s tage seemed to 

decrease. Organic fertilizer addition was not shown the trend to increase F3 except for 

LC1 and HC2. However, the Cd proportion of F3 in the control plot of LC1 and HC2 

was f ound hi gher t han i n or ganic f ertilizer a ddition pl ot ( Figure 3b) , t he e xisting 

organic matter in control plot of LC1 was also higher as shown in Table 4.11.  

, are moderately mobile in an oxidized environment. 

However, the relative mobility of these elements in a reduced environment is very low 

to immobile (Essington, 2003).   

This result was revealed later by the farmers  t hat the manure was added into 

control plot of LC2 and the top soil from treatment plot of HC1 was picked up to fill 

in another plot. In addition, F3 may b e mobi lized b y decomposition processes. The 

organic f raction r eleased i n t he ox idizable s tep i s not  c onsidered v ery m obile or  

available since it is thought to be associated with stable high molecular weight humic 

substances that release small amounts of metals in a slow manner (Filgueiras et. al., 

2002). 
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a

 

b

 
c

 

d

 
e 

 
Figure 4.12 The percentage of Cd proportion in three fractions; F1, F2, and F3 in all of 

growth stages; a background s tage, b organic f ertilizer a ddition stage, c vegetative 

stage, d panicle formation stage and e maturation stage. 
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2) Zn fraction in soil 

a 

 

b 

 
c 

 

d 

 
e 

 
Figure 4.13 The percentage of Zn proportion in all of growth stages in three fractions; 

F1, F 2, a nd F 3 i n a ll of  g rowth s tages; a background s tage, b organic f ertilizer 

addition stage, c vegetative stage, d panicle formation stage and e maturation stage. 
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Zn i s found r emarkable hi gh i n t he s tudied area s ince t his a rea ha s been 

classified as zinc prone or zinc deposit area   Due to less mobilization of Zn than Cd, 

F1 and F2 proportion of Zn were found relatively low as compared to those of Cd (see 

Figure 4.12).  Figure 4.13b showed that organic fertilizer addition did not change Zn 

proportion i n F 3 w hen compared w ith B G s tage. O bviously, hi gher S OM of  LC1 

indicated t he l ower pr oportion m ay b e due  t o bi nding w ith l ow-stable or ganic 

substances of treatment plot. The reduction of F2 proportion of LS2 in PF stage may 

be effected by submerged soil with low level of flooded water. 

 

4.2.5 Cd and Zn in rice plant 

 Cd and Zn were investigated in three stages which are the VG, the PF and the 

MT stages.  However, since to reduce Cd in rice grain is the expected outcome from 

this study, the following discussion will focus on the MT stages. Concentration of Cd 

will be presented  

 

4.2.5.1 Cd in rice plant 

Cd uptake by r ice plants with different l evel of  accumulation of each part is 

shown i n F igure 4.1 4a. Only grain obt ained f rom H C2 f ound C d c oncentration 

exceeds t he C odex s tandard at 0.2  m g/kg (0.706 a nd 0.583 mg/kg for H C2-C a nd 

HC2-O, respectively). H owever, i f c ompared the t reatment b y or ganic f ertilizer 

addition with the control, the positive effect on reducing Cd concentration in grain can 

be observed from LC1 and HC2 which mean that this treatment is still promising for 

application. For LC1, Cd accumulation showed the lowest concentration at 0.132 and 

0.112 mg/kg for LC1-C and LC2-O, respectively.  

Although study area was selected closely between plot of control and organic 

fertilizer addition, the initial concentration of Cd and Zn are still relatively different. 

Therefore, the comparison of  the result us ing only concentration may not be  proper 

for explanation.  Therefore, another parameter is introduced to explain the finding of 

this study called “Accumulation Index”. 

Accumulation Index ( AI) i s a pa rameter i ntroduced by K ashem a nd S ingh 

(2001) to estimate the relative availability of metals to plant. In this work, AI is used 

to normalize the Cd uptake to the r ice grown in different level of  Cd contamination 
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soil. AI can be defined as ratio of unit of metal concentration in plant per 1  uni t of  

metal concentration in soil which can be calculated by following equation; 

Accumulation Index    =   

          Total metal concentration in soil 

Mean metal concentration in plant 

The de termination of  Cd a nd Z n i n di fferent pa rts of  gr own i n these 

experiments s howed the t rend of  a ccumulation i ndex i n r oot >  s tem >  panicle. C d 

concentration is found in each part of rice can indicate ability of uptake mechanism of 

the  plant cells, even though the mechanism of Cd transport into plant cell may not be 

clearly understood yet. AI of Cd also showed the obvious trend by reversed relation 

that a re C d a ccumulated i n pl ant pa rt w ith l ow c oncentration i n hi gh C d 

contamination plot (HC2) as shown in Figure 4.14b.  

 

a 

 

 
b 

 

 
Figure 4.14 Cd concentration (a) and Cd accumulation index (b) of rice parts  
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This result may be  explained that HC2 was regarded as the  mos t f ertile soil 

with hi gh concentration of Zn, t hus, t he r ice pl ants m ay be able t o upt ake nut rient 

with proper selectivity and uptake the pollutant with low permeability. In term of soil 

chemistry, Cd is a competitive element with Zn because of chemical similarity. This 

reason pr ominently s upported t he r esult of  LC1 w hich w as a  r epresent of  pl ot 

containing low SOM and Zn that showed highly ability of Cd uptake to plant parts 

based on the same initial Cd concentration. 

 

4.2.5.2 Zn in rice plant 

 

a 

 

 
b 

 

 
Figure 4.15 Zn concentration (a) and Zn accumulation index (b) of rice parts 
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Zn is the element which is one of micronutrients. Zn concentration that found 

in rice plant showed briefly two schemes at which LC and HC1 were firstly and HC2 

was secondly. This finding showed that the initial concentration of Zn played role to 

increase Zn concentration in rice plant. Zn concentration showed the trend in order of 

root > stem > panicle which were the same as Cd. Obviously, Zn translocated to grain 

with a curtain concentration as shown in Figure 4.15a. However for the grain, LC1-O 

was f ound t o be the l owest of  Z n upt ake a t 13.7 m g/kg while H C2-O showed t he 

highest of Zn concentration uptake at 16.1 mg/kg. 

However, Zn A I ( Figure 4.15b)  s howed a qui te s table t rend even i n HC2 

which can ascribe t hat Zn in r ice pl ant has t he same ability for upt ake. Zn in grain 

tended to be t he hi ghest A I m eant t hat Zn can be  a ccumulated i n grain w ith t he 

highest content. 

 

4.2.6 Rice grain productivity 

 

To evaluate the effect of the treatments on productivity yield, the mature grain 

from triplicate of sub-plot with 2x3 m size were collected and air dried to estimate the 

yield. The r ice grain productivity in Figure 4.16 was reported in uni t of  kg/rai with 

14% moisture.  If compared each pair of  the treatment and control, only the case of  

LC1 that exhibited significantly positive effect of the treatment (524 and411 kg/rai for 

the treatment and the control).   

 
Figure 4.16Grain productivity of each studied plot 
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However, f or ot her pairs, e ven t hough t he t reatment s hows l ower 

productivities, f rom hi gh de viation of  r esult, i t w ould c onclude t hat t he e ffect on  

productivity is insignificant.  As a result, it can be summarized that organic fertilizer 

addition should not decrease productivity of the rice production.  LC1 only showed a 

greater pr oductivity b y organic f ertilizer a ddition. E xisting S OM of  e ach pl ot w as 

regarded with this result, grain productivity related to existing SOM by getting more 

grain productivity when found in higher SOM. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 
 

5.1 Conclusions 

 

This s tudy was conducted both pot  and f ield experiment in order to evaluate 

the t reatment of  organic fertilizer and l ime addition. The pot  experiments varied the 

content of  organic fertilizer add ition a t 10g, 20g and 100g per pot . Liming material 

used in this study was 1M KOH solution by varying two contents; 80 and 240 mL per 

pot. F or field e xperiment onl y o rganic f ertilizer addition w as s elected f or ons ite 

experiment a t M ae S ot D istrict, Tak Province, with t he r ate a ddition a t 500 kg /rai 

following r ecommendation of  the Land D evelopment D epartment guideline f or 

organic compost.  

Organic f ertilizer a ddition a ffected on i ncreasing of  S OM w hich m ay be 

composted of  e ffective metal bi nding f unctional g roup at t he s urface of or ganic 

matter. Consequently, Cd was believed to be immobilized and reduced the potential 

phytoavailability. In this s tudy, the  thr ee s teps of  BCR s equential e xtraction was 

determined t o e valuate t he pr oportion c hange of  the three f ractions; F 1, F 2 a nd F 3 

affected from organic compost addition.  The change of each fraction is considered to 

influence uptake of Cd to plant since each fraction has different mobility potential. 

 For K OH a ddition, s oil pH  s howed the trend of  increasing once K OH was 

adding and then was gradually reduce to close to neutral pH in the vegetation stage. 

However, during ve getation s tage, t he rice pl ants exhibited t he dwarf s ymptom and 

they finally died. This limits the evaluation of the effect lime addition on Cd uptake 

by rice.  However, the fraction of Cd in soil had been further investigated.  The result 

shows that after the VG stage, Cd in F1and F2 from both of L1 and L2 appeared to be 

insignificantly di fference w ith t hose of  t he c ontrol.  However, c onsideration t o 

F1+F2, it was quite obviously that F1+F2 concentration of L1 was higher than those 

of L2. For Zn, F2 w as t he dom inant f raction and F 1 was m aintained w ith hi gh 

concentration before the VG stage and after that, Zn in F1 of L1, L2 and OL1 tended 

to decrease again in further stages.  
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For organic fertilizer treatment, organic fertilizer led to an increase of SOM in 

the soil.  Cd proportion (F1, F2 and F3) showed that F1 was the dominant f raction 

while F3 was the lowest fraction. Some evidence indicated that F3 was increased and 

F1 was decreased. For Zn proportion, addition of organic fertilizer seems to change 

fractionation among these 3 fractions by reducing F2 and increasing F1 and F3 in the 

initial stage. However, for the VG, PF and MT stages, F3 was likely stable while F1 

and F2 were fluctuated. Mass of all parts of rice plant was found to be increased by 

organic fertilizer (O1) addition as compared to the control. The order of  Cd and Zn 

accumulation i n pl ant p arts w as found i n root > s tem > grain. No such significant 

reduction was seen for Cd and Zn by organic fertilizer addition. Even though, Cd in 

grain from organic fertilizer addition as well as those from the control plot were found 

exceed to Codex s tandard (0.2 mg/kg), the concentration from the t reatment at  10g, 

20g/ pot showed less Cd concentration in grain as compared to the control.  

In addition, the interesting result found in the pot experiments is that the Zn/Cd 

ratios in r ice plant uptake f rom the organic fertilizer addition pots were higher than 

the control and correlated to amount of  organic fertilizer addition.  Even though the 

mechanism l ed t o t his effect m ay not  be  unde rstood yet, it can be ex pected that 

organic fertilizer somehow involved in Cd and Zn reaction in the soil. The limitation 

of thi s s tudy is  tha t t here ar e s everal factors b eyond the cont rol even i n the pot  

experiment.  As a consequent, some findings are hardly to be explained.   

For the field experiment, four different paddy fields represented the two sites 

of low Cd c ontaminated s oils ( LC1 a nd LC2) a nd t he ot her two sites of high C d 

concentration soils (HC1 and HC2). Each field site was divided into two plots; control 

(C) and organic fertilizer addition (OA). The result from this study indicated that the 

amount of  o rganic f ertilizer a dded in treatment plots mig ht not  b e high e nough t o 

make s ignificantly different of S OM as c ompared t o t he control pl ots. Unlike pot  

experiment, SOM in filed experimental pl ot was like ly to be increased in t he M T 

stage. Organic fertilizer addition was found to be increased in F3 only for LC1 and 

HC2. However, since the initial concentration of SOM in the control plots of LC1 and 

HC2 were higher than the treatment one, the Cd proportion of F3 in the control plots 

were also found higher than those in the treatment plots (LC1 and HC2).  

Organic fertilizer addition did not change Zn proportion in F3 when compared 

with the BG stage. Cd and Zn concentration in plant parts was found in root > stem > 
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grain. Only Cd uptake to grain obtained from HC2 found Cd concentration exceed the 

Codex standard at 2 mg/kg. However, if compared the treatment by organic fertilizer 

addition with the control, the positive effect on reducing Cd concentration in grain can 

be observed from LC1 and HC2 which indicate promising result from the application.   

Accumulation Index ( AI) was introduced as a pa rameter t o estimate t he 

relative a vailability of  metals to plant based on t he s ame i nitial C d c oncentration. 

However, A I did not  s howed r elative t rend t o r educe C d a nd Zn i n rice pl ants. 

Limitation of f ield experiment w as he terogeneity of s oil tha t s howed different tot al 

concentration of  C d a nd Z n i n s oil i ncluding s ome p roperty, especially, t he 

differences between control and treatment plot eventhough they are adjacent. 

 

5.2 Recommendations 

  

The field study shows positive result on reducing Cd in rice grain, even though 

in the high Cd contamination site is still exceed the CODEX standard.  Since organic 

fertilizer i s a pplicable a nd ha s b een know n t o maintain fertility of  s oil in the long 

term, the application of organic fertilizer should be promoted to farmers.     

However, due  t o limitations of t his s tudy f rom s everal f actors be yond t he 

control, further studies should be carried out in order to get better understanding for 

further application.  The recommendations for future study are as follow: 

1. For the pot experiment, to reduce variation of plant and soil properties in 

different s ampling s tages.  Large pot  experiment t o be  e nough f or a ll 

stages of the samples collection should be introduced. 

2. The extremely high Cd concentration in soil, i .e. >50 mg/kg may not be 

suitable for pot experiment since it is high risk for plant to survive. . For 

field experiment, more than one year should be follow up a nd the effect 

of organic fertilizer at various amount additions should be investigated. 

3. Economic a spect s hould be  e valuated and c ompare w ith c onventional 

method of farmer practice.  
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Appendix A 

Cd and Zn fractionation 
Table A-1: Cd fraction for pot experiment 

 

Code 

Cd 

F1 F2 F3 

mg/L mg/kg mg/L mg/kg ug/L mg/kg 

IS-C-S1 1.637 64.259 0.522 20.506 15.190 0.745 
IS-C-S2 1.635 64.920 0.568 22.561 15.320 0.760 
IS-C-S3 1.608 63.683 0.627 24.820 15.740 0.779 
IS-C-S4 1.859 73.828 0.857 34.015 18.160 0.902 
IS-C-S5 1.798 70.607 0.737 28.930 15.920 0.781 
IS-L1-S1 1.760 69.401 0.545 21.502 - - 
IS-L1-S2 1.698 67.115 0.514 20.304 - - 
IS-L1-S3 1.760 70.106 0.602 23.963 - - 
IS-L1-S4 1.693 67.289 0.542 21.542 - - 
IS-L1-S5 1.713 67.388 0.575 22.608 - - 
IS-L2-S1 1.654 65.896 0.632 25.175 - - 
IS-L2-S2 1.722 68.647 0.592 23.584 - - 
IS-L2-S3 1.609 63.799 0.551 21.856 - - 
IS-L2-S4 1.697 67.422 0.579 22.984 - - 
IS-L2-S5 1.678 66.311 0.582 23.007 - - 

IS-O1-1-S1 1.622 64.609 0.687 27.357 17.910 0.892 
IS-O1-1-S2 1.627 57.390 0.659 23.228 15.200 0.670 
IS-O1-1-S3 1.657 57.435 0.608 21.085 15.450 0.669 
IS-O1-1-S4 1.706 60.496 0.636 22.553 14.300 0.634 
IS-O1-1-S5 1.707 67.940 0.737 29.313 16.770 0.834 
IS-O1-2-S1 1.579 62.337 0.725 28.634 16.970 0.837 
IS-O1-2-S2 1.671 66.270 0.692 27.456 17.290 0.857 
IS-O1-2-S3 1.593 63.164 0.596 23.632 15.910 0.789 
IS-O1-2-S4 1.559 61.877 0.790 31.344 16.950 0.841 
IS-O1-2-S5 1.718 68.597 0.703 28.061 14.650 0.731 
IS-O1-3-S1 1.544 61.748 0.707 28.286 19.450 0.972 
IS-O1-3-S2 1.533 60.906 0.775 30.795 19.320 0.959 
IS-O1-3-S3 1.487 59.008 0.683 27.099 18.040 0.895 
IS-O1-3-S4 1.467 58.528 0.752 29.998 19.470 0.971 
IS-O1-3-S5 1.537 61.004 0.682 27.053 17.440 0.865 
IS-BL-S1 1.769 70.268 0.634 25.184 18.230 0.905 
IS-BL-S2 1.844 73.291 0.541 21.490 17.120 0.851 
IS-BL-S3 1.683 66.932 0.565 22.462 18.160 0.903 
IS-BL-S4 1.757 69.255 0.576 22.720 19.520 0.962 
IS-BL-S5 1.713 68.017 0.580 23.010 17.890 0.888 
IS-O2-S1 1.769 70.675 0.542 21.670 18.400 0.919 
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Code 

Cd 

F1 F2 F3 

mg/L mg/kg mg/L mg/kg ug/L mg/kg 

IS-O2-S2 1.740 68.693 0.582 22.957 18.530 0.914 
IS-O2-S3 1.595 62.783 0.513 20.197 17.470 0.860 
IS-O2-S4 1.815 71.612 0.635 25.054 18.150 0.895 
IS-O2-S5 1.696 67.462 0.570 22.689 17.900 0.890 
VG-C-S1 1.629 64.413 0.488 19.288 20.190 0.998 
VG-C-S2 1.747 69.380 0.645 25.600 25.370 1.259 
VG-C-S3 1.772 70.053 0.703 27.796 21.200 1.048 
VG-C-S4 1.770 69.534 0.670 26.309 26.480 1.300 
VG-C-S5 1.672 65.892 0.685 27.011 23.310 1.148 
VG-L1-S1 1.773 70.483 0.527 20.962 - - 
VG-L1-S2 1.693 67.343 0.471 18.751 - - 
VG-L1-S3 1.786 70.929 0.510 20.262 - - 
VG-L1-S4 1.597 63.803 0.464 18.534 - - 
VG-L1-S5 1.687 66.706 0.665 26.303 - - 
VG-L2-S1 1.767 69.403 0.497 19.529 - - 
VG-L2-S2 1.773 70.121 0.473 18.723 - - 
VG-L2-S3 1.695 67.476 0.465 18.507 - - 
VG-L2-S4 1.717 67.386 0.451 17.681 - - 
VG-L2-S5 1.596 63.763 0.475 18.965 - - 

VG-O1-1-S1 1.616 63.748 0.515 20.300 21.640 1.067 
VG-O1-1-S2 1.506 60.204 0.532 21.251 20.980 1.048 
VG-O1-1-S3 1.562 61.654 0.529 20.876 21.160 1.044 
VG-O1-1-S4 1.542 61.045 0.657 26.002 20.810 1.030 
VG-O1-1-S5 1.611 63.004 0.546 21.369 23.700 1.159 
VG-O1-2-S1 1.630 64.760 0.659 26.174 21.780 1.082 
VG-O1-2-S2 1.594 63.367 0.709 28.189 22.280 1.107 
VG-O1-2-S3 1.555 61.706 0.611 24.258 20.990 1.041 
VG-O1-2-S4 1.570 62.166 0.645 25.528 21.450 1.062 
VG-O1-2-S5 1.609 64.257 0.719 28.706 20.350 1.016 
VG-O1-3-S1 1.392 55.392 0.671 26.693 19.620 0.976 
VG-O1-3-S2 1.370 54.625 0.692 27.600 19.430 0.968 
VG-O1-3-S3 1.484 58.207 0.705 27.664 19.310 0.947 
VG-O1-3-S4 1.351 53.431 0.619 24.461 18.480 0.914 
VG-O1-3-S5 1.546 61.313 0.714 28.309 21.340 1.058 
VG-BL-S1 1.618 64.219 0.533 21.171 17.850 0.886 
VG-BL-S2 1.774 70.677 0.566 22.566 18.130 0.903 
VG-BL-S3 1.623 64.087 0.533 21.058 18.720 0.924 
VG-BL-S4 1.584 63.120 0.572 22.773 17.850 0.889 
VG-BL-S5 1.568 62.570 0.546 21.788 17.660 0.881 
VG-O2-S1 1.617 63.164 0.547 21.379 17.930 0.875 
VG-O2-S2 1.603 63.523 0.589 23.349 19.040 0.943 
VG-O2-S3 1.557 61.835 0.516 20.485 16.850 0.836 
VG-O2-S4 1.732 68.486 0.581 22.954 18.510 0.915 
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Code 

Cd 

F1 F2 F3 

mg/L mg/kg mg/L mg/kg ug/L mg/kg 

VG-O2-S5 1.646 65.840 0.510 20.388 17.610 0.881 
PF-C-S1 1.714 68.232 0.396 15.756 14.810 0.737 
PF-C-S2 1.678 66.416 0.473 18.714 16.500 0.816 
PF-C-S3 1.716 67.373 0.438 17.208 15.420 0.757 
PF-C-S4 1.694 67.571 0.435 17.363 15.660 0.781 
PF-C-S5 1.715 67.800 0.555 21.921 16.560 0.818 
PF-L1-S1 1.576 62.552 0.491 19.504 - - 
PF-L1-S2 1.657 66.016 0.509 20.283 - - 
PF-L1-S3 1.766 70.485 0.496 19.812 - - 
PF-L1-S4 1.694 67.638 0.532 21.242 - - 
PF-L1-S5 1.627 64.628 0.517 20.532 - - 
PF-L2-S1 1.655 65.415 0.416 16.423 - - 
PF-L2-S2 1.781 70.535 0.513 20.325 - - 
PF-L2-S3 1.612 64.416 0.453 18.090 - - 
PF-L2-S4 1.699 67.811 0.462 18.431 - - 
PF-L2-S5 1.615 64.535 0.430 17.171 - - 

PF-O1-1-S1 1.670 66.627 0.508 20.275 16.610 0.828 
PF-O1-1-S2 1.700 67.864 0.503 20.096 18.180 0.907 
PF-O1-1-S3 1.671 66.760 0.497 19.856 17.510 0.874 
PF-O1-1-S4 1.520 60.764 0.451 18.013 15.220 0.761 
PF-O1-1-S5 1.656 65.806 0.550 21.856 18.840 0.936 
PF-O1-2-S1 1.623 64.277 0.654 25.881 17.930 0.888 
PF-O1-2-S2 1.586 62.713 0.477 18.849 15.960 0.789 
PF-O1-2-S3 1.724 68.919 0.539 21.527 17.620 0.880 
PF-O1-2-S4 1.701 67.701 0.494 19.650 16.460 0.819 
PF-O1-2-S5 1.658 65.637 0.731 28.943 19.850 0.982 
PF-O1-3-S1 1.439 57.069 0.600 23.779 18.760 0.930 
PF-O1-3-S2 1.675 66.350 0.672 26.623 19.150 0.948 
PF-O1-3-S3 1.545 61.407 0.656 26.053 18.260 0.907 
PF-O1-3-S4 1.489 59.311 0.590 23.505 17.770 0.885 
PF-O1-3-S5 1.488 59.413 0.590 23.558 18.700 0.933 
PF-BL-S1 1.654 65.118 0.478 18.799 14.110 0.694 
PF-BL-S2 1.561 62.415 0.482 19.268 14.650 0.732 
PF-BL-S3 1.586 63.275 0.484 19.314 16.010 0.798 
PF-BL-S4 1.720 67.650 0.478 18.781 15.870 0.780 
PF-BL-S5 1.604 64.096 0.530 21.179 15.990 0.799 
PF-O2-S1 1.745 69.675 0.558 22.276 16.910 0.844 
PF-O2-S2 1.574 62.460 0.465 18.468 16.240 0.806 
PF-O2-S3 1.654 65.247 0.509 20.087 16.790 0.828 
PF-O2-S4 1.489 59.453 0.565 22.567 17.410 0.869 
PF-O2-S5 1.636 64.946 0.526 20.865 16.260 0.807 
MT-C-S1 1.679 67.093 0.450 17.970 23.320 1.165 
MT-C-S2 1.789 70.656 0.534 21.094 18.270 0.902 
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Code 

Cd 

F1 F2 F3 

mg/L mg/kg mg/L mg/kg ug/L mg/kg 

MT-C-S3 1.539 61.096 0.549 21.786 19.610 0.973 
MT-C-S4 1.612 64.377 0.497 19.840 21.200 1.058 
MT-C-S5 1.801 71.696 0.521 20.756 18.820 0.937 
MT-L1-S1 1.637 65.193 0.504 20.052 - - 
MT-L1-S2 1.530 60.367 0.584 23.034 - - 
MT-L1-S3 1.612 64.159 0.499 19.865 - - 
MT-L1-S4 1.420 56.687 0.726 28.994 - - 
MT-L1-S5 1.605 63.615 0.427 16.908 - - 
MT-L2-S1 1.619 64.374 0.484 19.260 - - 
MT-L2-S2 1.676 66.680 0.505 20.088 - - 
MT-L2-S3 1.686 66.287 0.486 19.123 - - 
MT-L2-S4 1.776 70.532 0.487 19.325 - - 
MT-L2-S5 1.627 64.950 0.404 16.136 - - 

MT-O1-1-S1 1.564 61.806 0.567 22.403 19.760 0.976 
MT-O1-1-S2 1.594 63.557 0.605 24.119 22.470 1.120 
MT-O1-1-S3 1.706 68.036 0.540 21.515 19.530 0.974 
MT-O1-1-S4 1.647 65.657 0.638 25.430 20.110 1.002 
MT-O1-1-S5 1.629 64.489 0.512 20.285 19.720 0.976 
MT-O1-2-S1 1.660 66.334 0.557 22.254 17.860 0.892 
MT-O1-2-S2 1.428 57.040 0.844 33.709 20.750 1.036 
MT-O1-2-S3 1.542 61.581 0.619 24.708 19.920 0.994 
MT-O1-2-S4 1.471 58.711 0.745 29.731 20.730 1.034 
MT-O1-2-S5 1.593 63.290 0.527 20.950 17.370 0.863 
MT-O1-3-S1 1.593 63.302 0.620 24.637 19.120 0.950 
MT-O1-3-S2 1.455 57.238 0.832 32.734 21.590 1.062 
MT-O1-3-S3 1.498 59.777 0.680 27.151 17.590 0.877 
MT-O1-3-S4 1.539 61.364 0.681 27.161 20.470 1.020 
MT-O1-3-S5 1.522 60.819 0.611 24.416 21.100 1.054 
MT-BL-S1 1.708 67.994 0.554 22.070 17.870 0.889 
MT-BL-S2 1.525 60.324 0.531 21.013 18.240 0.902 
MT-BL-S3 1.608 64.307 0.513 20.508 19.750 0.987 
MT-BL-S4 1.690 67.264 0.516 20.517 19.220 0.956 
MT-BL-S5 1.576 62.814 0.575 22.921 21.500 1.071 
MT-O2-S1 1.618 64.526 0.631 25.157 18.680 0.931 
MT-O2-S2 1.581 63.026 0.524 20.893 19.360 0.965 
MT-O2-S3 1.559 62.335 0.570 22.803 20.360 1.018 
MT-O2-S4 1.595 63.294 0.680 26.992 21.200 1.052 
MT-O2-S5 1.662 66.215 0.593 23.625 22.020 1.097 
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Table A-2: Zn fraction for pot experiment 

 

Code 
Zn 

F1 F2 F3 
mg/L mg/kg mg/L mg/kg mg/L mg/kg 

IS-C-S1 29.379 1153.248 48.069 1886.909 5.968 125.332 

IS-C-S2 35.700 1417.510 52.668 2091.245 4.841 101.651 

IS-C-S3 37.170 1472.079 49.119 1945.307 5.025 105.531 

IS-C-S4 33.075 1313.542 64.092 2545.353 5.893 123.745 

IS-C-S5 30.345 1191.636 60.564 2378.323 5.470 114.867 

IS-L1-S1 38.241 1507.926 51.345 2024.645 - - 

IS-L1-S2 34.272 1354.625 52.710 2083.399 - - 

IS-L1-S3 26.712 1064.011 54.537 2172.356 - - 

IS-L1-S4 24.906 989.905 52.269 2077.464 - - 

IS-L1-S5 29.967 1178.875 51.891 2041.345 - - 

IS-L2-S1 29.673 1182.191 52.374 2086.614 - - 

IS-L2-S2 25.200 1004.584 54.915 2189.157 - - 

IS-L2-S3 29.463 1168.239 53.445 2119.151 - - 

IS-L2-S4 25.452 1011.204 60.396 2399.523 - - 

IS-L2-S5 23.898 944.398 60.102 2375.104 - - 

IS-O1-1-S1 23.877 951.085 59.073 2353.037 0.513 10.778 

IS-O1-1-S2 23.772 838.519 62.034 2188.148 0.080 1.676 

IS-O1-1-S3 24.633 853.830 51.135 1772.444 0.078 1.632 

IS-O1-1-S4 23.667 839.255 55.965 1984.574 0.097 2.029 

IS-O1-1-S5 23.835 948.657 61.236 2437.254 0.369 7.753 

IS-O1-2-S1 22.617 892.894 48.573 1917.608 0.346 7.268 

IS-O1-2-S2 24.192 959.429 56.028 2222.011 0.166 3.484 

IS-O1-2-S3 23.016 912.609 50.757 2012.569 0.159 3.347 

IS-O1-2-S4 28.098 1115.221 66.192 2627.188 0.264 5.539 

IS-O1-2-S5 27.174 1085.007 56.511 2256.379 0.055 1.147 

IS-O1-3-S1 29.127 1164.847 50.673 2026.515 6.260 131.452 

IS-O1-3-S2 23.541 935.280 54.957 2183.433 6.245 131.153 

IS-O1-3-S3 23.604 936.667 44.289 1757.500 5.798 121.760 

IS-O1-3-S4 25.032 998.683 40.551 1617.834 5.445 114.351 

IS-O1-3-S5 27.762 1101.885 41.328 1640.325 5.009 105.179 

IS-BL-S1 23.940 950.943 40.845 1622.443 5.399 113.381 

IS-BL-S2 25.662 1019.952 40.425 1606.717 4.498 94.462 

IS-BL-S3 23.163 921.177 55.713 2215.669 4.836 101.562 

IS-BL-S4 24.024 946.945 45.906 1809.460 4.979 104.561 

IS-BL-S5 22.008 873.853 40.467 1606.790 4.838 101.606 

IS-O2-S1 24.192 966.520 41.916 1674.630 3.738 78.498 

IS-O2-S2 23.919 944.295 39.942 1576.865 4.250 89.258 

IS-O2-S3 23.079 908.443 49.707 1956.583 4.047 84.981 

IS-O2-S4 24.696 974.393 46.956 1852.673 4.666 97.990 

IS-O2-S5 24.381 969.809 39.081 1554.535 4.269 89.655 
VG-C-S1 26.397 1043.772 65.541 2591.578 3.709 183.323 
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Code 
Zn 

F1 F2 F3 
mg/L mg/kg mg/L mg/kg mg/L mg/kg 

VG-C-S2 24.633 978.276 67.137 2666.283 3.955 196.336 
VG-C-S3 25.410 1004.546 68.439 2705.634 3.806 188.081 
VG-C-S4 24.612 966.883 65.016 2554.154 4.060 199.371 
VG-C-S5 25.620 1009.655 58.989 2324.690 4.135 203.695 
VG-L1-S1 25.851 1027.668 50.106 1991.890 - - 
VG-L1-S2 24.486 973.986 51.744 2058.234 - - 
VG-L1-S3 25.452 1010.802 59.451 2361.041 - - 
VG-L1-S4 24.528 979.944 52.479 2096.644 - - 
VG-L1-S5 27.384 1082.800 54.348 2148.992 - - 
VG-L2-S1 23.982 941.948 61.929 2432.404 - - 
VG-L2-S2 26.040 1029.860 57.078 2257.386 - - 
VG-L2-S3 30.555 1216.361 59.052 2350.796 - - 
VG-L2-S4 26.376 1035.165 60.186 2362.088 - - 
VG-L2-S5 25.473 1017.699 46.473 1856.692 - - 

VG-O1-1-S1 27.804 1096.805 58.296 2299.645 3.686 181.755 
VG-O1-1-S2 24.822 992.285 57.729 2307.775 3.472 173.496 
VG-O1-1-S3 27.909 1101.599 57.267 2260.391 3.581 176.682 
VG-O1-1-S4 26.691 1056.651 53.781 2129.097 3.663 181.265 
VG-O1-1-S5 24.087 942.002 53.256 2082.753 3.847 188.062 
VG-O1-2-S1 24.381 968.653 58.947 2341.955 3.721 184.793 
VG-O1-2-S2 24.444 971.735 54.516 2167.203 3.597 178.742 
VG-O1-2-S3 31.458 1248.333 59.997 2380.833 3.467 171.974 
VG-O1-2-S4 25.788 1021.105 52.983 2097.921 3.588 177.589 
VG-O1-2-S5 25.872 1033.227 53.823 2149.481 3.279 163.688 
VG-O1-3-S1 26.754 1064.624 52.626 2094.150 3.338 166.037 
VG-O1-3-S2 23.541 938.636 36.456 1453.589 3.190 158.991 
VG-O1-3-S3 27.552 1080.682 47.061 1845.891 3.163 155.079 
VG-O1-3-S4 23.625 934.348 49.959 1975.835 3.490 172.533 
VG-O1-3-S5 24.213 960.262 52.710 2090.422 3.051 151.249 
VG-BL-S1 24.633 977.694 49.749 1974.558 3.478 172.554 
VG-BL-S2 23.142 921.992 60.963 2428.805 3.374 168.028 
VG-BL-S3 28.119 1110.326 54.957 2170.069 3.574 176.407 
VG-BL-S4 27.720 1104.603 47.208 1881.172 3.368 167.763 
VG-BL-S5 23.247 927.654 58.065 2317.039 3.420 170.591 
VG-O2-S1 27.069 1057.383 56.238 2196.797 3.552 173.438 
VG-O2-S2 18.570 735.895 60.165 2384.189 3.525 174.609 
VG-O2-S3 29.715 1180.103 53.235 2114.178 3.303 163.969 
VG-O2-S4 26.880 1062.871 62.244 2461.210 3.592 177.541 
VG-O2-S5 23.814 952.560 44.499 1779.960 3.441 172.050 

PF-C-S1 22.659 902.030 51.849 2064.053 3.892 193.670 

PF-C-S2 23.814 942.569 59.115 2339.798 3.674 181.773 

PF-C-S3 21.504 844.287 59.136 2321.790 3.547 174.077 

PF-C-S4 22.449 895.453 52.668 2100.838 3.654 182.190 

PF-C-S5 23.415 925.677 59.388 2347.816 3.605 178.148 
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Code 
Zn 

F1 F2 F3 
mg/L mg/kg mg/L mg/kg mg/L mg/kg 

PF-L1-S1 22.050 875.174 52.689 2091.248 - - 

PF-L1-S2 20.538 818.247 48.468 1930.996 - - 

PF-L1-S3 21.714 866.653 50.715 2024.147 - - 

PF-L1-S4 22.050 880.415 50.190 2003.993 - - 

PF-L1-S5 21.063 836.663 46.578 1850.169 - - 

PF-L2-S1 20.809 822.486 58.275 2303.360 - - 

PF-L2-S2 18.539 734.210 56.322 2230.574 - - 

PF-L2-S3 19.331 772.448 53.424 2134.825 - - 

PF-L2-S4 17.728 707.571 52.395 2091.199 - - 

PF-L2-S5 20.784 830.517 55.398 2213.706 - - 

PF-O1-1-S1 21.231 847.038 56.952 2272.172 3.387 168.911 

PF-O1-1-S2 22.365 892.814 55.566 2218.204 3.799 189.571 

PF-O1-1-S3 20.815 831.610 51.303 2049.660 3.523 175.939 

PF-O1-1-S4 21.987 878.953 45.528 1820.028 3.246 162.203 

PF-O1-1-S5 24.234 963.004 47.355 1881.780 3.482 172.958 

PF-O1-2-S1 24.864 984.713 44.247 1752.356 3.522 174.356 

PF-O1-2-S2 33.516 1325.267 47.838 1891.578 3.334 164.788 

PF-O1-2-S3 22.407 895.743 55.041 2200.320 3.447 172.247 

PF-O1-2-S4 22.344 889.313 45.297 1802.866 3.429 170.597 

PF-O1-2-S5 23.520 931.116 54.663 2164.014 3.652 180.721 

PF-O1-3-S1 21.504 852.826 51.177 2029.625 2.885 143.020 

PF-O1-3-S2 22.050 873.440 48.174 1908.259 3.377 167.211 

PF-O1-3-S3 22.398 890.238 49.056 1949.762 3.119 154.958 

PF-O1-3-S4 21.798 868.273 51.009 2031.826 3.381 168.343 

PF-O1-3-S5 21.315 851.068 51.072 2039.209 3.177 158.565 

PF-BL-S1 22.554 887.953 52.962 2085.118 3.223 158.612 

PF-BL-S2 20.530 820.856 48.762 1949.700 3.245 162.185 

PF-BL-S3 22.113 882.226 55.377 2209.336 3.725 185.767 

PF-BL-S4 22.554 887.080 51.261 2016.165 3.771 185.398 

PF-BL-S5 21.231 848.392 60.144 2403.357 3.463 172.977 

PF-O2-S1 23.646 944.141 48.909 1952.845 3.507 175.035 

PF-O2-S2 22.533 894.167 58.905 2337.500 3.519 174.554 

PF-O2-S3 22.344 881.420 54.012 2130.651 3.462 170.710 

PF-O2-S4 21.504 858.614 53.739 2145.698 3.419 170.643 

PF-O2-S5 22.722 902.025 47.565 1888.249 3.671 182.166 

MT-C-S1 23.310 931.469 39.501 1578.462 3.913 195.455 

MT-C-S2 24.066 950.474 64.050 2529.621 3.860 190.561 

MT-C-S3 25.410 1008.734 49.392 1960.778 3.526 174.970 

MT-C-S4 18.329 731.981 51.723 2065.615 3.605 179.962 

MT-C-S5 24.255 965.565 59.892 2384.236 3.611 179.688 

MT-L1-S1 21.903 872.282 54.852 2184.468 - - 

MT-L1-S2 21.084 831.880 56.679 2236.299 - - 

MT-L1-S3 21.336 849.194 56.637 2254.209 - - 

MT-L1-S4 21.021 839.162 49.791 1987.665 - - 
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Code 
Zn 

F1 F2 F3 
mg/L mg/kg mg/L mg/kg mg/L mg/kg 

MT-L1-S5 21.105 836.504 51.597 2045.065 - - 

MT-L2-S1 21.399 850.855 58.548 2327.952 - - 

MT-L2-S2 23.352 929.063 64.848 2579.988 - - 

MT-L2-S3 25.389 998.191 51.996 2044.270 - - 

MT-L2-S4 28.959 1150.079 52.899 2100.834 - - 

MT-L2-S5 20.790 829.940 51.051 2037.964 - - 

MT-O1-1-S1 21.084 833.195 48.510 1917.012 3.338 164.888 

MT-O1-1-S2 23.457 935.287 46.284 1845.455 3.607 179.775 

MT-O1-1-S3 23.079 920.399 62.916 2509.113 3.407 169.840 

MT-O1-1-S4 24.192 964.401 45.171 1800.718 3.588 178.792 

MT-O1-1-S5 22.008 871.259 50.358 1993.587 3.463 171.368 

MT-O1-2-S1 21.798 871.049 56.721 2266.573 3.329 166.284 

MT-O1-2-S2 22.638 904.254 50.085 2000.599 3.110 155.283 

MT-O1-2-S3 22.092 882.268 52.857 2110.903 2.949 147.214 

MT-O1-2-S4 21.672 864.977 51.597 2059.349 3.198 159.549 

MT-O1-2-S5 23.226 922.765 41.013 1629.440 3.159 156.883 

MT-O1-3-S1 21.861 868.707 60.459 2402.503 3.331 165.458 

MT-O1-3-S2 21.504 845.948 48.279 1899.253 3.116 153.226 

MT-O1-3-S3 21.063 840.503 53.382 2130.168 2.793 139.316 

MT-O1-3-S4 20.681 824.593 48.657 1940.072 3.355 167.215 

MT-O1-3-S5 21.168 845.874 53.865 2152.448 3.419 170.779 

MT-BL-S1 19.530 777.468 56.238 2238.774 3.270 162.719 

MT-BL-S2 20.933 828.038 50.001 1977.888 3.365 166.386 

MT-BL-S3 21.966 878.464 53.130 2124.775 3.465 173.215 

MT-BL-S4 22.407 891.821 58.674 2335.284 3.474 172.836 

MT-BL-S5 22.848 910.642 52.983 2111.718 3.577 178.208 

MT-O2-S1 22.491 896.949 48.888 1949.671 3.485 173.729 

MT-O2-S2 21.525 858.083 62.706 2499.741 3.419 170.371 

MT-O2-S3 19.391 775.346 50.337 2012.675 3.791 189.474 

MT-O2-S4 22.974 911.667 55.356 2196.667 3.312 164.286 

MT-O2-S5 27.006 1075.936 50.106 1996.255 3.691 183.815 
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Table A-3: Cd fraction for field experiment 

 

Code 
Cd 

F1 F2 F3 
mg/L mg/kg mg/L mg/kg mg/L mg/kg 

BG-LC1-C1 0.001 0.026 0.000 0.019 0.000 0.023 
BG-LC1-C2 0.001 0.055 0.001 0.029 0.000 0.014 
BG-LC1-C3 0.001 0.029 0.000 0.018 0.000 0.014 
BG-LC1-B1 0.001 0.058 0.000 0.016 0.001 0.032 
BG-LC1-B2 0.001 0.028 0.001 0.021 0.001 0.027 
BG-LC1-B3 0.001 0.033 0.001 0.022 0.000 0.024 
BG-LC2-C1 0.015 0.578 0.032 1.252 0.008 0.393 
BG-LC2-C2 0.021 0.812 0.033 1.305 0.008 0.394 
BG-LC2-C3 0.013 0.513 0.013 0.516 0.007 0.360 
BG-LC2-B1 0.007 0.281 0.008 0.314 0.001 0.033 
BG-LC2-B2 0.005 0.198 0.006 0.252 0.001 0.056 
BG-LC2-B3 0.006 0.226 0.007 0.263 0.001 0.035 
BG-HC1-C1 0.032 1.262 0.033 1.304 0.005 0.273 
BG-HC1-C2 0.034 1.330 0.037 1.450 0.009 0.434 
BG-HC1-C3 0.018 0.707 0.031 1.250 0.006 0.306 
BG-HC1-B1 0.022 0.869 0.022 0.869 0.005 0.230 
BG-HC1-B2 0.032 1.286 0.026 1.050 0.004 0.202 
BG-HC1-B3 0.016 0.634 0.015 0.590 0.003 0.131 
BG-HC2-C1 1.349 52.975 0.837 32.876 0.017 0.827 
BG-HC2-C2 1.708 67.805 0.640 25.411 0.016 0.783 
BG-HC2-C3 1.769 69.632 0.827 32.545 0.017 0.851 
BG-HC2-B1 0.212 8.452 0.132 5.281 0.012 0.609 
BG-HC2-B2 0.192 7.620 0.179 7.107 0.013 0.651 
BG-HC2-B3 0.179 7.069 0.116 4.583 0.011 0.547 
OA-LC1-C1 0.001 0.042 0.001 0.033 0.000 0.014 
OA-LC1-C2 0.001 0.057 0.001 0.044 0.000 0.024 
OA-LC1-C3 0.002 0.070 0.001 0.053 0.000 0.016 
OA-LC1-B1 0.001 0.033 0.002 0.070 0.000 0.007 
OA-LC1-B2 0.001 0.030 0.001 0.027 0.000 0.016 
OA-LC1-B3 0.001 0.030 0.002 0.066 0.001 0.029 
OA-LC2-C1 0.023 0.926 0.029 1.167 0.007 0.340 
OA-LC2-C2 0.018 0.729 0.029 1.137 0.008 0.392 
OA-LC2-C3 0.013 0.527 0.023 0.895 0.002 0.094 
OA-LC2-B1 0.007 0.259 0.008 0.322 0.001 0.029 
OA-LC2-B2 0.003 0.129 0.007 0.284 0.000 0.013 
OA-LC2-B3 0.007 0.291 0.005 0.208 0.001 0.036 
OA-HC1-C1 0.030 1.195 0.036 1.431 0.010 0.514 
OA-HC1-C2 0.032 1.261 0.034 1.368 0.007 0.352 
OA-HC1-C3 0.032 1.270 0.033 1.310 0.007 0.345 
OA-HC1-B1 0.032 1.250 0.035 1.393 0.006 0.293 
OA-HC1-B2 0.018 0.732 0.019 0.750 0.003 0.171 
OA-HC1-B3 0.023 0.927 0.019 0.771 0.004 0.178 
OA-HC2-C1 1.236 49.322 0.564 22.502 0.018 0.874 
OA-HC2-C2 0.858 34.045 0.586 23.251 0.015 0.769 
OA-HC2-C3 0.923 45.270 0.547 26.816 0.016 0.992 
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Code 
Cd 

F1 F2 F3 
mg/L mg/kg mg/L mg/kg mg/L mg/kg 

OA-HC2-B1 0.270 10.679 0.160 6.307 0.014 0.691 
OA-HC2-B2 0.209 8.297 0.136 5.402 0.013 0.657 
OA-HC2-B3 0.286 11.263 0.143 5.634 0.011 0.557 
VG-LC1-C1 0.001 0.059 0.003 0.129 0.000 0.013 
VG-LC1-C2 0.005 0.203 0.003 0.125 0.000 0.017 
VG-LC1-C3 0.001 0.034 0.004 0.152 0.001 0.033 
VG-LC1-B1 0.001 0.031 0.002 0.069 0.000 0.017 
VG-LC1-B2 0.001 0.031 0.002 0.071 0.000 0.014 
VG-LC1-B3 0.007 0.265 0.002 0.073 0.001 0.040 
VG-LC2-C1 0.019 0.760 0.024 0.968 0.008 0.374 
VG-LC2-C2 0.021 0.834 0.027 1.066 0.004 0.216 
VG-LC2-C3 0.023 0.918 0.027 1.086 0.001 0.030 
VG-LC2-B1 0.008 0.300 0.008 0.326 0.005 0.244 
VG-LC2-B2 0.006 0.251 0.006 0.250 0.001 0.025 
VG-LC2-B3 0.006 0.224 0.008 0.329 0.000 0.019 
VG-HC1-C1 0.034 1.334 0.035 1.401 0.009 0.460 
VG-HC1-C2 0.019 0.753 0.032 1.271 0.008 0.375 
VG-HC1-C3 0.024 0.956 0.034 1.365 0.007 0.328 
VG-HC1-B1 0.019 0.774 0.018 0.708 0.003 0.147 
VG-HC1-B2 0.020 0.776 0.020 0.786 0.003 0.148 
VG-HC1-B3 0.011 0.438 0.019 0.758 0.003 0.132 
VG-HC2-C1 1.202 47.962 0.836 33.363 0.019 0.941 
VG-HC2-C2 1.301 51.251 0.586 23.065 0.016 0.808 
VG-HC2-C3 1.251 49.594 0.643 25.475 0.018 0.883 
VG-HC2-B1 0.143 5.659 0.183 7.242 0.015 0.763 
VG-HC2-B2 0.243 9.685 0.176 7.006 0.015 0.768 
VG-HC2-B3 0.190 7.529 0.113 4.474 0.014 0.679 
PF-LC1-C1 0.005 0.203 0.004 0.166 0.001 0.028 
PF-LC1-C2 0.006 0.242 0.005 0.188 0.000 0.017 
PF-LC1-C3 0.006 0.243 0.005 0.195 0.000 0.023 
PF-LC1-B1 0.007 0.269 0.006 0.236 0.000 0.009 
PF-LC1-B2 0.012 0.456 0.007 0.280 0.000 0.021 
PF-LC1-B3 0.010 0.392 0.010 0.400 0.000 0.021 
PF-LC2-C1 0.019 0.755 0.008 0.316 0.005 0.224 
PF-LC2-C2 0.011 0.443 0.011 0.448 0.004 0.177 
PF-LC2-C3 0.008 0.325 0.025 1.001 0.000 0.022 
PF-LC2-B1 0.005 0.194 0.022 0.868 0.001 0.034 
PF-LC2-B2 0.003 0.135 0.006 0.230 0.000 0.018 
PF-LC2-B3 0.004 0.142 0.018 0.715 0.000 0.023 
PF-HC1-C1 0.027 1.061 0.032 1.257 0.006 0.317 
PF-HC1-C2 0.025 0.990 0.031 1.242 0.005 0.246 
PF-HC1-C3 0.030 1.191 0.031 1.256 0.004 0.221 
PF-HC1-B1 0.028 1.091 0.026 1.025 0.004 0.185 
PF-HC1-B2 0.018 0.722 0.019 0.747 0.003 0.136 
PF-HC1-B3 0.024 0.964 0.021 0.838 0.002 0.119 
PF-HC2-C1 1.376 54.414 0.628 24.835 0.015 0.732 
PF-HC2-C2 1.173 46.687 0.523 20.828 0.022 1.078 
PF-HC2-C3 1.145 45.347 0.848 33.600 0.023 1.126 
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Code 
Cd 

F1 F2 F3 
mg/L mg/kg mg/L mg/kg mg/L mg/kg 

PF-HC2-B1 0.187 7.413 0.143 5.663 0.026 1.268 
PF-HC2-B2 0.198 7.797 0.185 7.273 0.015 0.759 
PF-HC2-B3 0.175 6.953 0.119 4.741 0.012 0.586 
MT-LC1-C1 0.004 0.170 0.002 0.094 0.000 0.015 
MT-LC1-C2 0.004 0.174 0.002 0.097 0.000 0.021 
MT-LC1-C3 0.006 0.222 0.004 0.138 0.000 0.013 
MT-LC1-B1 0.009 0.360 0.006 0.223 0.001 0.041 
MT-LC1-B2 0.010 0.409 0.007 0.267 0.001 0.039 
MT-LC1-B3 0.011 0.450 0.008 0.311 0.001 0.039 
MT-LC2-C1 0.024 0.951 0.020 0.783 0.006 0.320 
MT-LC2-C2 0.027 1.054 0.023 0.890 0.006 0.298 
MT-LC2-C3 0.021 0.814 0.018 0.703 0.003 0.128 
MT-LC2-B1 0.006 0.228 0.005 0.190 0.001 0.027 
MT-LC2-B2 0.009 0.339 0.006 0.233 0.001 0.038 
MT-LC2-B3 0.007 0.271 0.005 0.194 0.001 0.028 
MT-HC1-C1 0.015 0.597 0.026 1.022 0.007 0.370 
MT-HC1-C2 0.019 0.769 0.023 0.919 0.006 0.287 
MT-HC1-C3 0.026 1.056 0.023 0.909 0.005 0.261 
MT-HC1-B1 0.017 0.652 0.015 0.601 0.004 0.184 
MT-HC1-B2 0.016 0.645 0.016 0.620 0.003 0.158 
MT-HC1-B3 0.020 0.777 0.019 0.773 0.004 0.210 
MT-HC2-C1 0.017 0.681 0.031 1.248 0.019 0.950 
MT-HC2-C2 0.019 0.747 0.026 1.058 0.019 0.964 
MT-HC2-C3 0.020 0.813 0.025 0.999 0.019 0.956 
MT-HC2-B1 0.021 0.830 0.038 1.525 0.013 0.627 
MT-HC2-B2 0.023 0.910 0.035 1.392 0.010 0.475 
MT-HC2-B3 0.021 0.818 0.035 1.403 0.013 0.629 
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Table A-4: Zn fraction for field experiment 
 

Code 

Zn 

F1 F2 F3 

mg/L mg/kg mg/L mg/kg mg/L mg/kg 
BG-LC1-C1 0.123 4.840 0.182 7.195 0.303 14.921 
BG-LC1-C2 0.109 4.340 0.176 6.992 0.276 13.709 
BG-LC1-C3 0.121 4.755 0.169 6.646 0.299 14.708 
BG-LC1-B1 0.107 4.243 0.155 6.158 0.263 13.045 
BG-LC1-B2 0.160 6.366 0.532 21.146 0.454 22.578 
BG-LC1-B3 0.105 4.154 0.142 5.650 0.279 13.832 
BG-LC2-C1 1.720 68.200 2.816 111.657 1.154 57.197 
BG-LC2-C2 1.740 68.897 3.788 149.990 1.158 57.315 
BG-LC2-C3 1.256 49.644 1.419 56.079 1.150 56.840 
BG-LC2-B1 0.109 4.333 0.217 8.599 0.384 19.048 
BG-LC2-B2 0.084 3.321 0.234 9.262 0.343 16.972 
BG-LC2-B3 0.103 4.071 0.217 8.624 0.372 18.491 
BG-HC1-C1 1.807 71.906 3.391 134.938 0.712 35.396 
BG-HC1-C2 1.516 60.159 5.488 217.778 1.452 72.024 
BG-HC1-C3 1.741 69.142 3.184 126.450 0.711 35.291 
BG-HC1-B1 0.629 25.103 1.352 53.940 0.462 23.045 
BG-HC1-B2 1.470 58.368 2.415 95.890 0.528 26.201 
BG-HC1-B3 0.463 18.335 0.953 37.776 0.370 18.341 
BG-HC2-C1 17.079 670.685 23.985 941.881 5.690 279.285 
BG-HC2-C2 25.845 1026.002 34.090 1353.315 3.574 177.362 
BG-HC2-C3 24.760 974.611 39.725 1563.669 4.996 245.813 
BG-HC2-B1 5.148 205.345 10.368 413.562 2.108 105.106 
BG-HC2-B2 4.985 198.368 13.660 543.573 2.416 120.175 
BG-HC2-B3 4.681 185.256 10.710 423.907 1.988 98.333 
OA-LC1-C1 0.135 5.362 0.186 7.411 0.305 15.218 
OA-LC1-C2 0.115 4.572 0.164 6.540 0.376 18.733 
OA-LC1-C3 0.111 4.394 0.165 6.536 0.291 14.375 
OA-LC1-B1 0.182 7.257 0.285 11.375 0.371 18.563 
OA-LC1-B2 0.328 13.091 0.473 18.867 0.438 21.849 
OA-LC1-B3 0.325 12.872 0.523 20.722 0.458 22.676 
OA-LC2-C1 1.711 67.951 3.655 145.155 1.095 54.359 
OA-LC2-C2 2.782 109.895 2.845 112.384 1.007 49.723 
OA-LC2-C3 0.666 26.242 1.261 49.695 0.867 42.724 
OA-LC2-B1 0.137 5.419 0.254 10.087 0.390 19.368 
OA-LC2-B2 0.075 2.982 0.244 9.675 0.300 14.856 
OA-LC2-B3 0.140 5.500 0.196 7.735 0.364 17.918 
OA-HC1-C1 2.300 91.506 5.187 206.366 1.305 64.900 
OA-HC1-C2 2.927 116.590 4.405 175.463 1.011 50.339 
OA-HC1-C3 2.503 99.365 4.027 159.865 0.914 45.360 
OA-HC1-B1 0.811 31.998 3.948 155.770 0.808 39.850 
OA-HC1-B2 0.521 20.778 1.143 45.601 0.415 20.686 
OA-HC1-B3 0.688 27.430 1.405 56.032 0.429 21.406 
OA-HC2-C1 22.666 904.469 33.082 1320.112 4.519 225.419 
OA-HC2-C2 13.552 537.991 28.196 1119.333 4.162 206.506 
OA-HC2-C3 15.785 774.534 27.916 1369.774 3.102 190.242 
OA-HC2-B1 5.975 235.979 12.620 498.420 2.382 117.595 
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Code 

Zn 

F1 F2 F3 

mg/L mg/kg mg/L mg/kg mg/L mg/kg 
OA-HC2-B2 2.934 116.339 11.525 457.069 2.200 109.062 
OA-HC2-B3 4.769 187.904 11.500 453.113 2.247 110.643 
VG-LC1-C1 0.178 7.084 0.200 7.970 0.297 14.832 
VG-LC1-C2 0.152 6.088 0.181 7.224 0.295 14.755 
VG-LC1-C3 0.166 6.633 0.193 7.690 0.315 15.687 
VG-LC1-B1 0.344 13.543 0.441 17.353 0.431 21.213 
VG-LC1-B2 0.584 23.241 0.476 18.942 0.404 20.069 
VG-LC1-B3 0.167 6.643 0.508 20.183 0.456 22.626 
VG-LC2-C1 1.640 65.131 2.747 109.095 1.031 51.181 
VG-LC2-C2 1.335 52.976 2.356 93.492 0.888 44.058 
VG-LC2-C3 1.580 62.998 5.555 221.491 0.751 37.440 
VG-LC2-B1 0.129 5.143 0.238 9.514 0.341 17.047 
VG-LC2-B2 0.122 4.837 0.235 9.356 0.337 16.741 
VG-LC2-B3 0.136 5.437 0.258 10.291 0.355 17.710 
VG-HC1-C1 2.500 99.167 4.636 183.895 1.194 59.203 
VG-HC1-C2 2.991 117.779 4.350 171.294 1.070 52.668 
VG-HC1-C3 2.036 80.858 3.571 141.819 0.806 40.007 
VG-HC1-B1 0.715 28.410 1.232 48.967 0.410 20.380 
VG-HC1-B2 0.600 23.843 1.183 47.010 0.424 21.061 
VG-HC1-B3 0.382 15.252 1.356 54.099 0.434 21.644 
VG-HC2-C1 18.124 723.385 35.175 1403.911 5.748 286.769 
VG-HC2-C2 21.847 860.626 32.473 1279.220 3.887 191.407 
VG-HC2-C3 22.400 888.008 32.452 1286.501 4.509 223.459 
VG-HC2-B1 2.148 85.218 10.555 418.849 3.525 174.851 
VG-HC2-B2 6.185 246.611 12.150 484.450 2.707 134.918 
VG-HC2-B3 4.791 190.346 9.770 388.161 2.314 114.894 
PF-LC1-C1 0.188 7.446 0.331 13.132 0.248 12.307 
PF-LC1-C2 0.230 9.064 0.406 16.021 0.260 12.850 
PF-LC1-C3 0.217 8.629 0.372 14.781 0.276 13.717 
PF-LC1-B1 0.231 9.178 0.473 18.817 0.298 14.822 
PF-LC1-B2 0.546 21.527 0.745 29.404 0.342 16.839 
PF-LC1-B3 0.470 18.713 0.874 34.802 0.333 16.590 
PF-LC2-C1 1.617 64.294 0.255 10.119 0.906 45.030 
PF-LC2-C2 2.299 91.466 0.425 16.913 0.637 31.699 
PF-LC2-C3 0.359 14.354 0.857 34.246 0.417 20.804 
PF-LC2-B1 0.166 6.552 0.226 8.915 0.345 16.972 
PF-LC2-B2 0.113 4.451 0.199 7.844 0.358 17.694 
PF-LC2-B3 0.132 5.240 0.210 8.329 0.361 17.889 
PF-HC1-C1 3.009 119.952 4.754 189.516 0.871 43.407 
PF-HC1-C2 2.793 111.054 3.998 158.966 0.720 35.790 
PF-HC1-C3 2.110 84.299 3.371 134.678 0.714 35.662 
PF-HC1-B1 1.813 71.168 2.767 108.616 0.589 28.896 
PF-HC1-B2 0.617 24.670 1.288 51.499 0.407 20.357 
PF-HC1-B3 0.866 34.182 1.632 64.417 0.549 27.062 
PF-HC2-C1 18.491 731.014 18.403 727.535 2.478 122.455 
PF-HC2-C2 19.488 775.642 30.324 1206.925 3.350 166.642 
PF-HC2-C3 19.915 788.713 36.078 1428.832 5.030 248.985 
PF-HC2-B1 6.540 259.010 24.935 987.525 3.307 163.688 
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Code 

Zn 

F1 F2 F3 

mg/L mg/kg mg/L mg/kg mg/L mg/kg 
PF-HC2-B2 6.450 254.137 11.970 471.631 2.027 99.833 
PF-HC2-B3 5.095 202.665 9.505 378.083 1.719 85.446 
MT-LC1-C1 0.168 6.635 0.276 10.869 0.424 20.915 
MT-LC1-C2 0.156 6.211 0.284 11.312 0.430 21.445 
MT-LC1-C3 0.208 8.160 0.408 16.048 0.432 21.210 
MT-LC1-B1 0.452 17.917 0.732 28.974 0.618 30.599 
MT-LC1-B2 0.466 18.581 0.846 33.717 0.583 29.071 
MT-LC1-B3 0.636 25.248 1.107 43.981 0.637 31.650 
MT-LC2-C1 1.610 63.398 2.628 103.485 1.020 50.207 
MT-LC2-C2 2.011 78.940 3.046 119.568 0.963 47.228 
MT-LC2-C3 0.798 31.683 1.271 50.437 0.639 31.677 
MT-LC2-B1 0.115 4.582 0.220 8.766 0.310 15.426 
MT-LC2-B2 0.153 6.024 0.243 9.565 0.366 18.021 
MT-LC2-B3 0.103 4.116 0.191 7.625 0.332 16.509 
MT-HC1-C1 2.599 103.361 4.173 165.957 1.446 71.883 
MT-HC1-C2 2.561 102.113 3.399 135.526 1.298 64.693 
MT-HC1-C3 2.213 88.449 3.304 132.054 1.286 64.249 
MT-HC1-B1 1.185 46.626 1.826 71.847 1.001 49.233 
MT-HC1-B2 0.547 21.763 0.990 39.383 0.787 39.154 
MT-HC1-B3 0.838 33.356 1.443 57.410 0.828 41.183 
MT-HC2-C1 18.540 738.351 31.270 1245.321 5.060 251.892 
MT-HC2-C2 11.500 459.632 35.570 1421.663 5.650 282.274 
MT-HC2-C3 17.580 700.259 34.690 1381.796 5.600 278.829 
MT-HC2-B1 5.383 214.505 10.340 412.034 2.855 142.210 
MT-HC2-B2 3.060 120.591 6.915 272.512 2.213 109.015 
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Appendix B 

Mass and Cd and Zn concentration of rice plant parts 
 

Table B-1: Mass and Cd and Zn concentration of rice plant parts 

 

Code Wet W. Dry W. 
Cd Zn 

ug/L mg/kg mg/L mg/kg 
VG-C-R1 0.4 0.2 1.079 0.127 10.833 1272.674 
VG-C-R2 0.4 0.05 1.674 1.556 1.448 1345.260 
VG-C-R3 1.3 0.5 1.018 0.129 6.135 775.993 
VG-C-R4 1.3 0.1 0.637 0.111 7.083 1229.688 
VG-C-R5 3.2 1.2 10.050 0.666 12.291 814.513 

VG-O1-1-R1 7.6 2.1 22.100 1.462 13.350 883.053 
VG-O1-1-R2 2.4 1.1 26.990 1.791 9.350 620.603 
VG-O1-1-R3 0.6 0.2 13.490 2.017 5.765 861.992 
VG-O1-1-R4 3.4 0.6 0.448 0.041 11.740 1061.867 
VG-O1-1-R5 1.6 0.7 0.616 0.045 10.790 792.101 
VG-O1-2-R1 3.7 1.3 20.590 1.366 12.155 806.676 
VG-O1-2-R2 1.4 1.3 0.413 0.027 13.890 920.965 
VG-O1-2-R3 4.0 1.5 1.264 0.084 14.330 948.379 
VG-O1-2-R4 0.8 0.2 1.598 0.124 12.930 1007.009 
VG-O1-2-R5 1.2 0.2 0.758 0.069 9.365 849.510 
VG-O1-3-R1 4.7 1.3 1.122 0.074 15.705 1039.791 
VG-O1-3-R2 7.0 2.3 0.684 0.045 14.290 948.242 
VG-O1-3-R3 4.0 1.4 0.276 0.018 10.590 701.696 
VG-O1-3-R4 1.8 0.6 0.328 0.030 8.800 795.948 
VG-O1-3-R5 5.2 1.9 0.224 0.015 11.900 791.644 
VG-O2-R1 0.6 0.2 0.216 0.039 4.065 731.115 
VG-O2-R2 1.1 0.3 0.419 0.100 4.161 993.553 
VG-O2-R3 2.3 0.3 0.160 0.043 3.278 882.131 
VG-O2-R4 1.5 0.4 0.172 0.019 6.635 728.640 
VG-O2-R5 2.1 0.9 14.890 1.098 12.060 889.249 
VG-C-T1 1.3 0.5 18.141 1.715 0.539 50.946 
VG-C-T2 0.5 0.05 14.360 8.853 0.287 176.757 
VG-C-T3 5.8 2 12.460 0.826 1.306 86.547 
VG-C-T4 4.7 0.7 19.660 1.305 1.887 125.299 
VG-C-T5 19.2 5.7 15.330 1.020 1.286 85.528 

VG-O1-1-T1 47.9 1.8 28.560 1.887 1.357 89.654 
VG-O1-1-T2 9.6 3.4 21.050 1.402 1.282 85.364 
VG-O1-1-T3 5.6 1.6 21.530 1.425 1.555 102.953 
VG-O1-1-T4 10.3 3.4 26.790 1.782 1.339 89.053 
VG-O1-1-T5 5.8 1.6 14.650 0.973 1.144 75.973 
VG-O1-2-T1 19.9 5.6 11.990 0.794 0.926 61.304 
VG-O1-2-T2 17.7 4.6 18.410 1.220 1.078 71.419 
VG-O1-2-T3 14.9 3.9 15.240 1.008 0.935 61.853 
VG-O1-2-T4 5.1 1.6 19.160 1.266 1.181 78.036 
VG-O1-2-T5 5.1 0.9 20.050 1.333 1.123 74.687 
VG-O1-3-T1 32.7 6.9 19.560 1.292 1.049 69.314 
VG-O1-3-T2 31.7 7.6 15.100 1.001 0.944 62.599 
VG-O1-3-T3 22.9 5.9 14.440 0.959 0.955 63.435 
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Code Wet W. Dry W. 
Cd Zn 

ug/L mg/kg mg/L mg/kg 
VG-O1-3-T4 9.6 2.7 15.710 1.047 1.026 68.364 
VG-O1-3-T5 15.4 4.4 15.160 1.009 0.817 54.317 
VG-O2-T1 2.2 0.7 21.160 1.408 0.869 57.811 
VG-O2-T2 6.9 1.8 27.070 1.803 1.621 107.952 
VG-O2-T3 2.1 0.3 6.652 0.849 0.391 49.860 
VG-O2-T4 4.2 0.9 17.870 1.180 1.066 70.363 
VG-O2-T5 10.4 2.5 9.322 0.619 0.790 52.457 
PF-C-R1 3.0 1.1 0.628 0.042 12.606 834.503 
PF-C-R2 7.7 4.4 2.189 0.144 15.285 1006.254 
PF-C-R3 19.5 2.4 0.972 0.064 12.417 821.447 
PF-C-R4 3.2 1.7 7.081 0.466 14.766 972.727 
PF-C-R5 3.7 1.8 19.550 1.301 16.035 1066.724 

PF-O1-1-R1 0.5 0.1 1.327 0.088 13.568 896.406 
PF-O1-1-R2 1.9 0.6 0.951 0.063 12.730 843.381 
PF-O1-1-R3 1.1 0.3 0.920 0.071 15.915 1219.727 
PF-O1-1-R4 0.7 0.1 0.233 0.025 8.520 928.509 
PF-O1-1-R5 3.7 1.7 1.181 0.078 14.920 983.650 
PF-O1-2-R1 8.8 3.4 4.792 0.318 26.615 1764.920 
PF-O1-2-R2 4.3 2.3 17.480 1.160 14.815 983.209 
PF-O1-2-R3 1.8 1.1 0.329 0.025 10.955 841.010 
PF-O1-2-R4 2.2 0.9 0.356 0.023 13.300 876.730 
PF-O1-2-R5 6.6 4 3.073 0.203 24.605 1621.951 
PF-O1-3-R1 - - - - - - 
PF-O1-3-R2 3.6 1.5 18.550 1.231 16.415 1089.106 
PF-O1-3-R3 13.6 9.3 9.723 0.641 20.340 1341.689 
PF-O1-3-R4 2.9 1.1 22.100 1.460 11.370 751.189 
PF-O1-3-R5 - - - - - - 
PF-O2-R1 2.6 1.2 13.970 0.927 12.920 857.332 
PF-O2-R2 1.4 0.7 0.188 0.030 6.875 1098.243 
PF-O2-R3 4.8 2.1 10.240 0.682 9.311 619.742 
PF-O2-R4 - - - - - - 
PF-O2-R5 3.7 1.9 11.140 0.741 14.480 963.022 
PF-C-T1 16.4 8.4 9.469 0.631 0.957 63.793 
PF-C-T2 39.5 19.3 14.500 0.965 0.916 60.931 
PF-C-T3 14.0 7.5 6.739 0.445 0.594 39.214 
PF-C-T4 21.5 12.9 11.390 0.753 0.824 54.440 
PF-C-T5 20.1 9.6 12.740 0.845 0.921 61.085 

PF-O1-1-T1 2.2 1.3 15.980 1.059 1.687 111.840 
PF-O1-1-T2 12.8 4.4 9.391 0.619 0.803 52.911 
PF-O1-1-T3 4.6 2.4 9.884 0.651 0.639 42.097 
PF-O1-1-T4 5.9 2.4 7.872 0.522 0.651 43.122 
PF-O1-1-T5 39.8 16.9 15.940 1.056 - 0.000 
PF-O1-2-T1 80.4 22 16.960 1.127 0.653 43.420 
PF-O1-2-T2 21.5 11.1 7.358 0.489 1.321 87.821 
PF-O1-2-T3 8.6 2.3 10.460 0.690 0.624 41.204 
PF-O1-2-T4 32.4 16.2 6.680 0.443 0.931 61.714 
PF-O1-2-T5 34.9 16.8 15.310 1.014 0.525 34.773 
PF-O1-3-T1 17.9 8.6 9.637 0.639 0.963 63.902 
PF-O1-3-T2 24.5 12 13.590 0.903 0.654 43.462 
PF-O1-3-T3 51.3 22.4 10.800 0.719 1.006 67.004 
PF-O1-3-T4 9.9 4.7 6.501 0.432 0.675 44.847 
PF-O1-3-T5 - - - - - - 
PF-O2-T1 11.0 5 12.630 0.840 0.670 44.560 
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Code Wet W. Dry W. 
Cd Zn 

ug/L mg/kg mg/L mg/kg 
PF-O2-T2 2.3 1.1 12.710 0.837 0.768 50.573 
PF-O2-T3 15.2 4.3 10.810 0.716 0.562 37.204 
PF-O2-T4 - - - - - - 
PF-O2-T5 28.8 3.7 11.360 0.752 0.506 33.501 
PF-C-P1 2.1 1.2 50.000 3.317 0.637 42.251 
PF-C-P2 4.5 2.7 50.000 3.325 1.138 75.685 
PF-C-P3 - - - - - - 
PF-C-P4 4.1 3 50.000 3.323 0.724 48.119 
PF-C-P5 - - - - - - 

PF-O1-1-P1 - - - - - - 
PF-O1-1-P2 0.8 0.3 1.882 0.336 0.261 46.502 
PF-O1-1-P3 - - - - - - 
PF-O1-1-P4 0.4 0.3 0.149 0.033 0.590 129.617 
PF-O1-1-P5 5.5 2.9 17.960 1.194 0.780 51.841 
PF-O1-2-P1 13.3 7.3 14.520 0.966 0.439 29.222 
PF-O1-2-P2 2.2 1.8 1.925 0.128 0.572 38.076 
PF-O1-2-P3 - - - - - - 
PF-O1-2-P4 1.5 0.7 2.593 0.172 0.540 35.861 
PF-O1-2-P5 5.9 3.4 10.770 0.712 0.625 41.362 
PF-O1-3-P1 1.2 0.7 6.297 0.538 0.482 41.218 
PF-O1-3-P2 1.6 1.2 15.590 1.038 0.827 55.027 
PF-O1-3-P3 10.1 6.4 7.831 0.518 0.713 47.136 
PF-O1-3-P4 0.7 0.3 0.496 0.098 0.209 41.482 
PF-O1-3-P5 - - - - - - 
PF-O2-P1 0.7 0.4 2.483 0.381 0.408 62.696 
PF-O2-P2 - - - - - - 
PF-O2-P3 2.2 0.3 3.467 0.390 0.266 29.944 
PF-O2-P4 - - - - - - 
PF-O2-P5 3.0 2.3 8.332 0.553 0.678 44.995 
MT-C-R1 8.0 1.7 20.260 1.338 12.498 825.604 
MT-C-R2 16.9 1.6 26.910 1.785 9.462 627.787 
MT-C-R3 12.4 3.4 16.700 1.112 15.060 1002.396 
MT-C-R4 3.8 2 20.040 1.325 12.732 841.841 
MT-C-R5 3.7 1.1 19.740 1.307 8.601 569.376 

MT-O1-1-R1 3.4 0.8 19.850 1.942 13.530 1323.616 
MT-O1-1-R2 12.4 2.2 18.735 1.243 25.205 1671.641 
MT-O1-1-R3 5.8 1.5 18.230 1.210 19.080 1265.924 
MT-O1-1-R4 17.1 3.3 15.842 1.047 22.780 1504.822 
MT-O1-1-R5 6.4 1.8 16.910 1.122 17.320 1149.303 
MT-O1-2-R1 4.7 2.6 16.020 1.065 18.250 1213.270 
MT-O1-2-R2 16.1 2.8 15.870 1.048 17.570 1160.502 
MT-O1-2-R3 18.7 3.4 17.750 1.175 16.465 1090.109 
MT-O1-2-R4 1.7 0.7 19.600 2.151 7.255 796.378 
MT-O1-2-R5 11.4 1.6 16.250 1.072 12.875 849.611 
MT-O1-3-R1 4.1 2.1 13.560 0.902 18.090 1203.753 
MT-O1-3-R2 19.5 4.1 13.640 0.905 23.045 1528.183 
MT-O1-3-R3 19.8 3.5 17.270 1.149 15.600 1037.924 
MT-O1-3-R4 2.1 0.2 18.910 3.101 10.890 1785.831 
MT-O1-3-R5 - - - - - - 
MT-O2-R1 21.1 2.7 24.700 1.640 16.400 1089.122 
MT-O2-R2 2.3 0.6 21.900 3.008 7.933 1089.698 
MT-O2-R3 1.7 1.7 13.710 0.909 13.730 910.598 
MT-O2-R4 9.6 1.3 15.690 1.044 13.810 918.585 
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Code Wet W. Dry W. 
Cd Zn 

ug/L mg/kg mg/L mg/kg 
MT-O2-R5 5.4 4.7 16.840 1.110 21.400 1410.493 
MT-C-T1 7.7 6.3 21.300 1.417 0.910 60.535 
MT-C-T2 9.1 5.2 13.160 0.871 0.837 55.367 
MT-C-T3 45.7 23.4 25.850 1.709 1.457 96.311 
MT-C-T4 25.1 16.6 0.877 0.058 0.673 44.556 
MT-C-T5 20.9 10.3 0.412 0.027 1.132 75.086 

MT-O1-1-T1 18.8 5.3 8.535 0.569 0.521 34.672 
MT-O1-1-T2 26.3 8.2 18.650 1.240 0.875 58.179 
MT-O1-1-T3 21.3 6.7 22.720 1.511 1.384 92.021 
MT-O1-1-T4 77.9 20.5 26.900 1.773 1.402 92.395 
MT-O1-1-T5 15.7 6 8.275 0.549 0.539 35.695 
MT-O1-2-T1 21.4 8.4 6.513 0.430 0.385 25.436 
MT-O1-2-T2 41.9 10.8 21.850 1.447 1.030 68.212 
MT-O1-2-T3 52.8 15 13.630 0.905 0.902 59.896 
MT-O1-2-T4 5.0 1.5 9.466 0.631 0.596 39.728 
MT-O1-2-T5 20.5 5.1 16.860 1.122 0.698 46.426 
MT-O1-3-T1 26.1 11.5 7.122 0.473 0.449 29.810 
MT-O1-3-T2 35.1 14 23.650 1.568 1.287 85.334 
MT-O1-3-T3 59.0 13 12.300 0.819 0.664 44.211 
MT-O1-3-T4 18.2 7.5 19.360 1.282 1.219 80.696 
MT-O1-3-T5 21.3 5.2 18.520 1.229 1.224 81.210 
MT-O2-T1 41.6 11.7 18.790 1.250 0.806 53.598 
MT-O2-T2 7.0 2.7 10.290 0.684 0.718 47.708 
MT-O2-T3 16.6 6.7 21.090 1.396 1.464 96.915 
MT-O2-T4 13.2 3.9 15.410 1.027 1.064 70.886 
MT-O2-T5 20.6 17.7 24.710 1.636 0.955 63.223 
MT-C-G1 12.6 4.8 2.299 0.153 0.321 21.375 
MT-C-G2 5.4 1.8 2.581 0.212 0.864 70.870 
MT-C-G3 15.6 7.6 9.460 0.627 0.759 50.325 
MT-C-G4 18.0 7 4.885 0.324 0.463 30.728 
MT-C-G5 6.4 2.1 4.791 0.317 0.552 36.576 

MT-O1-1-G1 6.0 3.7 2.179 0.145 0.306 20.283 
MT-O1-1-G2 5.9 4 4.880 0.325 0.472 31.438 
MT-O1-1-G3 2.8 1.4 3.077 0.204 0.573 37.877 
MT-O1-1-G4 13.2 7.6 12.140 0.805 0.603 39.967 
MT-O1-1-G5 6.4 3.6 1.041 0.069 0.307 20.391 
MT-O1-2-G1 11.8 8.2 1.146 0.076 0.355 23.568 
MT-O1-2-G2 7.4 5 11.390 0.756 0.496 32.893 
MT-O1-2-G3 11.2 6 2.877 0.191 0.573 38.090 
MT-O1-2-G4 2.1 0.8 0.346 0.150 0.116 50.565 
MT-O1-2-G5 3.7 2.1 2.403 0.160 0.348 23.077 
MT-O1-3-G1 11.8 8.4 1.444 0.096 0.359 23.870 
MT-O1-3-G2 10.3 6.5 10.900 0.725 0.608 40.443 
MT-O1-3-G3 16.2 7.1 1.164 0.077 0.398 26.469 
MT-O1-3-G4 1.6 0.8 7.667 0.620 0.598 48.382 
MT-O1-3-G5 - - - - - - 
MT-O2-G1 8.4 5.2 6.319 0.418 0.417 27.636 
MT-O2-G2 0.5 0.3 2.989 0.322 0.359 38.598 
MT-O2-G3 3.3 1.6 4.116 0.273 0.471 31.282 
MT-O2-G4 4.5 2.6 3.707 0.246 0.304 20.207 
MT-O2-G5 37.1 15.3 11.120 0.738 0.369 24.469 
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Table B-2: Mass and Cd and Zn concentration of rice plant parts for field experiment 

 

Code Wet W. Dry W. 
Cd Zn 

mg/L mg/kg mg/L mg/kg 

VG-LC1-C-R1 45.5 6.6 0.004 0.2655 1.677 111.3102 

VG-LC1-C-R2 40.9 5.8 0.009 0.5961 2.142 141.8731 

VG-LC1-C-R3 42.0 5.9 0.008 0.5270 2.095 138.0105 

VG-LC1-C-R4 68.7 8.8 0.004 0.2637 0.968 63.8102 

VG-LC1-C-R5 54.2 8.4 0.008 0.5318 1.003 66.6711 

VG-LC1-O-R1 63.8 8.4 0.012 0.7941 1.816 120.1694 

VG-LC1-O-R2 66.7 9.3 0.007 0.4643 1.101 73.0300 

VG-LC1-O-R3 76.1 12.1 0.016 1.0574 1.305 86.2411 

VG-LC1-O-R4 72.8 9.4 0.028 1.8632 2.008 133.6172 

VG-LC1-O-R5 51.5 7.0 0.012 0.7954 1.383 91.6744 

VG-LC2-C-R1 46.9 5.5 0.018 1.1864 1.763 116.2009 

VG-LC2-C-R2 92.6 11.0 0.017 1.1270 2.041 135.3089 

VG-LC2-C-R3 52.4 10.9 0.025 1.6523 1.748 115.5321 

VG-LC2-C-R4 75.9 11.2 0.009 0.5927 1.107 72.8961 

VG-LC2-C-R5 52.2 8.9 0.008 0.5311 1.017 67.5209 

VG-LC2-O-R1 66.6 6.7 0.005 0.3326 1.158 77.0254 

VG-LC2-O-R2 64.1 6.6 0.004 0.2655 1.255 83.3001 

VG-LC2-O-R3 64.5 10.2 0.006 0.3986 1.144 75.9931 

VG-LC2-O-R4 69.3 7.8 0.009 0.5983 1.307 86.8900 

VG-LC2-O-R5 83.3 10.1 0.005 0.3317 1.384 91.8015 

VG-HC1-C-R1 39.3 7.1 0.142 9.4440 2.700 179.5690 

VG-HC1-C-R2 40.1 8.6 0.073 4.8531 2.210 146.9220 

VG-HC1-C-R3 40.2 8.8 0.223 14.7565 2.360 156.1673 

VG-HC1-C-R4 41.0 8.9 0.151 9.9881 2.280 150.8136 

VG-HC1-C-R5 34.3 6.9 0.119 7.9196 2.250 149.7404 

VG-HC1-O-R1 37.4 5.5 0.216 14.2311 2.110 139.0170 

VG-HC1-O-R2 52.8 9.1 0.131 8.6732 2.520 166.8432 

VG-HC1-O-R3 46.9 9.5 0.190 12.5745 1.940 128.3918 

VG-HC1-O-R4 34.1 7.1 0.170 11.2034 1.860 122.5781 

VG-HC1-O-R5 38.6 5.7 0.201 13.2568 2.060 135.8660 

VG-HC2-C-R1 45.8 5.4 0.642 42.6351 7.780 516.6689 

VG-HC2-C-R2 24.1 3.0 0.183 12.1272 6.800 450.6296 

VG-HC2-C-R3 29.4 4.1 0.210 13.8285 6.850 451.0734 

VG-HC2-C-R4 54.6 7.0 0.637 42.2470 7.290 483.4859 

VG-HC2-C-R5 37.1 5.2 0.194 12.7968 6.850 451.8470 

VG-HC2-O-R1 47.3 6.2 0.184 12.1100 4.050 266.5526 

VG-HC2-O-R2 38.4 5.5 0.070 4.6150 3.780 249.2089 

VG-HC2-O-R3 42.8 5.5 0.291 19.2741 4.030 266.9228 

VG-HC2-O-R4 46.4 5.9 0.235 15.5712 3.690 244.5004 

VG-HC2-O-R5 60.2 9.3 0.177 11.7234 3.390 224.5331 
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Code Wet W. Dry W. 
Cd Zn 

mg/L mg/kg mg/L mg/kg 

VG-LC1-C-T1 126.8 26.7 0.0020 0.1327 0.704 46.7277 

VG-LC1-C-T2 93.4 22.7 0.0005 0.0330 0.528 34.8021 

VG-LC1-C-T3 84.6 18.8 0.0005 0.0330 0.533 35.2153 

VG-LC1-C-T4 204.8 39.3 0.0005 0.0331 0.446 29.4751 

VG-LC1-C-T5 134.1 27.2 0.0005 0.0330 0.439 28.9585 

VG-LC1-O-T1 172.4 33.6 0.0005 0.0330 0.459 30.2241 

VG-LC1-O-T2 163.3 33.0 0.0005 0.0331 0.459 30.3957 

VG-LC1-O-T3 153.9 31.0 0.0005 0.0331 0.581 38.3893 

VG-LC1-O-T4 130.8 22.7 0.0005 0.0330 0.470 31.0181 

VG-LC1-O-T5 93.4 22.9 0.0005 0.0330 0.471 31.1220 

VG-LC2-C-T1 273.4 42.5 0.0030 0.1988 0.582 38.5951 

VG-LC2-C-T2 465.7 82.1 0.0030 0.1980 0.508 33.5094 

VG-LC2-C-T3 203.9 39.3 0.0020 0.1325 0.658 43.5604 

VG-LC2-C-T4 240.4 42.2 0.0005 0.0332 0.562 37.2811 

VG-LC2-C-T5 164.0 35.2 0.0005 0.0330 0.444 29.2612 

VG-LC2-O-T1 231.9 38.3 0.0005 0.0332 0.581 38.6278 

VG-LC2-O-T2 160.0 28.1 0.0005 0.0329 0.570 37.5395 

VG-LC2-O-T3 203.0 40.0 0.0005 0.0331 0.493 32.6755 

VG-LC2-O-T4 216.9 35.5 0.0020 0.1317 0.589 38.7887 

VG-LC2-O-T5 214.1 40.6 0.0005 0.0332 0.553 36.6578 

VG-HC1-C-T1 206.0 37.6 0.076 5.0125 1.030 67.9330 

VG-HC1-C-T2 219.6 43.5 0.109 7.2435 0.770 51.1696 

VG-HC1-C-T3 151.2 32.8 0.134 8.8930 0.800 53.0926 

VG-HC1-C-T4 185.0 41.7 0.195 12.9071 0.880 58.2473 

VG-HC1-C-T5 173.8 36.0 0.192 12.7439 0.800 53.0997 

VG-HC1-O-T1 106.5 21.8 0.170 11.2019 0.760 50.0791 

VG-HC1-O-T2 177.6 35.9 0.127 8.4262 0.710 47.1072 

VG-HC1-O-T3 111.4 26.2 0.072 4.7936 0.770 51.2650 

VG-HC1-O-T4 144.8 31.8 0.202 13.3917 1.460 96.7913 

VG-HC1-O-T5 100.3 25.5 0.080 5.3206 0.750 49.8803 

VG-HC2-C-T1 125.8 23.6 0.227 15.0871 2.340 155.5231 

VG-HC2-C-T2 110.4 20.0 0.194 12.8104 0.770 50.8452 

VG-HC2-C-T3 143.8 28.2 0.035 2.3200 1.470 97.4413 

VG-HC2-C-T4 142.2 26.7 0.117 7.7803 1.710 113.7119 

VG-HC2-C-T5 182.4 32.0 0.060 3.9756 0.960 63.6099 

VG-HC2-O-T1 158.5 28.8 0.155 10.3141 0.880 58.5574 

VG-HC2-O-T2 151.6 28.3 0.181 11.9157 0.780 51.3496 

VG-HC2-O-T3 154.4 27.8 0.086 5.6871 0.920 60.8385 

VG-HC2-O-T4 132.1 25.6 0.157 10.4319 0.760 50.4983 

VG-HC2-O-T5 261.6 47.3 0.132 8.7440 0.800 52.9942 

PF-LC1-C-R1 74.7 13.8 0.003 0.1789 1.260 83.4437 

PF-LC1-C-R2 46.2 10.5 0.004 0.2546 1.289 85.1050 
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Code Wet W. Dry W. 
Cd Zn 

mg/L mg/kg mg/L mg/kg 

PF-LC1-C-R3 54.2 11.8 0.024 1.6133 1.357 90.1661 

PF-LC1-C-R4 88.8 26.5 0.002 0.1084 1.005 66.7685 

PF-LC1-C-R5 88.4 10.8 0.002 0.1025 1.172 77.2985 

PF-LC1-O-R1 89.4 15.1 0.014 0.9397 1.363 90.1336 

PF-LC1-O-R2 108.4 15.1 0.003 0.2262 0.982 64.9808 

PF-LC1-O-R3 69.6 10.8 0.004 0.2749 1.782 117.7792 

PF-LC1-O-R4 79.2 15.3 0.005 0.3088 1.638 108.4625 

PF-LC1-O-R5 74.0 9.1 0.002 0.1626 0.949 62.6469 

PF-LC2-C-R1 157.3 28.9 0.016 1.0377 1.564 104.1001 

PF-LC2-C-R2 231.5 28.9 0.035 2.3338 3.397 224.0765 

PF-LC2-C-R3 87.7 14.4 0.003 0.2002 0.795 52.6692 

PF-LC2-C-R4 167.3 23.8 0.003 0.2320 0.749 49.7279 

PF-LC2-C-R5 133.7 22.0 0.005 0.3582 1.279 84.8031 

PF-LC2-O-R1 105.7 14.0 0.002 0.1396 0.547 36.0792 

PF-LC2-O-R2 215.6 39.0 0.004 0.2931 0.924 61.2179 

PF-LC2-O-R3 70.2 10.9 0.006 0.3697 0.877 57.9992 

PF-LC2-O-R4 96.3 12.4 0.004 0.2337 0.671 44.3452 

PF-LC2-O-R5 117.1 20.9 0.002 0.1342 0.636 41.9889 

PF-HC1-C-R1 132.3 16.0 0.004 0.2978 2.467 163.3558 

PF-HC1-C-R2 154.4 27.2 0.032 2.1490 2.566 170.5663 

PF-HC1-C-R3 99.5 15.1 0.006 0.3866 2.627 174.0427 

PF-HC1-C-R4 162.4 23.0 0.005 0.3175 2.287 152.0612 

PF-HC1-C-R5 144.7 19.5 0.018 1.2114 2.220 147.1953 

PF-HC1-O-R1 131.1 18.1 0.005 0.3221 1.947 129.5065 

PF-HC1-O-R2 101.8 16.0 0.016 1.0880 2.301 152.7483 

PF-HC1-O-R3 105.3 13.8 0.023 1.5009 2.807 186.8344 

PF-HC1-O-R4 109.1 12.9 0.005 0.3503 1.796 118.7674 

PF-HC1-O-R5 96.1 15.6 0.018 1.1862 1.631 107.8418 

PF-HC2-C-R1 92.9 18.3 1.885 125.3491 7.144 475.0632 

PF-HC2-C-R2 78.6 12.4 0.030 1.9870 4.856 320.0211 

PF-HC2-C-R3 62.1 13.8 0.652 43.4079 10.570 703.8221 

PF-HC2-C-R4 71.9 12.5 0.866 57.3092 8.521 563.6328 

PF-HC2-C-R5 182.7 20.7 1.383 91.8449 16.680 1107.7168 

PF-HC2-O-R1 85.6 16.5 0.753 49.6113 5.467 360.1449 

PF-HC2-O-R2 132.2 19.5 0.620 41.2320 5.097 339.0766 

PF-HC2-O-R3 188.5 33.4 1.434 94.9292 7.221 478.0220 

PF-HC2-O-R4 97.0 12.6 0.479 31.8587 4.729 314.5955 

PF-HC2-O-R5 117.7 17.0 0.466 30.9796 4.155 276.5207 

PF-LC1-C-T1 493.9 128.4 0.008 0.5321 0.854 56.8037 

PF-LC1-C-T2 319.8 93.3 0.005 0.3326 0.691 45.9353 

PF-LC1-C-T3 340.6 98.5 0.015 0.9919 1.146 75.7836 

PF-LC1-C-T4 652.1 194.0 0.001 0.0330 0.514 33.8899 
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Code Wet W. Dry W. 
Cd Zn 

mg/L mg/kg mg/L mg/kg 

PF-LC1-C-T5 470.1 116.9 0.001 0.0664 0.458 30.4143 

PF-LC1-O-T1 517.6 143.5 0.008 0.5295 0.803 53.1171 

PF-LC1-O-T2 295.2 78.6 0.001 0.0662 0.458 30.2806 

PF-LC1-O-T3 490.9 129.1 0.003 0.1983 0.820 54.2036 

PF-LC1-O-T4 631.9 171.3 0.001 0.0661 0.543 35.8530 

PF-LC1-O-T5 433.3 118.4 0.001 0.0329 0.266 17.5405 

PF-LC2-C-T1 1045.7 272.0 0.002 0.1329 0.445 29.5415 

PF-LC2-C-T2 1194.1 295.3 0.001 0.0661 0.502 33.1417 

PF-LC2-C-T3 456.7 141.4 0.001 0.0663 0.491 32.5222 

PF-LC2-C-T4 700.9 211.1 0.001 0.0333 0.407 27.1105 

PF-LC2-C-T5 549.6 173.0 0.001 0.0662 0.410 27.1175 

PF-LC2-O-T1 643.7 176.8 0.001 0.0329 0.370 24.3544 

PF-LC2-O-T2 724.3 250.0 0.001 0.0330 0.428 28.2551 

PF-LC2-O-T3 517.8 145.2 0.004 0.2636 0.476 31.3604 

PF-LC2-O-T4 495.2 131.4 0.001 0.0662 0.573 37.9402 

PF-LC2-O-T5 555.5 179.5 0.002 0.1317 0.513 33.7724 

PF-HC1-C-T1 694.5 180.9 0.001 0.0662 0.516 34.1141 

PF-HC1-C-T2 655.7 201.6 0.001 0.0658 0.625 41.1532 

PF-HC1-C-T3 392.8 106.8 0.001 0.0664 0.670 44.5389 

PF-HC1-C-T4 754.1 212.4 0.001 0.0665 0.532 35.3629 

PF-HC1-C-T5 564.5 160.4 0.001 0.0330 0.453 29.9300 

PF-HC1-O-T1 640.1 187.1 0.001 0.0663 0.540 35.8214 

PF-HC1-O-T2 277.1 77.3 0.004 0.2639 0.947 62.4621 

PF-HC1-O-T3 389.1 102.1 0.003 0.1993 0.839 55.7386 

PF-HC1-O-T4 325.7 84.5 0.001 0.0662 0.571 37.8110 

PF-HC1-O-T5 368.6 90.3 0.005 0.3333 0.902 60.1120 

PF-HC2-C-T1 570.3 185.2 0.030 1.9957 1.507 100.2528 

PF-HC2-C-T2 575.7 162.4 0.009 0.5979 0.773 51.3553 

PF-HC2-C-T3 565.6 182.7 0.029 1.9308 1.340 89.2144 

PF-HC2-C-T4 546.0 168.3 0.030 1.9868 1.138 75.3642 

PF-HC2-C-T5 671.7 180.4 0.018 1.1927 1.059 70.1696 

PF-HC2-O-T1 669.7 196.8 0.012 0.7974 0.733 48.6975 

PF-HC2-O-T2 636.3 184.4 0.021 1.3894 0.691 45.7126 

PF-HC2-O-T3 754.4 252.8 0.003 0.1989 1.085 71.9210 

PF-HC2-O-T4 525.7 160.4 0.002 0.1317 0.695 45.7911 

PF-HC2-O-T5 471.4 163.1 0.005 0.3298 0.516 34.0567 

PF-LC1-C-P1 41.7 19.1 0.001 0.0660 0.402 26.5347 

PF-LC1-C-P2 28.5 13.8 0.001 0.0660 0.343 22.6390 

PF-LC1-C-P3 25.2 11.8 0.004 0.2660 0.478 31.8127 

PF-LC1-C-P4 59.0 26.9 0.001 0.0331 0.352 23.2976 

PF-LC1-C-P5 47.4 17.0 0.001 0.0330 0.383 25.2575 

PF-LC1-O-P1 51.7 22.5 0.002 0.1329 0.410 27.2594 
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Code Wet W. Dry W. 
Cd Zn 

mg/L mg/kg mg/L mg/kg 

PF-LC1-O-P2 26.5 11.1 0.001 0.0330 0.340 22.4865 

PF-LC1-O-P3 49.4 19.8 0.001 0.0659 0.437 28.8294 

PF-LC1-O-P4 65.3 27.4 0.001 0.0331 0.434 28.7028 

PF-LC1-O-P5 38.0 15.8 0.001 0.0331 0.408 26.9898 

PF-LC2-C-P1 71.7 25.4 0.001 0.0332 0.350 23.2877 

PF-LC2-C-P2 81.9 32.2 0.001 0.0331 0.426 28.1912 

PF-LC2-C-P3 35.4 16.6 0.002 0.1319 0.497 32.7509 

PF-LC2-C-P4 45.1 19.1 0.001 0.0333 0.435 28.9127 

PF-LC2-C-P5 43.2 19.4 0.001 0.0331 0.358 23.6978 

PF-LC2-O-P1 54.7 22.0 0.001 0.0331 0.364 24.0959 

PF-LC2-O-P2 62.0 31.7 0.001 0.0332 0.424 28.1503 

PF-LC2-O-P3 39.2 16.9 0.002 0.1320 0.377 24.8680 

PF-LC2-O-P4 40.4 18.2 0.001 0.0331 0.409 27.0626 

PF-LC2-O-P5 36.5 19.8 0.001 0.0662 0.434 28.7720 

PF-HC1-C-P1 48.1 19.7 0.002 0.1327 0.426 28.2652 

PF-HC1-C-P2 61.9 27.2 0.001 0.0333 0.408 27.1602 

PF-HC1-C-P3 39.3 15.5 0.001 0.0663 0.611 40.5533 

PF-HC1-C-P4 60.2 25.2 0.001 0.0662 0.493 32.6314 

PF-HC1-C-P5 49.8 22.2 0.001 0.0664 0.460 30.5807 

PF-HC1-O-P1 84.8 14.8 0.001 0.0333 0.316 21.0603 

PF-HC1-O-P2 41.1 36.4 0.002 0.1320 0.479 31.5991 

PF-HC1-O-P3 44.7 17.8 0.002 0.1332 0.484 32.2347 

PF-HC1-O-P4 33.8 13.9 0.003 0.1997 0.474 31.5296 

PF-HC1-O-P5 46.7 19.0 0.002 0.1324 0.465 30.7494 

PF-HC2-C-P1 54.1 25.4 0.010 0.6650 0.581 38.6355 

PF-HC2-C-P2 51.5 22.1 0.003 0.1983 0.498 32.9102 

PF-HC2-C-P3 45.5 22.0 0.010 0.6616 0.746 49.3715 

PF-HC2-C-P4 53.8 26.4 0.014 0.9292 0.616 40.9000 

PF-HC2-C-P5 46.4 19.6 0.003 0.1987 0.424 28.0766 

PF-HC2-O-P1 59.8 26.9 0.005 0.3293 0.478 31.4895 

PF-HC2-O-P2 36.9 23.3 0.001 0.0660 0.440 29.0116 

PF-HC2-O-P3 58.6 32.3 0.004 0.2636 0.421 27.7646 

PF-HC2-O-P4 48.2 21.6 0.002 0.1325 0.359 23.8007 

PF-HC2-O-P5 39.2 20.0 0.001 0.0659 0.397 26.1475 

 MT-LC1-C-R1 47.8 18.5 0.004 0.2480 1.157 77.0511 

MT-LC1-C-R2 41.5 19.0 0.005 0.3252 1.177 84.4288 

MT-LC1-C-R3 36.6 16.1 0.005 0.3521 1.459 98.5419 

MT-LC1-C-R4 47.0 18.9 0.005 0.3169 0.840 55.3666 

MT-LC1-C-R5 35.5 18.9 0.021 1.3880 1.300 86.5397 

MT-LC1-O-R1 37.0 16.6 0.003 0.1785 1.405 92.8005 

MT-LC1-O-R2 53.6 18.1 0.004 0.2554 1.092 72.3370 

MT-LC1-O-R3 43.3 16.9 0.024 1.6088 2.398 158.8921 
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Code Wet W. Dry W. 
Cd Zn 

mg/L mg/kg mg/L mg/kg 

MT-LC1-O-R4 42.5 21.7 0.002 0.1084 1.727 114.7508 

MT-LC1-O-R5 57.2 20.3 0.002 0.1026 1.387 91.5391 

MT-LC2-C-R1 90.1 30.5 0.002 0.1032 2.669 176.9894 

MT-LC2-C-R2 92.5 32.4 0.037 2.4723 1.875 123.7787 

MT-LC2-C-R3 76.9 21.4 0.002 0.1656 1.515 100.6377 

MT-LC2-C-R4 87.2 30.9 0.038 2.5220 0.866 57.6805 

MT-LC2-C-R5 42.8 19.6 0.003 0.1703 0.777 51.4017 

MT-LC2-O-R1 57.2 21.6 0.016 1.0367 0.658 43.7226 

MT-LC2-O-R2 40.2 17.7 0.035 2.3427 1.043 69.0637 

MT-LC2-O-R3 45.8 20.4 0.003 0.1991 1.256 82.7078 

MT-LC2-O-R4 52.1 18.4 0.003 0.2324 0.927 61.6193 

MT-LC2-O-R5 55.9 21.4 0.005 0.3560 1.148 75.6358 

MT-HC1-C-R1 68.8 17.9 0.002 0.2106 1.663 165.6045 

MT-HC1-C-R2 56.4 21.1 0.004 0.4419 1.512 151.0188 

MT-HC1-C-R3 87.1 23.3 0.006 0.5581 1.571 156.9117 

MT-HC1-C-R4 53.8 17.4 0.004 0.3514 1.388 138.0270 

MT-HC1-C-R5 67.5 21.0 0.002 0.2011 1.464 144.7499 

MT-HC1-O-R1 36.1 16.7 0.004 0.4476 1.218 121.2423 

MT-HC1-O-R2 30.0 12.9 0.032 3.1934 1.159 114.4804 

MT-HC1-O-R3 43.0 16.1 0.006 0.5780 1.638 162.2425 

MT-HC1-O-R4 73.1 20.6 0.005 0.4708 1.200 118.3199 

MT-HC1-O-R5 28.6 13.0 0.018 1.8004 1.371 135.1005 

MT-HC2-C-R1 68.7 19.5 0.005 4.8217 6.885 685.6204 

MT-HC2-C-R2 42.4 15.6 0.016 16.1925 7.056 697.0954 

MT-HC2-C-R3 57.3 19.2 0.023 22.4691 5.436 541.6501 

MT-HC2-C-R4 47.0 17.5 0.005 5.2498 5.268 522.1011 

MT-HC2-C-R5 49.2 16.3 0.018 17.7553 6.780 671.0214 

MT-HC2-O-R1 37.5 16.7 0.144 14.3055 2.932 290.4300 

MT-HC2-O-R2 58.6 18.0 0.090 9.0082 2.354 234.8932 

MT-HC2-O-R3 63.2 21.5 0.102 10.6605 3.063 319.5021 

MT-HC2-O-R4 45.7 19.2 0.082 8.1635 1.894 189.2386 

MT-HC2-O-R5 66.3 24.6 0.130 12.7332 3.462 339.8783 

MT-LC1-C-T1 303.9 89.6 0.008 0.5377 1.023 67.7483 

MT-LC1-C-T2 284.9 92.8 0.002 0.1609 0.876 57.6847 

MT-LC1-C-T3 193.7 53.6 0.003 0.2161 1.087 71.8725 

MT-LC1-C-T4 380.6 119.7 0.001 0.0542 0.721 47.9269 

MT-LC1-C-T5 277.5 78.2 0.003 0.2122 0.910 60.1242 

MT-LC1-O-T1 330.7 108.5 0.004 0.2371 1.579 104.2657 

MT-LC1-O-T2 251.7 82.6 0.001 0.0708 0.655 43.1187 

MT-LC1-O-T3 210.8 61.7 0.001 0.0647 0.956 63.4457 

MT-LC1-O-T4 358.1 113.8 0.001 0.0891 0.860 57.1761 

MT-LC1-O-T5 268.9 78.0 0.003 0.2015 0.248 16.4346 
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Code Wet W. Dry W. 
Cd Zn 

mg/L mg/kg mg/L mg/kg 

MT-LC2-C-T1 758.1 246.3 0.002 0.1154 0.594 39.4922 

MT-LC2-C-T2 787.3 293.4 0.001 0.0462 0.637 42.4019 

MT-LC2-C-T3 437.8 138.9 0.018 1.2201 0.829 55.1330 

MT-LC2-C-T4 390.3 141.7 0.001 0.0350 0.514 34.2572 

MT-LC2-C-T5 327.1 106.2 0.000 0.0141 0.406 27.4772 

MT-LC2-O-T1 394.9 120.0 0.005 0.3282 0.509 33.7850 

MT-LC2-O-T2 264.1 82.2 0.004 0.2526 0.790 52.3100 

MT-LC2-O-T3 282.0 93.5 0.015 1.0003 1.005 66.5739 

MT-LC2-O-T4 292.8 94.0 0.004 0.2964 0.645 42.5545 

MT-LC2-O-T5 362.2 129.9 0.006 0.4253 0.759 50.4120 

MT-HC1-C-T1 461.8 122.4 0.004 0.2605 0.673 44.6353 

MT-HC1-C-T2 509.3 162.0 0.004 0.2903 0.741 49.3345 

MT-HC1-C-T3 640.1 207.5 0.005 0.3307 0.872 57.6374 

MT-HC1-C-T4 380.1 130.4 0.005 0.3000 0.705 46.7768 

MT-HC1-C-T5 514.6 167.1 0.003 0.1913 0.788 52.4088 

MT-HC1-O-T1 374.6 113.0 0.005 0.3406 0.890 59.3071 

MT-HC1-O-T2 277.8 89.1 0.006 0.3879 0.878 58.0217 

MT-HC1-O-T3 321.6 104.8 0.006 0.3667 0.876 58.2248 

MT-HC1-O-T4 537.3 179.3 0.004 0.2576 0.750 49.8404 

MT-HC1-O-T5 304.9 91.2 0.007 0.4762 0.884 58.5508 

MT-HC2-C-T1 456.6 143.1 0.052 3.4427 1.808 119.8144 

MT-HC2-C-T2 403.7 131.7 0.025 1.6487 1.336 88.8534 

MT-HC2-C-T3 395.6 124.4 0.068 4.5080 2.067 136.3277 

MT-HC2-C-T4 433.4 131.7 0.039 2.5884 1.368 90.2137 

MT-HC2-C-T5 314.3 107.0 0.054 3.6046 1.838 122.0127 

MT-HC2-O-T1 309.8 107.1 0.044 2.9463 1.157 76.8464 

MT-HC2-O-T2 374.8 120.0 0.025 1.6239 1.010 66.8608 

MT-HC2-O-T3 372.2 124.4 0.039 2.6081 1.065 70.8583 

MT-HC2-O-T4 425.8 153.2 0.021 1.4053 1.066 70.3630 

MT-HC2-O-T5 429.1 151.1 0.015 0.9859 0.910 59.9644 

MT-LC1-C-G1 83.5 60.3 0.004 0.1919 0.323 16.1142 

MT-LC1-C-G2 81.9 61.2 0.003 0.1540 0.278 13.8518 

MT-LC1-C-G3 50.7 34.0 0.004 0.2155 0.350 17.3552 

MT-LC1-C-G4 98.5 71.4 0.001 0.0519 0.304 15.1154 

MT-LC1-C-G5 99.4 73.0 0.001 0.0477 0.282 14.0106 

MT-LC1-O-G1 90.7 65.0 0.006 0.2746 0.315 15.6620 

MT-LC1-O-G2 72.3 51.4 0.001 0.0471 0.260 12.9056 

MT-LC1-O-G3 58.5 40.0 0.003 0.1623 0.295 14.7364 

MT-LC1-O-G4 121.0 90.0 0.001 0.0660 0.261 12.9810 

MT-LC1-O-G5 60.1 41.4 0.000 0.0115 0.250 12.4043 

MT-LC2-C-G1 81.7 57.6 0.006 0.3002 0.353 17.5025 

MT-LC2-C-G2 179.6 133.3 0.003 0.1624 0.350 17.3741 
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Code Wet W. Dry W. 
Cd Zn 

mg/L mg/kg mg/L mg/kg 

MT-LC2-C-G3 92.3 67.1 0.007 0.3279 0.322 16.0602 

MT-LC2-C-G4 131.6 97.7 0.001 0.0499 0.333 16.6567 

MT-LC2-C-G5 65.9 47.2 0.003 0.1562 0.319 15.8190 

MT-LC2-O-G1 101.1 75.7 0.002 0.0963 0.292 14.5661 

MT-LC2-O-G2 64.5 47.7 0.002 0.0846 0.320 16.0150 

MT-LC2-O-G3 74.2 52.8 0.008 0.3889 0.286 14.1829 

MT-LC2-O-G4 92.0 68.6 0.005 0.2283 0.267 13.3050 

MT-LC2-O-G5 91.8 70.4 0.004 0.1801 0.289 14.3204 

MT-HC1-C-G1 91.2 66.7 0.004 0.2064 0.311 15.5233 

MT-HC1-C-G2 117.5 87.7 0.004 0.1808 0.288 14.3642 

MT-HC1-C-G3 124.8 94.9 0.004 0.1988 0.291 14.4441 

MT-HC1-C-G4 107.5 81.0 0.003 0.1310 0.296 14.7623 

MT-HC1-C-G5 129.1 98.0 0.004 0.1891 0.311 15.5312 

MT-HC1-O-G1 113.7 86.2 0.003 0.1392 0.297 14.7664 

MT-HC1-O-G2 70.1 49.5 0.004 0.2126 0.318 15.7918 

MT-HC1-O-G3 83.1 59.6 0.005 0.2230 0.306 15.1833 

MT-HC1-O-G4 136.4 103.5 0.003 0.1473 0.309 15.4146 

MT-HC1-O-G5 89.0 67.4 0.006 0.2776 0.275 13.6323 

MT-HC2-C-G1 100.6 72.4 0.015 0.7614 0.290 14.4557 

MT-HC2-C-G2 74.9 53.7 0.009 0.4478 0.274 13.5719 

MT-HC2-C-G3 92.0 67.6 0.017 0.8234 0.329 16.3584 

MT-HC2-C-G4 76.6 58.5 0.013 0.6328 0.276 13.7005 

MT-HC2-C-G5 87.7 64.9 0.017 0.8657 0.322 16.0563 

MT-HC2-O-G1 81.1 59.0 0.014 0.6767 0.328 16.3156 

MT-HC2-O-G2 104.8 78.2 0.010 0.5028 0.275 13.6811 

MT-HC2-O-G3 72.8 54.9 0.014 0.7059 0.360 17.8490 

MT-HC2-O-G4 100.9 75.2 0.011 0.5649 0.335 16.6982 

MT-HC2-O-G5 117.0 88.5 0.009 0.4627 0.318 15.8245 
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Appendix C 

pH, ORP and total Cd and Zn in soil 
 

Table C-1: pH, ORP and total Cd and Zn in soil for pot experiment 

 

Code pH 
ORP Cd 

df 
Zn 

mV mg/L mg/kg mg/L mg/kg 

IS-C-S1 7.43 1.6 0.953 79.1003 1.282 28.141 2994.4192 

IS-C-S2 7.62 81.0 0.928 76.4033 1.282 27.442 2895.5052 

IS-C-S3 7.75 154.9 0.987 81.2593 1.282 29.789 3143.1686 

IS-C-S4 7.38 128.9 1.063 88.4359 1.282 34.658 3696.4689 

IS-C-S5 7.35 153.3 1.015 84.2603 1.282 31.448 3346.8650 

IS-L1-S1 7.68 119.6 0.986 81.7714 10 4.441 3683.0320 

IS-L1-S2 7.77 -182.8 0.954 78.9997 10 4.133 3422.4909 

IS-L1-S3 7.60 74.7 0.996 81.9753 10 4.053 3335.8025 

IS-L1-S4 7.53 -48.2 1.027 85.1011 10 3.905 3235.8303 

IS-L1-S5 8.07 106.0 1.013 83.5257 10 4.061 3348.4499 

IS-L2-S1 8.65 -247.6 0.968 79.6970 10 4.014 3304.7917 

IS-L2-S2 8.28 209.8 1.016 84.1338 10 4.027 3334.7135 

IS-L2-S3 8.41 -214.4 0.969 80.3883 10 4.109 3408.8269 

IS-L2-S4 8.16 -213.6 1.081 89.0592 10 4.043 3330.8618 

IS-L2-S5 8.16 -234.7 0.932 77.0375 10 3.784 3127.7897 

IS-O1-1-S1 7.79 122.2 1.014 83.3882 10 3.757 3089.6382 

IS-O1-1-S2 7.36 122.7 1.002 82.6324 10 4.138 3412.5021 

IS-O1-1-S3 7.84 107.4 1.041 85.8486 10 4.000 3298.6970 

IS-O1-1-S4 7.89 130.2 1.003 83.4443 10 3.894 3239.6007 

IS-O1-1-S5 7.03 141.4 1.002 82.8510 10 4.020 3323.9623 

IS-O1-2-S1 7.12 212.4 0.997 82.5741 10 3.745 3101.7061 

IS-O1-2-S2 7.28 102.9 1.027 84.5128 10 3.780 3110.5991 

IS-O1-2-S3 7.16 119.0 1.090 90.0529 10 3.741 3090.7138 

IS-O1-2-S4 7.34 50.1 1.033 85.5699 10 3.981 3297.7137 

IS-O1-2-S5 7.12 268.5 0.999 82.8496 10 3.840 3184.6077 

IS-O1-3-S1 7.62 109.6 0.997 82.7798 10 3.910 3246.4298 

IS-O1-3-S2 7.89 80.9 0.981 81.5326 10 3.790 3149.9335 

IS-O1-3-S3 7.17 122.6 0.987 82.0040 10 3.975 3302.5922 

IS-O1-3-S4 7.72 110.8 1.021 84.1576 10 3.774 3110.7814 

IS-O1-3-S5 7.33 114.9 1.021 84.6881 10 3.796 3148.6397 

IS-BL-S1 7.76 -185.2 0.974 80.4560 10 3.676 3036.5108 

IS-BL-S2 8.26 29.4 1.050 86.7625 10 4.154 3432.4905 

IS-BL-S3 8.36 126.8 1.015 83.7182 10 3.759 3100.4619 

IS-BL-S4 8.24 128.8 1.079 89.1441 10 4.060 3354.2631 
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Code pH 
ORP Cd 

df 
Zn 

mV mg/L mg/kg mg/L mg/kg 

IS-BL-S5 7.87 88.9 1.011 83.7614 10 3.979 3296.6031 

IS-O2-S1 7.47 119.4 1.045 85.9941 10 3.863 3178.9006 

IS-O2-S2 7.80 77.1 1.004 82.6882 10 3.856 3175.7536 

IS-O2-S3 7.50 -54.7 1.030 84.8295 10 3.821 3146.9280 

IS-O2-S4 7.27 104.1 1.035 85.4948 10 4.068 3360.3172 

IS-O2-S5 7.82 83.2 1.028 84.7765 10 3.719 3066.9635 

VG-C-S1 7.05 -147.3 1.041 86.5624 1.382 19.674 2260.8904 

VG-C-S2 7.32 -15.5 1.023 85.1648 1.382 26.775 3080.5070 

VG-C-S3 7.60 -78.4 0.923 76.7216 1.382 26.016 2990.1956 

VG-C-S4 6.97 4.3 1.010 84.1667 1.382 27.999 3224.5515 

VG-C-S5 7.48 -192.2 0.988 81.8747 1.382 27.615 3162.9314 

VG-L1-S1 7.40 -256.2 1.081 89.5164 10 4.441 3677.5422 

VG-L1-S2 7.29 -205.1 1.078 89.2680 10 4.133 3422.4909 

VG-L1-S3 7.59 -119.1 0.981 81.5046 10 4.053 3369.0773 

VG-L1-S4 7.47 -183.1 1.020 84.1168 10 3.905 3220.3530 

VG-L1-S5 7.45 -71.0 1.068 88.6896 10 4.061 3372.3634 

VG-L2-S1 7.61 -254.5 0.994 82.6846 10 4.014 3338.3234 

VG-L2-S2 7.96 -226.6 0.993 82.2623 10 4.027 3334.7135 

VG-L2-S3 7.95 -270.3 0.993 81.7718 10 4.109 3383.0068 

VG-L2-S4 7.75 -244.0 1.010 83.8174 10 4.043 3355.1867 

VG-L2-S5 7.89 -241.5 1.005 83.4856 10 3.784 3143.3793 

VG-O1-1-S1 6.92 -135.2 0.984 80.8084 10 3.757 3086.5922 

VG-O1-1-S2 7.57 -96.5 0.953 78.8232 10 4.138 3424.3628 

VG-O1-1-S3 7.43 -155.3 0.985 81.0351 10 4.000 3291.0976 

VG-O1-1-S4 7.48 -111.3 1.014 83.6772 10 3.894 3213.4016 

VG-O1-1-S5 7.11 -158.8 1.045 86.0933 10 4.020 3311.9130 

VG-O1-2-S1 7.07 -153.1 1.054 87.2517 10 3.745 3100.1656 

VG-O1-2-S2 6.99 -161.0 1.009 83.8179 10 3.780 3140.0565 

VG-O1-2-S3 7.66 -126.6 1.050 86.2211 10 3.741 3071.9330 

VG-O1-2-S4 7.63 -50.6 1.128 93.7500 10 3.981 3308.6769 

VG-O1-2-S5 6.61 -187.3 1.106 91.4050 10 3.840 3173.5537 

VG-O1-3-S1 6.92 -145.7 1.031 84.8699 10 3.910 3218.6368 

VG-O1-3-S2 7.31 3.6 0.939 77.8035 10 3.790 3138.9763 

VG-O1-3-S3 7.50 -40.1 1.038 85.6436 10 3.975 3279.7030 

VG-O1-3-S4 7.57 -157.6 1.014 83.4293 10 3.774 3105.1506 

VG-O1-3-S5 7.66 -250.5 1.028 85.4815 10 3.796 3156.4943 

VG-BL-S1 7.26 -234.1 1.052 87.3319 10 3.676 3051.6354 

VG-BL-S2 7.35 -171.3 1.075 88.7403 10 4.154 3429.0903 

VG-BL-S3 7.32 -170.7 0.991 82.3495 10 3.759 3125.2078 

VG-BL-S4 7.36 -162.0 0.984 81.9704 10 4.060 3381.0793 

VG-BL-S5 7.64 -125.6 1.011 83.3333 10 3.979 3279.7560 

VG-O2-S1 7.32 -171.5 1.058 87.7863 10 3.863 3205.2771 
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Code pH 
ORP Cd 

df 
Zn 

mV mg/L mg/kg mg/L mg/kg 

VG-O2-S2 6.85 -149.4 1.034 86.1667 10 3.856 3213.3333 

VG-O2-S3 7.05 -191.9 1.054 87.3529 10 3.821 3166.7495 

VG-O2-S4 7.10 -157.1 1.089 89.9257 10 4.068 3359.2073 

VG-O2-S5 7.41 -190.2 1.048 86.6116 10 3.719 3073.5537 

PF-C-S1 6.90 -171.9 0.972 80.9563 1.282 28.071 2997.9192 

PF-C-S2 7.03 -145.9 0.994 82.2138 1.282 27.411 2907.0898 

PF-C-S3 7.04 -208.8 0.998 82.7612 1.282 27.897 2965.5020 

PF-C-S4 7.18 -181.3 1.088 89.4737 1.282 29.367 3096.0933 

PF-C-S5 7.50 -154.6 1.115 92.2402 1.282 30.090 3191.2128 

PF-L1-S1 7.36 -269.0 0.997 82.7054 10 3.791 3146.0581 

PF-L1-S2 7.47 -258.1 1.031 84.7583 10 3.827 3146.1690 

PF-L1-S3 7.52 -195.7 1.091 90.4493 10 3.947 3272.2600 

PF-L1-S4 7.64 -222.5 1.017 84.3284 10 4.124 3419.5688 

PF-L1-S5 7.59 -223.1 1.003 82.9063 10 3.838 3172.4252 

PF-L2-S1 7.72 -290.4 0.974 80.1596 10 3.818 3141.8697 

PF-L2-S2 7.78 -272.9 1.027 84.6940 10 3.990 3290.4503 

PF-L2-S3 7.65 -281.7 1.011 83.8448 10 3.902 3236.0259 

PF-L2-S4 7.62 -281.0 0.985 81.4806 10 3.844 3179.4872 

PF-L2-S5 7.95 -269.5 1.051 86.8882 10 3.778 3123.3466 

PF-O1-1-S1 7.03 -197.8 0.982 81.2945 10 3.776 3125.3104 

PF-O1-1-S2 6.97 -164.7 1.049 86.9673 10 4.030 3341.0711 

PF-O1-1-S3 7.11 -203.1 1.013 83.3882 10 3.909 3217.8136 

PF-O1-1-S4 6.96 -225.5 1.024 85.1772 10 3.865 3214.9393 

PF-O1-1-S5 7.13 -99.1 1.051 86.2748 10 3.941 3235.1010 

PF-O1-2-S1 7.07 -70.9 0.972 80.4420 10 3.800 3145.1746 

PF-O1-2-S2 7.00 -221.5 0.988 81.7309 10 3.807 3149.9255 

PF-O1-2-S3 7.06 -176.8 1.033 85.9544 10 3.944 3281.7441 

PF-O1-2-S4 6.96 -161.0 1.044 85.8553 10 3.806 3129.9342 

PF-O1-2-S5 7.36 -158.5 1.115 92.6695 10 4.108 3414.2287 

PF-O1-3-S1 7.34 -201.9 1.067 88.2110 10 3.941 3258.1019 

PF-O1-3-S2 7.34 -232.9 1.028 85.3395 10 3.898 3235.9289 

PF-O1-3-S3 7.40 -177.8 0.999 82.9376 10 3.785 3142.6436 

PF-O1-3-S4 7.19 -218.4 1.007 83.4300 10 3.957 3278.3761 

PF-O1-3-S5 7.32 -224.6 0.972 80.1105 10 3.810 3140.4550 

PF-BL-S1 7.51 -225.5 1.062 87.2638 10 4.058 3334.4289 

PF-BL-S2 7.51 -364.4 1.015 83.4155 10 3.826 3144.3130 

PF-BL-S3 7.57 -212.6 1.098 90.7438 10 3.895 3219.0083 

PF-BL-S4 7.73 -211.3 0.989 81.9410 10 3.945 3269.5177 

PF-BL-S5 7.27 -186.7 1.085 89.5806 10 4.072 3361.9551 

PF-O2-S1 7.13 -243.0 1.106 91.2391 20 2.295 3786.5039 

PF-O2-S2 7.09 -139.1 1.067 88.2548 20 2.308 3818.0314 

PF-O2-S3 7.49 -227.5 1.054 87.3674 20 2.273 3768.2361 



 

 

98 

Code pH 
ORP Cd 

df 
Zn 

mV mg/L mg/kg mg/L mg/kg 

PF-O2-S4 7.17 -239.0 1.021 84.9276 20 2.110 3510.2312 

PF-O2-S5 7.15 -165.6 1.013 83.8437 20 2.245 3716.2721 

MT-C-S1 7.48 -199.6 1.090 90.4248 1.382 27.825 3190.6862 

MT-C-S2 7.51 -241.8 1.009 84.0693 1.382 28.809 3317.2836 

MT-C-S3 6.72 64.8 0.971 79.9292 1.382 26.337 2995.2052 

MT-C-S4 7.23 -115.1 0.999 82.1035 1.382 28.083 3189.0473 

MT-C-S5 7.42 -151.0 1.053 87.5457 1.382 29.259 3361.8173 

MT-L1-S1 7.33 -231.2 1.011 83.8587 20 2.258 3745.8527 

MT-L1-S2 7.26 -230.0 1.000 83.0040 20 2.269 3767.8512 

MT-L1-S3 7.43 -202.2 1.004 82.7973 20 2.130 3513.1123 

MT-L1-S4 7.22 -251.3 1.083 89.7117 20 2.155 3570.2452 

MT-L1-S5 7.10 -206.5 1.104 91.3454 20 2.197 3635.6115 

MT-L2-S1 7.52 -234.7 0.961 79.1529 20 2.141 3528.3454 

MT-L2-S2 7.56 -302.1 1.070 87.7193 20 2.069 3392.3594 

MT-L2-S3 7.80 -215.5 1.055 87.2189 20 2.218 3667.3280 

MT-L2-S4 7.71 -285.1 1.077 89.3776 20 2.235 3709.5436 

MT-L2-S5 7.62 -166.3 1.002 82.7826 20 2.061 3405.4858 

MT-O1-1-S1 6,7 183.7 1.062 88.0597 20 2.034 3373.1343 

MT-O1-1-S2 6.89 -28.3 1.087 89.6717 20 2.300 3794.7533 

MT-O1-1-S3 6.75 -196.3 1.014 83.8155 20 2.204 3643.5775 

MT-O1-1-S4 6.45 208.4 1.049 87.2422 20 2.210 3675.9814 

MT-O1-1-S5 6.68 -153.8 1.094 90.8185 20 2.169 3601.1954 

MT-O1-2-S1 6.93 -185.9 1.061 87.8893 20 2.015 3338.3035 

MT-O1-2-S2 6.76 -85.8 1.162 96.6401 20 2.170 3609.4478 

MT-O1-2-S3 6.79 -183.2 1.061 87.1100 20 2.097 3443.3498 

MT-O1-2-S4 6.63 201.4 1.004 83.3278 20 2.326 3860.5809 

MT-O1-2-S5 6.75 -206.1 1.041 86.5768 20 2.051 3411.5103 

MT-O1-3-S1 7.27 203.3 1.120 93.0851 20 2.264 3763.2979 

MT-O1-3-S2 6.09 -180.8 1.055 87.6683 20 2.125 3531.6603 

MT-O1-3-S3 7.30 -225.0 1.104 90.6404 20 2.118 3477.8325 

MT-O1-3-S4 7.39 -256.4 1.063 87.8512 20 2.086 3447.9339 

MT-O1-3-S5 7.28 -135.0 0.992 82.5458 20 2.037 3389.3511 

MT-BL-S1 7.50 -215.0 1.060 88.2598 20 2.203 3668.6095 

MT-BL-S2 7.41 -249.9 0.982 81.2800 20 2.195 3634.7077 

MT-BL-S3 7.53 -245.1 0.995 82.6578 20 2.362 3923.5880 

MT-BL-S4 7.26 -218.9 1.148 95.5870 20 2.254 3753.5387 

MT-BL-S5 7.10 -150.2 1.077 89.1409 20 2.256 3734.4810 

MT-O2-S1 7.52 19.0 1.067 88.6654 20 2.094 3480.1396 

MT-O2-S2 7.49 -114.7 1.036 85.7048 20 2.171 3591.9921 

MT-O2-S3 7.30 -247.5 1.004 83.2919 20 2.007 3330.0149 

MT-O2-S4 7.45 -227.2 1.067 88.6507 20 1.910 3173.8119 

MT-O2-S5 7.20 -129.9 1.028 85.4388 20 2.054 3414.2287 
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Table C-2: pH, ORP and total Cd and Zn in soil for field experiment 

 

Code pH 
ORP Cd Zn 
(mV) mg/L mg/kg mg/L mg/kg 

BG-LC1-C-S1 6.65 9.2 0.003 0.2461 1.696 139.1304 
BG-LC1-C-S2 6.03 -184.8 0.003 0.2485 1.537 127.3194 
BG-LC1-C-S3 6.28 467.3 0.004 0.3327 1.265 105.2063 
BG-LC1-C-S4 6.33 135.6 0.004 0.3330 1.140 94.9051 
BG-LC1-C-S5 6.17 11.7 0.003 0.2487 1.035 85.8067 
BG-LC1-O-S1 6.41 -103.0 0.002 0.1652 0.869 71.7176 
BG-LC1-O-S2 6.67 73.0 0.005 0.4118 1.481 121.9733 
BG-LC1-O-S3 6.44 -2.1 0.002 0.1659 0.850 70.5028 
BG-LC1-O-S4 6.52 -103.7 0.008 0.6640 1.609 133.5491 
BG-LC1-O-S5 6.70 -165.0 0.005 0.4151 1.447 120.1229 
BG-LC2-C-S1 7.06 -8.2 0.006 0.4946 3.331 274.5631 
BG-LC2-C-S2 7.50 -91.5 0.006 0.4944 4.306 354.8121 
BG-LC2-C-S3 7.61 -8.2 0.004 0.3316 1.427 118.2858 
BG-LC2-C-S4 6.30 2.9 0.004 0.3313 1.109 91.8655 
BG-LC2-C-S5 6.14 29.6 0.008 0.6570 0.657 53.9586 
BG-LC2-O-S1 6.16 76.9 0.106 8.7865 0.888 73.6240 
BG-LC2-O-S2 6.34 99.9 0.096 7.9840 0.925 76.9128 
BG-LC2-O-S3 6.90 -101.9 0.111 9.1979 0.862 71.4203 
BG-LC2-O-S4 6.63 -26.2 0.048 3.9578 0.765 63.0607 
BG-LC2-O-S5 6.25 200.9 0.091 7.4664 0.910 74.6882 
BG-HC1-C-S1 7.46 -36.6 0.231 19.1988 3.720 309.1755 
BG-HC1-C-S2 7.56 -116.9 0.234 19.3869 5.470 453.1897 
BG-HC1-C-S3 7.58 -140.5 0.127 10.4269 3.620 297.2085 
BG-HC1-C-S4 7.56 9.5 0.255 21.1233 3.370 279.1584 
BG-HC1-C-S5 7.36 42.3 0.099 8.2103 3.420 283.6291 
BG-HC1-O-S1 7.49 -45.5 0.040 3.3132 2.410 199.8673 
BG-HC1-O-S2 7.12 25.5 0.053 4.4042 3.070 255.1105 
BG-HC1-O-S3 7.65 39.5 0.029 2.3732 2.120 175.7294 
BG-HC1-O-S4 7.62 -2.3 0.028 2.3239 2.340 193.0375 
BG-HC1-O-S5 7.60 -140.1 0.033 2.7432 2.390 198.0772 
BG-HC2-C-S1 7.70 -5.6 0.898 74.6151 39.750 3302.0435 
BG-HC2-C-S2 7.65 -29.3 0.870 72.2155 34.980 2904.8331 
BG-HC2-C-S3 7.66 -9.4 0.990 82.1745 40.070 3327.5203 
BG-HC2-C-S4 7.50 -144.7 0.881 72.9435 43.590 3607.8464 
BG-HC2-C-S5 7.70 -83.3 0.883 72.5572 40.440 3321.2878 
BG-HC2-O-S1 7.52 -79.0 0.236 19.6601 7.020 584.8051 
BG-HC2-O-S2 7.56 -148.7 0.310 25.4641 7.620 625.9241 
BG-HC2-O-S3 7.93 -100.3 0.212 17.5963 6.940 576.0292 
BG-HC2-O-S4 7.58 -2.9 0.152 12.5268 6.480 534.0366 
BG-HC2-O-S5 7.36 -109.2 0.250 20.5660 7.050 579.9605 
OA-LC1-C-S1 6.60 -118.9 0.004 0.3322 1.668 138.5284 
OA-LC1-C-S2 6.76 -235.1 0.003 0.2479 1.308 108.0337 
OA-LC1-C-S3 6.43 -216.4 0.004 0.3298 1.427 117.6506 
OA-LC1-C-S4 6.63 -164.7 0.003 0.2486 1.304 108.0373 
OA-LC1-C-S5 6.66 -242.2 0.004 0.3326 1.372 114.0645 
OA-LC1-O-S1 6.87 -149.4 0.003 0.2461 1.128 92.5349 
OA-LC1-O-S2 6.81 468.6 0.005 0.4157 1.407 116.9771 



 

 

100 

Code pH 
ORP Cd Zn 
(mV) mg/L mg/kg mg/L mg/kg 

OA-LC1-O-S3 6.74 -242.3 0.005 0.4130 1.354 111.8454 
OA-LC1-O-S4 6.47 -105.2 0.006 0.4995 1.248 103.8961 
OA-LC1-O-S5 6.44 -194.8 0.009 0.7427 2.186 180.3928 
OA-LC2-C-S1 6.83 -200.0 0.020 1.6586 4.044 335.3790 
OA-LC2-C-S2 7.35 -178.2 0.024 1.9851 4.084 337.7998 
OA-LC2-C-S3 6.78 -75.3 0.020 1.6499 1.910 157.5648 
OA-LC2-C-S4 6.38 -176.6 0.008 0.6636 1.034 85.7664 
OA-LC2-C-S5 6.71 -172.0 0.006 0.4971 0.900 74.5899 
OA-LC2-O-S1 6.12 -131.6 0.006 0.4974 0.912 75.6342 
OA-LC2-O-S2 6.48 -118.6 0.003 0.2486 0.825 68.3905 
OA-LC2-O-S3 6.33 -198.8 0.005 0.4151 0.873 72.4722 
OA-LC2-O-S4 6.33 -89.4 0.004 0.3292 0.893 73.4612 
OA-LC2-O-S5 6.23 -68.0 0.003 0.2496 0.767 63.8209 
OA-HC1-C-S1 8.26 -128.7 0.186 15.3923 5.130 424.5283 
OA-HC1-C-S2 7.32 -218.6 0.154 12.7780 4.750 394.1255 
OA-HC1-C-S3 6.76 -159.1 0.107 8.8915 4.420 367.2927 
OA-HC1-C-S4 7.30 -183.6 0.100 8.2699 3.800 314.2574 
OA-HC1-C-S5 7.25 -145.7 0.126 10.3789 3.260 268.5338 
OA-HC1-O-S1 7.27 -200.0 0.074 6.1076 4.370 360.6801 
OA-HC1-O-S2 7.48 -99.8 0.026 2.1616 2.360 196.2088 
OA-HC1-O-S3 7.41 -52.7 0.030 2.4888 2.410 199.9336 
OA-HC1-O-S4 7.35 -133.3 0.163 13.5517 2.510 208.6797 
OA-HC1-O-S5 7.24 -24.9 0.128 10.5663 2.290 189.0375 
OA-HC2-C-S1 7.33 -163.3 0.854 70.0539 41.165 3377.5041 
OA-HC2-C-S2 7.22 -195.4 0.680 56.4326 30.422 2526.3129 
OA-HC2-C-S3 7.10 -132.2 0.917 75.7944 42.844 3542.0337 
OA-HC2-C-S4 7.23 -116.9 0.682 56.6222 33.332 2767.5191 
OA-HC2-C-S5 7.24 -172.0 0.917 75.7318 49.101 4055.8896 
OA-HC2-O-S1 7.29 -187.5 0.234 19.3682 7.340 607.0129 
OA-HC2-O-S2 7.01 -49.2 0.206 17.0851 6.950 577.8184 
OA-HC2-O-S3 7.43 -217.8 0.209 17.2220 7.160 590.5642 
OA-HC2-O-S4 7.23 -78.9 0.207 17.1504 7.090 587.9914 
OA-HC2-O-S5 7.43 -165.4 0.245 20.2913 7.430 614.8626 
VG-LC1-C-S1 6.59 -64.6 0.003 0.2495 1.378 114.5975 
VG-LC1-C-S2 6.34 -75.3 0.002 0.1659 1.194 99.0588 
VG-LC1-C-S3 6.51 -197.3 0.002 0.1665 1.286 107.0468 
VG-LC1-C-S4 6.57 -211.3 0.002 0.1650 1.349 111.2575 
VG-LC1-C-S5 6.64 -184.6 0.003 0.2495 1.340 111.4180 
VG-LC1-O-S1 6.48 -172.4 0.003 0.2116 1.382 113.7636 
VG-LC1-O-S2 6.61 -178.6 0.002 0.1927 1.277 106.1513 
VG-LC1-O-S3 6.50 -237.3 - - - - 
VG-LC1-O-S4 6.72 -198.1 0.003 0.2258 1.305 107.9940 
VG-LC1-O-S5 6.64 -206.9 0.004 0.3127 1.968 162.0553 
VG-LC2-C-S1 6.75 -261.0 0.016 1.3263 2.666 220.9715 
VG-LC2-C-S2 6.67 -224.0 0.018 1.4810 6.576 541.0564 
VG-LC2-C-S3 6.76 -220.7 0.010 0.8281 1.240 102.6996 
VG-LC2-C-S4 6.69 -205.5 0.006 0.4980 0.913 75.7719 
VG-LC2-C-S5 6.71 -194.7 0.005 0.4121 0.805 66.3452 
VG-LC2-O-S1 6.66 -213.0 0.004 0.3290 0.752 61.8112 
VG-LC2-O-S2 6.72 -203.4 0.003 0.2496 0.729 60.6240 
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Code pH 
ORP Cd Zn 
(mV) mg/L mg/kg mg/L mg/kg 

VG-LC2-O-S3 6.70 -225.8 0.003 0.2465 0.711 58.4470 
VG-LC2-O-S4 6.71 -187.4 0.003 0.2474 0.712 58.7595 
VG-LC2-O-S5 6.67 -204.0 0.002 0.1664 0.690 57.4472 
VG-HC1-C-S1 7.04 -189.2 0.095 7.8864 4.910 407.6042 
VG-HC1-C-S2 6.97 -127.0 0.133 11.0337 4.610 382.4457 
VG-HC1-C-S3 6.96 -25.1 0.125 10.3580 3.930 325.6546 
VG-HC1-C-S4 6.95 -77.2 0.055 4.5372 3.750 309.3549 
VG-HC1-C-S5 6.91 -31.3 0.056 4.6022 3.680 302.4326 
VG-HC1-O-S1 6.99 -115.6 0.098 8.0831 3.110 256.5160 
VG-HC1-O-S2 6.85 46.2 0.067 5.5491 2.470 204.5718 
VG-HC1-O-S3 7.01 58.1 0.052 4.2904 2.310 190.5941 
VG-HC1-O-S4 6.93 -59.2 0.070 5.7642 2.600 214.0975 
VG-HC1-O-S5 7.11 -140.5 0.089 7.3059 2.810 230.6682 
VG-HC2-C-S1 7.02 26.6 0.853 70.6711 38.870 3220.3811 
VG-HC2-C-S2 7.05 -121.0 0.803 66.0576 33.980 2796.7078 
VG-HC2-C-S3 6.96 -62.5 0.777 64.4610 33.710 2795.1907 
VG-HC2-C-S4 7.00 48.0 0.794 65.9684 38.700 3216.9576 
VG-HC2-C-S5 6.88 2.9 0.935 76.8706 37.990 3123.6639 
VG-HC2-O-S1 6.90 -160.3 0.248 20.4048 7.290 599.8025 
VG-HC2-O-S2 6.92 -187.8 0.184 15.0968 7.520 617.0003 
VG-HC2-O-S3 6.85 -121.7 0.197 16.4003 6.790 565.2681 
VG-HC2-O-S4 6.94 -118.0 0.179 14.8081 7.110 588.1866 
VG-HC2-O-S5 7.01 -152.4 0.192 15.9151 7.160 593.5013 
PF-LC1-C-S1 6.30 -7.8 0.001 0.1146 1.899 155.7579 
PF-LC1-C-S2 6.40 -240.4 0.002 0.1345 1.628 134.6345 
PF-LC1-C-S3 5.62 -133.5 0.001 0.1211 1.493 123.8182 
PF-LC1-C-S4 6.30 -36.3 0.002 0.1337 1.513 124.3630 
PF-LC1-C-S5 6.38 -172.8 0.002 0.1561 1.513 125.4145 
PF-LC1-O-S1 6.66 -51.2 0.330 26.8555 1.355 110.2702 
PF-LC1-O-S2 6.65 -238.2 0.279 22.8436 1.488 122.0072 
PF-LC1-O-S3 6.25 -54.4 0.316 25.7047 1.492 121.5578 
PF-LC1-O-S4 6.42 -204.1 0.156 12.8531 1.467 121.1796 
PF-LC1-O-S5 6.65 -262.8 0.125 10.2587 2.289 188.6124 
PF-LC2-C-S1 6.84 -207.8 0.037 3.0850 1.930 160.4856 
PF-LC2-C-S2 6.39 -228.4 0.038 3.1297 1.998 165.4247 
PF-LC2-C-S3 6.33 -198.6 0.032 2.6625 1.251 103.9555 
PF-LC2-C-S4 6.53 -250.4 0.031 2.5635 1.321 109.7358 
PF-LC2-C-S5 6.65 -247.0 0.028 2.2793 1.221 100.9091 
PF-LC2-O-S1 6.52 -250.1 0.020 1.6583 1.016 84.5821 
PF-LC2-O-S2 6.53 -262.3 0.017 1.4366 0.992 81.8940 
PF-LC2-O-S3 5.75 -62.0 0.018 1.4793 0.991 81.5452 
PF-LC2-O-S4 6.13 -193.9 0.015 1.2836 1.042 86.3441 
PF-LC2-O-S5 6.05 -181.3 0.013 1.1087 0.898 74.5062 
PF-HC1-C-S1 7.08 -282.8 0.379 31.1985 5.985 493.3234 
PF-HC1-C-S2 7.00 -157.3 0.378 31.3724 6.135 509.0441 
PF-HC1-C-S3 7.01 -191.8 0.432 35.9375 4.278 355.5519 
PF-HC1-C-S4 6.94 -241.4 0.403 33.3031 4.662 384.9711 
PF-HC1-C-S5 7.00 -216.4 0.260 21.3487 3.594 295.5592 
PF-HC1-O-S1 7.03 -215.1 0.106 8.7451 3.135 258.1522 
PF-HC1-O-S2 7.08 -96.6 0.228 18.7397 2.645 217.5469 
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Code pH 
ORP Cd Zn 
(mV) mg/L mg/kg mg/L mg/kg 

PF-HC1-O-S3 7.24 -129.4 0.402 33.4833 2.697 224.7750 
PF-HC1-O-S4 7.07 -220.4 0.500 41.6015 3.024 251.4552 
PF-HC1-O-S5 7.19 -198.3 0.440 36.1216 2.738 224.9795 
PF-HC2-C-S1 7.21 -25.9 - - - - 
PF-HC2-C-S2 7.11 -254.7 0.761 62.4569 37.124 3046.4677 
PF-HC2-C-S3 7.03 -61.7 0.664 55.0880 34.007 2822.6529 
PF-HC2-C-S4 7.20 -39.0 0.917 75.6601 42.365 3495.4822 
PF-HC2-C-S5 7.26 -135.4 0.810 67.4300 33.400 2781.4602 
PF-HC2-O-S1 7.05 -116.7 0.522 43.0386 15.385 1268.9706 
PF-HC2-O-S2 7.17 -59.7 0.505 41.4532 16.800 1379.3103 
PF-HC2-O-S3 7.12 -187.9 0.458 37.8825 12.180 1007.4442 
PF-HC2-O-S4 7.04 -202.5 1.055 85.4528 10.920 884.4970 
PF-HC2-O-S5 7.12 -263.4 - - - - 
MT-LC1-C-S1 5.81 228.9 0.002 0.1605 1.282 105.3756 
MT-LC1-C-S2 6.44 196.0 0.001 0.0905 1.133 93.8535 
MT-LC1-C-S3 6.57 217.3 0.001 0.0413 1.132 93.1381 
MT-LC1-C-S4 5.89 187.5 0.000 0.0393 1.208 100.1658 
MT-LC1-C-S5 5.78 498.9 0.001 0.0525 1.317 109.4945 
MT-LC1-O-S1 6.00 178.2 0.001 0.0458 0.946 78.5465 
MT-LC1-O-S2 6.37 84.0 0.000 0.0385 0.987 81.7534 
MT-LC1-O-S3 6.59 119.8 0.001 0.0424 1.043 86.7576 
MT-LC1-O-S4 6.45 204.2 0.001 0.0600 1.032 84.8126 
MT-LC1-O-S5 6.02 3.4 0.001 0.1163 1.273 105.7309 
MT-LC2-C-S1 5.99 0.1 0.039 3.2351 3.775 312.3449 
MT-LC2-C-S2 6.02 150.8 0.040 3.2952 5.390 446.2659 
MT-LC2-C-S3 5.19 242.8 0.037 3.0728 2.255 187.0748 
MT-LC2-C-S4 5.93 179.4 0.038 3.1393 1.867 154.8093 
MT-LC2-C-S5 5.21 103.0 0.030 2.4617 1.579 131.4081 
MT-LC2-O-S1 4.89 254.1 0.029 2.3997 1.175 96.5648 
MT-LC2-O-S2 5.74 138.1 0.017 1.4267 1.071 87.8157 
MT-LC2-O-S3 5.30 332.8 0.020 1.6625 1.069 88.9499 
MT-LC2-O-S4 5.40 241.2 0.016 1.3662 1.129 93.5377 
MT-LC2-O-S5 5.39 245.0 0.018 1.5254 0.994 82.5939 
MT-HC1-C-S1 7.46 158.7 0.073 5.9881 6.395 527.9016 
MT-HC1-C-S2 7.49 187.5 0.061 5.0223 5.770 477.0961 
MT-HC1-C-S3 7.67 223.5 0.057 4.7236 5.555 462.4542 
MT-HC1-C-S4 7.47 116.6 0.053 4.4188 5.558 462.7810 
MT-HC1-C-S5 7.42 214.0 0.041 3.3493 4.390 361.6145 
MT-HC1-O-S1 7.47 122.0 0.016 1.3247 3.484 286.8434 
MT-HC1-O-S2 7.50 236.8 0.004 0.3652 2.793 229.7253 
MT-HC1-O-S3 7.57 155.1 0.005 0.4331 2.836 233.9548 
MT-HC1-O-S4 7.52 180.4 0.002 0.1653 2.613 215.9147 
MT-HC1-O-S5 7.39 115.0 0.012 0.9931 3.343 276.4181 
MT-HC2-C-S1 7.23 110.3 0.913 75.5712 38.379 3177.0889 
MT-HC2-C-S2 7.50 160.1 0.743 61.0053 29.353 2410.6991 
MT-HC2-C-S3 7.39 175.3 0.861 70.9672 33.876 2790.8690 
MT-HC2-C-S4 7.54 220.3 0.853 71.0561 35.668 2970.8316 
MT-HC2-C-S5 7.55 212.1 0.918 76.0189 38.145 3159.7604 
MT-HC2-O-S1 6.90 147.8 0.192 15.9076 6.834 565.9159 
MT-HC2-O-S2 6.79 77.2 0.186 15.4716 6.795 565.2138 
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Code pH 
ORP Cd Zn 
(mV) mg/L mg/kg mg/L mg/kg 

MT-HC2-O-S3 6.78 114.1 0.157 13.0056 6.153 510.0298 
MT-HC2-O-S4 7.20 30.3 0.115 9.4510 4.950 406.8047 
MT-HC2-O-S5 6.94 462.3 0.141 11.7260 5.463 454.6438 
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Appendix D 

Soil organic matter 
 

Table D-1: SOM for pot experiment 

 

Code 
Weigh V FAS Sample FAS K2Cr2O OC 7 OM 

g Intitail Final Tot N N % % 
IS-C-1 0.5029 13.7 28.1 14.4 0.5 1.0 3.3 5.63 
IS-C-2 0.5023 0.0 15 15.0 0.5 1.0 3.1 5.29 
IS-C-3 0.5026 13.6 28.5 14.9 0.5 1.0 3.1 5.35 

IS-O1-1-1 0.5020 0.0 14.7 14.7 0.5 1.0 3.2 5.47 
IS-O1-1-2 0.5063 0.0 14.1 14.1 0.5 1.0 3.4 5.76 
IS-O1-1-3 0.5038 15.2 30 14.8 0.5 1.0 3.1 5.39 
IS-O1-2-1 0.5086 14.2 28.3 14.1 0.5 1.0 3.3 5.74 
IS-O1-2-2 0.5008 14.0 28.5 14.5 0.5 1.0 3.3 5.60 
IS-O1-2-3 0.5019 0.0 14.7 14.7 0.5 1.0 3.2 5.47 
IS-O1-3-1 0.5008 0.0 14.2 14.2 0.5 1.0 3.4 5.77 
IS-O1-3-2 0.5087 14.2 28 13.8 0.5 1.0 3.4 5.91 
IS-O1-3-3 0.5060 30.0 44.5 14.5 0.5 1.0 3.2 5.54 
IS-O1L-1 0.5089 28.6 43.9 15.3 0.5 1.0 2.9 5.05 
IS-O1L-2 0.5052 29.4 43.9 14.5 0.5 1.0 3.2 5.55 
IS-O1L-3 0.5098 0.0 14.8 14.8 0.5 1.0 3.1 5.33 
IS-O2-1 0.5092 26.8 41.7 14.9 0.5 1.0 3.1 5.28 
IS-O2-2 0.5054 0.0 14.7 14.7 0.5 1.0 3.2 5.43 
IS-O2-3 0.5067 0.0 14.2 14.2 0.5 1.0 3.3 5.70 
VG-C-1 0.5057 12.5 27.7 15.2 0.5 1.0 3.0 5.14 
VG-C-2 0.5087 12.9 27.7 14.8 0.5 1.0 3.1 5.34 
VG-C-3 0.5026 0.0 14.6 14.6 0.5 1.0 3.2 5.52 

VG-O1-1-1 0.5053 13.6 28.4 14.8 0.5 1.0 3.1 5.38 
VG-O1-1-2 0.5012 0.0 14.9 14.9 0.5 1.0 3.1 5.36 
VG-O1-1-3 0.5032 24.7 39.8 15.1 0.5 1.0 3.0 5.23 
VG-O1-2-1 0.5070 19.8 35 15.2 0.5 1.0 3.0 5.13 
VG-O1-2-2 0.5047 26.1 41.3 15.2 0.5 1.0 3.0 5.15 
VG-O1-2-3 0.5068 0.0 15.1 15.1 0.5 1.0 3.0 5.19 
VG-O1-3-1 0.5013 24.7 39.1 14.4 0.5 1.0 3.3 5.65 
VG-O1-3-2 0.5057 7.6 22.2 14.6 0.5 1.0 3.2 5.49 
VG-O1-3-3 0.5039 13.2 28.2 15.0 0.5 1.0 3.1 5.28 
VG-O1L-1 0.5025 25.5 40.8 15.3 0.5 1.0 3.0 5.12 
VG-O1L-2 0.5095 0.0 15.2 15.2 0.5 1.0 3.0 5.10 
VG-O1L-3 0.5077 0.0 15.2 15.2 0.5 1.0 3.0 5.12 
VG-O2-1 0.5013 0.0 14.5 14.5 0.5 1.0 3.3 5.59 
VG-O2-2 0.5020 13.1 27.8 14.7 0.5 1.0 3.2 5.47 
VG-O2-3 0.5025 27.0 41.5 14.5 0.5 1.0 3.2 5.58 
PF-C-1 0.5042 28.5 43.2 14.7 0.5 1.0 3.2 5.44 
PF-C-2 0.5036 0.0 14.5 14.5 0.5 1.0 3.2 5.57 
PF-C-3 0.5045 14.5 28.6 14.1 0.5 1.0 3.4 5.78 

PF-O1-1-1 0.5055 0.0 15 15.0 0.5 1.0 3.1 5.26 
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Code 
Weigh V FAS Sample FAS K2Cr2O OC 7 OM 

g Intitail Final Tot N N % % 
PF-O1-1-2 0.5034 15.0 30.2 15.2 0.5 1.0 3.0 5.17 
PF-O1-1-3 0.5082 30.2 45.4 15.2 0.5 1.0 3.0 5.12 
PF-O1-2-1 0.5026 0.0 14.5 14.5 0.5 1.0 3.2 5.58 
PF-O1-2-2 0.5015 28.4 43.4 15.0 0.5 1.0 3.1 5.30 
PF-O1-2-3 0.5025 28.6 43.4 14.8 0.5 1.0 3.1 5.41 
PF-O1-3-1 0.5064 14.5 28.5 14.0 0.5 1.0 3.4 5.82 
PF-O1-3-2 0.5011 0.0 13.7 13.7 0.5 1.0 3.5 6.05 
PF-O1-3-3 0.5055 11.8 25.7 13.9 0.5 1.0 3.4 5.89 
PF-O1L-1 0.5067 0.0 14.4 14.4 0.5 1.0 3.2 5.59 
PF-O1L-2 0.5099 14.4 27.3 12.9 0.5 1.0 3.7 6.40 
PF-O1L-3 0.5093 0.0 14.8 14.8 0.5 1.0 3.1 5.33 
PF-O2-1 0.5046 13.7 28.4 14.7 0.5 1.0 3.2 5.44 
PF-O2-2 0.5083 27.3 41.8 14.5 0.5 1.0 3.2 5.51 
PF-O2-3 0.5035 27.1 41.2 14.1 0.5 1.0 3.4 5.80 
MT-C-1 0.5014 0.0 15.5 15.5 0.5 1.0 2.9 5.01 
MT-C-2 0.5055 15.5 30.6 15.1 0.5 1.0 3.0 5.20 
MT-C-3 0.5019 30.6 45.1 14.5 0.5 1.0 3.2 5.58 

MT-O1-1-1 0.5028 13.9 29 15.1 0.5 1.0 3.0 5.23 
MT-O1-1-2 0.5018 29.0 44.8 15.8 0.5 1.0 2.8 4.84 
MT-O1-1-3 0.5049 0.0 15.1 15.1 0.5 1.0 3.0 5.21 
MT-O1-2-1 0.5066 14.8 29.8 15.0 0.5 1.0 3.1 5.25 
MT-O1-2-2 0.5025 14.1 30.6 16.5 0.5 1.0 2.6 4.43 
MT-O1-2-3 0.5046 30.6 44.9 14.3 0.5 1.0 3.3 5.67 
MT-O1-3-1 0.5028 14.8 30.7 15.9 0.5 1.0 2.8 4.77 
MT-O1-3-2 0.5034 0.0 14.8 14.8 0.5 1.0 3.1 5.40 
MT-O1-3-3 0.5030 17.2 30.7 13.5 0.5 1.0 3.6 6.15 
MT-O1L-1 0.5023 0.0 15.2 15.2 0.5 1.0 3.0 5.18 
MT-O1L-2 0.5026 30.7 45.7 15.0 0.5 1.0 3.1 5.29 
MT-O1L-3 0.5009 0.0 15.2 15.2 0.5 1.0 3.0 5.19 
MT-O2-1 0.5031 0.0 13.9 13.9 0.5 1.0 3.4 5.92 
MT-O2-2 0.5023 29.8 44.9 15.1 0.5 1.0 3.0 5.23 
MT-O2-3 0.5031 30.7 46.6 15.9 0.5 1.0 2.8 4.77 
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Table D-2: SOM for field experiment 

 

Code Weight V FAS Sample FAS K2Cr2O OC 7 OM 
g Intitail Final Total N N % % 

BG-LC1-C-S1 0.5087 31.5 49.2 17.7 0.5 1.0 2.15 3.70 
BG-LC1-C-S2 0.5001 0.0 18.1 18.1 0.5 1.0 2.05 3.53 
BG-LC1-C-S3 0.5029 18.8 36.6 17.8 0.5 1.0 2.14 3.69 
BG-LC1-C-S4 0.5005 0.0 16.7 16.7 0.5 1.0 2.52 4.34 
BG-LC1-C-S5 0.5040 15.7 32.9 17.2 0.5 1.0 2.33 4.02 
BG-LC1-O-S1 0.5075 0.0 17.0 17.0 0.5 1.0 2.38 4.11 
BG-LC1-O-S2 0.5060 17.0 33.8 16.8 0.5 1.0 2.46 4.24 
BG-LC1-O-S3 0.5040 0.0 17.1 17.1 0.5 1.0 2.37 4.08 
BG-LC1-O-S4 0.5014 32.8 50.0 17.2 0.5 1.0 2.35 4.04 
BG-LC1-O-S5 0.5038 15.9 31.9 16.0 0.5 1.0 2.73 4.71 
BG-LC2-C-S1 0.5020 28.8 43.3 14.5 0.5 1.0 3.25 5.60 
BG-LC2-C-S2 0.5009 13.6 31.6 18.0 0.5 1.0 2.08 3.58 
BG-LC2-C-S3 0.5006 28.2 44.5 16.3 0.5 1.0 2.65 4.57 
BG-LC2-C-S4 0.5078 14.9 30.8 15.9 0.5 1.0 2.75 4.73 
BG-LC2-C-S5 0.5066 14.7 29.7 15.0 0.5 1.0 3.05 5.26 
BG-LC2-O-S1 0.5048 1.0 16.5 15.5 0.5 1.0 3.06 5.28 
BG-LC2-O-S2 0.5016 15.2 30.9 15.7 0.5 1.0 3.38 5.83 
BG-LC2-O-S3 0.5021 0.0 16.0 16.0 0.5 1.0 3.28 5.65 
BG-LC2-O-S4 0.5008 0.0 15.8 15.8 0.5 1.0 3.35 5.78 
BG-LC2-O-S5 0.5045 0.0 15.8 15.8 0.5 1.0 3.33 5.74 
BG-HC1-C-S1 0.5097 0.0 16.4 16.4 0.5 1.0 2.74 4.72 
BG-HC1-C-S2 0.5005 15.0 31.8 16.8 0.5 1.0 3.02 5.21 
BG-HC1-C-S3 0.5016 29.5 44.5 15.0 0.5 1.0 3.25 5.60 
BG-HC1-C-S4 0.5003 29.5 46.1 16.6 0.5 1.0 2.72 4.69 
BG-HC1-C-S5 0.5091 0.4 16.0 15.6 0.5 1.0 3.00 5.18 
BG-HC1-O-S1 0.5037 20.0 38.0 18.0 0.5 1.0 2.23 3.85 
BG-HC1-O-S2 0.5030 1.0 19.5 18.5 0.5 1.0 2.07 3.57 
BG-HC1-O-S3 0.5065 15.8 32.9 17.1 0.5 1.0 2.52 4.35 
BG-HC1-O-S4 0.5050 18.1 35.8 17.7 0.5 1.0 2.69 4.65 
BG-HC1-O-S5 0.5079 1.0 19.1 18.1 0.5 1.0 2.55 4.39 
BG-HC2-C-S1 0.5015 0.0 14.9 14.9 0.5 1.0 3.12 5.37 
BG-HC2-C-S2 0.5014 20.6 35.0 14.4 0.5 1.0 3.28 5.66 
BG-HC2-C-S3 0.5035 29.7 46.4 16.7 0.5 1.0 2.50 4.31 
BG-HC2-C-S4 0.5002 0.1 15.2 15.1 0.5 1.0 3.06 5.27 
BG-HC2-C-S5 0.5012 0.0 15.5 15.5 0.5 1.0 2.92 5.03 
BG-HC2-O-S1 0.5010 15.3 31.1 15.8 0.5 1.0 2.98 5.15 
BG-HC2-O-S2 0.5047 30.1 45.8 15.7 0.5 1.0 3.00 5.16 
BG-HC2-O-S3 0.5000 0.0 14.7 14.7 0.5 1.0 3.36 5.79 
BG-HC2-O-S4 0.5003 16.1 31.7 15.6 0.5 1.0 3.43 5.90 
BG-HC2-O-S5 0.5500 - - - - - - - 
OA-LC1-C-S1 0.5050 16.6 31.0 14.4 0.5 1.0 3.33 5.74 
OA-LC1-C-S2 0.5016 32.2 51.0 18.8 0.5 1.0 1.88 3.23 
OA-LC1-C-S3 0.5056 0.0 16.6 16.6 0.5 1.0 2.59 4.47 
OA-LC1-C-S4 0.5012 16.4 34.0 17.6 0.5 1.0 2.28 3.93 
OA-LC1-C-S5 0.5071 33.0 51.0 18.0 0.5 1.0 2.12 3.66 
OA-LC1-O-S1 0.5065 0.2 17.2 17.0 0.5 1.0 2.45 4.23 
OA-LC1-O-S2 0.5055 16.4 32.5 16.1 0.5 1.0 2.76 4.76 
OA-LC1-O-S3 0.5008 31.5 48.1 16.6 0.5 1.0 2.62 4.51 
OA-LC1-O-S4 0.5056 0.0 16.0 16.0 0.5 1.0 2.79 4.81 
OA-LC1-O-S5 0.5005 15.7 32.7 17.0 0.5 1.0 2.48 4.28 
OA-LC2-C-S1 0.5003 -1.0 12.5 13.5 0.5 1.0 3.66 6.31 
OA-LC2-C-S2 0.5013 11.6 26.4 14.8 0.5 1.0 3.22 5.55 
OA-LC2-C-S3 0.5030 25.4 41.7 16.3 0.5 1.0 2.71 4.66 
OA-LC2-C-S4 0.5049 0.0 15.8 15.8 0.5 1.0 2.86 4.93 
OA-LC2-C-S5 0.5080 14.8 30.8 16.0 0.5 1.0 2.78 4.79 
OA-LC2-O-S1 0.5052 29.2 44.0 14.8 0.5 1.0 3.19 5.50 
OA-LC2-O-S2 0.5107 0.0 17.1 17.1 0.5 1.0 2.40 4.14 
OA-LC2-O-S3 0.5045 9.4 24.8 15.4 0.5 1.0 3.00 5.17 
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Code Weight V FAS Sample FAS K2Cr2O OC 7 OM 
g Intitail Final Total N N % % 

OA-LC2-O-S4 0.5023 23.8 39.2 15.4 0.5 1.0 3.01 5.19 
OA-LC2-O-S5 0.5018 26.6 42.3 15.7 0.5 1.0 2.91 5.02 
OA-HC1-C-S1 0.5060 0.0 16.1 16.1 0.5 1.0 2.76 4.75 
OA-HC1-C-S2 0.5073 15.7 31.7 16.0 0.5 1.0 2.78 4.80 
OA-HC1-C-S3 0.5038 30.7 47.1 16.4 0.5 1.0 2.67 4.60 
OA-HC1-C-S4 0.5088 0.0 15.9 15.9 0.5 1.0 2.81 4.84 
OA-HC1-C-S5 0.5059 14.9 31.7 16.8 0.5 1.0 2.52 4.35 
OA-HC1-O-S1 0.5048 30.7 46.7 16.0 0.5 1.0 2.80 4.82 
OA-HC1-O-S2 0.5046 0.0 18.4 18.4 0.5 1.0 2.00 3.44 
OA-HC1-O-S3 0.5073 13.4 31.9 18.5 0.5 1.0 1.95 3.37 
OA-HC1-O-S4 0.5075 33.1 49.9 16.8 0.5 1.0 2.52 4.34 
OA-HC1-O-S5 0.5024 0.0 17.6 17.6 0.5 1.0 2.27 3.92 
OA-HC2-C-S1 0.5040 31.5 46.8 15.3 0.5 1.0 3.03 5.23 
OA-HC2-C-S2 0.5044 0.0 12.5 12.5 0.5 1.0 3.96 6.83 
OA-HC2-C-S3 0.5027 11.0 23.3 12.3 0.5 1.0 4.04 6.97 
OA-HC2-C-S4 0.5035 22.3 35.8 13.5 0.5 1.0 3.64 6.27 
OA-HC2-C-S5 0.5064 34.8 48.5 13.7 0.5 1.0 3.55 6.12 
OA-HC2-O-S1 0.5015 0.0 14.3 14.3 0.5 1.0 3.38 5.83 
OA-HC2-O-S2 0.5040 13.5 28.7 15.2 0.5 1.0 3.07 5.29 
OA-HC2-O-S3 0.5042 27.7 40.8 13.1 0.5 1.0 3.77 6.49 
OA-HC2-O-S4 0.5047 0.6 15.1 14.5 0.5 1.0 3.30 5.68 
OA-HC2-O-S5 0.5025 14.5 29.1 14.6 0.5 1.0 3.28 5.65 
VG-LC1-C-S1 0.5036 1.2 17.0 15.8 0.5 1.0 2.67 4.60 
VG-LC1-C-S2 0.5099 17.0 33.6 16.6 0.5 1.0 2.37 4.09 
VG-LC1-C-S3 0.5056 33.6 49.3 15.7 0.5 1.0 2.69 4.64 
VG-LC1-C-S4 0.5080 -0.4 16.4 16.8 0.5 1.0 2.31 3.99 
VG-LC1-C-S5 0.5018 16.4 32.5 16.1 0.5 1.0 2.58 4.44 
VG-LC1-O-S1 0.5091 14.3 29.6 15.3 0.5 1.0 2.80 4.84 
VG-LC1-O-S2 0.5065 0.2 16.8 16.6 0.5 1.0 2.39 4.12 
VG-LC1-O-S3 - - - - - - - - 
VG-LC1-O-S4 0.5075 15.8 32.5 16.7 0.5 1.0 2.35 4.05 
VG-LC1-O-S5 0.5052 33.0 49.5 16.5 0.5 1.0 2.43 4.19 
VG-LC2-C-S1 0.5044 17.5 30.8 13.3 0.5 1.0 3.50 6.03 
VG-LC2-C-S2 0.5044 30.8 45.5 14.7 0.5 1.0 3.03 5.23 
VG-LC2-C-S3 0.5030 0.0 15.0 15.0 0.5 1.0 2.94 5.07 
VG-LC2-C-S4 0.5093 15.1 30.0 14.9 0.5 1.0 2.94 5.06 
VG-LC2-C-S5 0.5002 30.0 45.7 15.7 0.5 1.0 2.72 4.69 
VG-LC2-O-S1 0.5030 32.5 47.6 15.1 0.5 1.0 2.91 5.01 
VG-LC2-O-S2 0.5045 14.5 29.6 15.1 0.5 1.0 2.90 4.99 
VG-LC2-O-S3 0.5046 29.9 44.1 14.2 0.5 1.0 3.20 5.51 
VG-LC2-O-S4 0.5027 -0.5 14.5 15.0 0.5 1.0 2.94 5.07 
VG-LC2-O-S5 0.5040 0.2 14.9 14.7 0.5 1.0 3.03 5.23 
VG-HC1-C-S1 0.5052 0.0 15.3 15.3 0.5 1.0 2.83 4.87 
VG-HC1-C-S2 0.5039 15.3 29.8 14.5 0.5 1.0 3.10 5.35 
VG-HC1-C-S3 0.5012 0.2 16.0 15.8 0.5 1.0 2.68 4.62 
VG-HC1-C-S4 0.5068 16.0 32.2 16.2 0.5 1.0 2.52 4.34 
VG-HC1-C-S5 0.5003 29.8 45.8 16.0 0.5 1.0 2.62 4.52 
VG-HC1-O-S1 0.5013 32.2 48.3 16.1 0.5 1.0 2.58 4.45 
VG-HC1-O-S2 0.5021 0.0 17.9 17.9 0.5 1.0 1.97 3.40 
VG-HC1-O-S3 0.5045 0.0 18.0 18.0 0.5 1.0 1.93 3.33 
VG-HC1-O-S4 0.5004 18.3 35.5 17.2 0.5 1.0 2.22 3.82 
VG-HC1-O-S5 0.5013 0.0 17.7 17.7 0.5 1.0 2.04 3.52 
VG-HC2-C-S1 0.5034 14.5 27.2 12.7 0.5 1.0 3.70 6.39 
VG-HC2-C-S2 0.5078 17.8 31.5 13.7 0.5 1.0 3.34 5.76 
VG-HC2-C-S3 0.5161 27.6 41.2 13.6 0.5 1.0 3.32 5.72 
VG-HC2-C-S4 0.5073 32.0 44.8 12.8 0.5 1.0 3.64 6.28 
VG-HC2-C-S5 0.5104 0.0 13.7 13.7 0.5 1.0 3.32 5.73 
VG-HC2-O-S1 0.5021 14.1 27.4 13.3 0.5 1.0 3.51 6.06 
VG-HC2-O-S2 0.5036 27.6 41.8 14.2 0.5 1.0 3.20 5.52 
VG-HC2-O-S3 0.5029 2.0 17.3 15.3 0.5 1.0 2.84 4.90 
VG-HC2-O-S4 0.5076 17.4 30.9 13.5 0.5 1.0 3.41 5.88 
VG-HC2-O-S5 0.5037 30.9 47.0 16.1 0.5 1.0 2.57 4.43 
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Code Weight V FAS Sample FAS K2Cr2O OC 7 OM 
g Intitail Final Total N N % % 

PF-LC1-C-S1 0.5057 15.4 30.6 15.2 0.5 1.0 2.82 4.87 
PF-LC1-C-S2 0.5130 0.0 14.3 14.3 0.5 1.0 3.08 5.31 
PF-LC1-C-S3 0.5033 31.0 46.1 15.1 0.5 1.0 2.87 4.95 
PF-LC1-C-S4 0.5021 0.0 15.5 15.5 0.5 1.0 2.74 4.73 
PF-LC1-C-S5 0.5025 0.0 16.0 16.0 0.5 1.0 2.57 4.44 
PF-LC1-O-S1 0.5099 16.1 32.4 16.3 0.5 1.0 2.44 4.20 
PF-LC1-O-S2 0.5008 32.5 48.5 16.0 0.5 1.0 2.58 4.45 
PF-LC1-O-S3 0.5034 0.0 15.4 15.4 0.5 1.0 2.77 4.78 
PF-LC1-O-S4 - - - - - - - - 
PF-LC1-O-S5 0.5051 15.4 30.7 15.3 0.5 1.0 2.79 4.82 
PF-LC2-C-S1 0.5026 31.8 45.6 13.8 0.5 1.0 3.31 5.71 
PF-LC2-C-S2 0.5054 0.2 15.1 14.9 0.5 1.0 2.93 5.04 
PF-LC2-C-S3 0.5011 15.1 30.2 15.1 0.5 1.0 2.88 4.97 
PF-LC2-C-S4 0.5005 30.2 43.7 13.5 0.5 1.0 3.42 5.90 
PF-LC2-C-S5 0.5000 0.0 15.9 15.9 0.5 1.0 2.62 4.52 
PF-LC2-O-S1 0.5053 15.5 29.7 14.2 0.5 1.0 3.16 5.45 
PF-LC2-O-S2 0.5096 -0.2 15.3 15.5 0.5 1.0 2.70 4.66 
PF-LC2-O-S3 0.5042 29.7 44.0 14.3 0.5 1.0 3.13 5.40 
PF-LC2-O-S4 0.5019 0.0 13.9 13.9 0.5 1.0 3.28 5.66 
PF-LC2-O-S5 0.5089 13.3 26.9 13.6 0.5 1.0 3.33 5.75 
PF-HC1-C-S1 0.5095 28.6 41.7 13.1 0.5 1.0 3.50 6.03 
PF-HC1-C-S2 0.5002 15.4 30.1 14.7 0.5 1.0 3.02 5.21 
PF-HC1-C-S3 0.5051 30.1 45.7 15.6 0.5 1.0 2.69 4.64 
PF-HC1-C-S4 0.5025 15.3 31.5 16.2 0.5 1.0 2.51 4.32 
PF-HC1-C-S5 0.5045 31.5 47.4 15.9 0.5 1.0 2.60 4.48 
PF-HC1-O-S1 0.5050 0.0 16.0 16.0 0.5 1.0 2.56 4.42 
PF-HC1-O-S2 0.5039 18.7 36.0 17.3 0.5 1.0 2.13 3.68 
PF-HC1-O-S3 0.5062 36.0 53.0 17.0 0.5 1.0 2.22 3.83 
PF-HC1-O-S4 0.5012 16.0 32.8 16.8 0.5 1.0 2.31 3.99 
PF-HC1-O-S5 0.5086 32.9 50.2 17.3 0.5 1.0 2.11 3.64 
PF-HC2-C-S1 - - - - - - - - 
PF-HC2-C-S2 0.5011 12.2 25.2 13.0 0.5 1.0 3.59 6.18 
PF-HC2-C-S3 0.5072 0.0 12.7 12.7 0.5 1.0 3.64 6.28 
PF-HC2-C-S4 0.5023 25.2 38.7 13.5 0.5 1.0 3.41 5.88 
PF-HC2-C-S5 0.5000 16.2 29.0 12.8 0.5 1.0 3.66 6.31 
PF-HC2-O-S1 0.5074 0.0 15.5 15.5 0.5 1.0 2.72 4.68 
PF-HC2-O-S2 0.5095 29.0 43.4 14.4 0.5 1.0 3.07 5.29 
PF-HC2-O-S3 0.5035 18.7 34.3 15.6 0.5 1.0 2.70 4.66 
PF-HC2-O-S4 0.5029 34.3 46.9 12.6 0.5 1.0 3.71 6.39 
PF-HC2-O-S5 - - - - - - - - 
MT-LC1-C-S1 0.5023 13.8 29.0 15.2 0.5 1.0 3.01 5.19 
MT-LC1-C-S2 0.5089 13.3 29.7 16.4 0.5 1.0 2.57 4.44 
MT-LC1-C-S3 0.5094 27.2 42.5 15.3 0.5 1.0 2.94 5.06 
MT-LC1-C-S4 0.5095 0.0 13.8 13.8 0.5 1.0 3.43 5.91 
MT-LC1-C-S5 0.5043 13.2 27.0 13.8 0.5 1.0 3.46 5.97 
MT-LC1-O-S1 0.5022 0.0 13.7 13.7 0.5 1.0 3.51 6.06 
MT-LC1-O-S2 0.5055 29.5 43.7 14.2 0.5 1.0 3.32 5.73 
MT-LC1-O-S3 0.5007 0.0 14.4 14.4 0.5 1.0 3.29 5.67 
MT-LC1-O-S4 0.5012 0.0 14.9 14.9 0.5 1.0 3.12 5.37 
MT-LC1-O-S5 0.5058 0.0 14.3 14.3 0.5 1.0 3.29 5.67 
MT-LC2-C-S1 0.5018 0.0 13.4 13.4 0.5 1.0 3.62 6.23 
MT-LC2-C-S2 0.5055 0.0 13.3 13.3 0.5 1.0 3.62 6.25 
MT-LC2-C-S3 0.5078 14.9 26.9 12.0 0.5 1.0 4.04 6.96 
MT-LC2-C-S4 0.5034 13.7 26.8 13.1 0.5 1.0 3.70 6.39 
MT-LC2-C-S5 0.5090 0.0 13.3 13.3 0.5 1.0 3.60 6.20 
MT-LC2-O-S1 0.5093 29.7 43.3 13.6 0.5 1.0 3.50 6.03 
MT-LC2-O-S2 0.5060 30.0 45.1 15.1 0.5 1.0 3.02 5.21 
MT-LC2-O-S3 0.5040 14.3 29.3 15.0 0.5 1.0 3.07 5.29 
MT-LC2-O-S4 0.5058 14.4 27.7 13.3 0.5 1.0 3.62 6.24 
MT-LC2-O-S5 0.5046 0.0 14.7 14.7 0.5 1.0 3.16 5.45 
MT-HC1-C-S1 0.5027 29.7 44.2 14.5 0.5 1.0 3.24 5.59 
MT-HC1-C-S2 0.5087 0.0 14.5 14.5 0.5 1.0 3.20 5.52 
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Code Weight V FAS Sample FAS K2Cr2O OC 7 OM 
g Intitail Final Total N N % % 

MT-HC1-C-S3 0.5092 29.5 46.6 17.1 0.5 1.0 2.34 4.04 
MT-HC1-C-S4 0.5026 13.2 27.2 14.0 0.5 1.0 3.41 5.88 
MT-HC1-C-S5 0.5052 26.2 39.9 13.7 0.5 1.0 3.49 6.02 
MT-HC1-O-S1 0.5008 0.0 15.8 15.8 0.5 1.0 2.82 4.86 
MT-HC1-O-S2 0.5072 14.9 32.9 18.0 0.5 1.0 2.05 3.54 
MT-HC1-O-S3 0.5054 13.4 26.2 12.8 0.5 1.0 3.79 6.53 
MT-HC1-O-S4 0.5024 0.0 14.8 14.8 0.5 1.0 3.14 5.42 
MT-HC1-O-S5 0.5032 32.9 47.6 14.7 0.5 1.0 3.17 5.47 
MT-HC2-C-S1 0.5054 26.0 37.5 11.5 0.5 1.0 4.22 7.28 
MT-HC2-C-S2 0.5064 26.8 38.5 11.7 0.5 1.0 4.15 7.15 
MT-HC2-C-S3 0.5071 26.0 38.0 12.0 0.5 1.0 4.04 6.97 
MT-HC2-C-S4 0.5059 27.0 37.4 10.4 0.5 1.0 4.58 7.90 
MT-HC2-C-S5 0.5025 26.9 38.2 11.3 0.5 1.0 4.31 7.44 
MT-HC2-O-S1 0.5071 15.8 30.0 14.2 0.5 1.0 3.31 5.71 
MT-HC2-O-S2 0.5048 14.7 29.5 14.8 0.5 1.0 3.13 5.39 
MT-HC2-O-S3 0.5037 0.0 13.2 13.2 0.5 1.0 3.67 6.33 
MT-HC2-O-S4 0.5026 29.3 44.1 14.8 0.5 1.0 3.14 5.42 
MT-HC2-O-S5 0.5083 14.5 29.7 15.2 0.5 1.0 2.97 5.13 
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