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ABSTRACT 

Natural organic matter (NOM) in most drinking water sources is mainly released from 

soils of the adjacent catchments. Its concentration and composition depend greatly on the 

properties of water solvent and its origin. In addition to the physicochemical properties of 

soils (including soil size, pH, ionic strength, organic matter content and metal element 

content, etc.), which differ greatly with the land usages (such as the land for forest and the 

land for agriculture), the pH levels of water to contact with soils may significantly affect 

the releasing extent and the composition of organic matter from soils since the solubility 

of most soil organic species changes with pH. Humic substances, as the major constituting 

molecules of NOM, are greatly concerned in drinking water supplies due to their capability 

to react with chlorine to form hazardous disinfection byproducts and also their capability 

to adversely affect the removal for synthetic organic chemicals (SOCs) by activated carbon 

(AC) through competing for adsorption sites or blocking the access of SOCs to small pores 

where their adsorption is more effective. Accordingly, the investigation of the 

characteristics of NOM released from different soils under different pH conditions is 

important. 

On the other hand, for the removal of NOM, AC adsorption is reported as one of the 

most available techniques. Characterization of the NOM in terms of the adsorbability is 

also important, which needs the use of a model that could incorporate the competitive effect 

among all constituting NOM molecules, for example, the Modified Freundlich Isotherm 

Model that was developed for describing the adsorption of multicomponent organic 

mixtures. In addition, for evaluation of the adsorbability of polydisperse dissolved organic 

matter in water and wastewater, in most cases, the overall adsorption isotherms are 

generated on the basis of overall water quality indices, such as TOC, UV260, BOD and 

COD. Considering the time consumption, a comparatively simple approach that allows 

readily evaluation of the changes of the composition of NOM before and after adsorption 

is expected. Recently, with the advantages of high sensitivity, rapid measurement and no 

complex pretreatment, the fluorescence excitation emission matrix (EEM) spectroscopy 

has been increasingly applied in the evaluation of the composition of dissolved organic 

matter in marine water, river and wastewater, as well as the composition of natural organic 
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matter in soil environment. However, its application in studying the adsorption 

characteristics of NOM or dissolved organic matter in water and wastewater is limited. 

Fluorescence EEM may help to get insight into the adsorption characteristics of NOM; thus 

bringing about some new findings for better understanding the adsorption behavior of 

NOM.  

In this study, the physicochemical properties of NOM in Kani River catchment were 

investigated based on the released NOM from eight different types of soil origin: two types 

of broadleaf forest (BF-1 & BF-2), two coniferous forest (CF-1 & CF-2), two paddy fields 

(PF-1 & PF-2), and two vegetable fields (VF-1 & VF-2), under different pH conditions. 

For this, the working solutions obtained by direct dilution were subjected to the 

measurement of the overall concentration indices of DOC and UV260, fluorescence EEM 

and molecular weight (MW) distribution, respectively. For analysis of the adsorbability of 

the released NOM, three series of batch adsorption experiments were conducted, including 

the adsorption of NOM released from different forest and agricultural soils under neutral 

condition, the adsorption of NOM released from one representative soil under different pH 

conditions, and the adsorption of NOM by eight activated carbons (carbon A, B, C, D, E, 

F, G, H) with different pore size distribution and zeta potentials.  

The results obtained from the physicochemical properties of eight soils and the 

corresponding released NOM indicated that 1) the averaged content of organic matter 

followed the order VF < PF < BF < CF; 2) the release potential of NOM in soils varied 

greatly with the pH conditions, but the influences of soil types and the OM content were 

insignificant; 3) the concentration of released NOM under basic condition was tens of times 

larger than that under neutral and acidic conditions; and 4) humic acids (12.4-49.9%), 

fulvic acids (25.0-81.7%) and protein like substances (3.2-25.1%) were the predominant 

organic constituting fractions in the released NOM from all investigated soils. 

The results on adsorbability demonstrated that 1) the application of Modified 

Freundlich Isotherm Model on released NOM used in this study was feasible; 2) the 

adsorption behavior of NOM evaluated by DOC was mainly attributed to the adsorption of 

humic substances since they were the predominant components of the NOM released from 

different forest and agricultural soil; while, the adsorption behavior of NOM evaluated the 

index of UV260 was mainly attributed to the adsorption of protein-like substances; 3) the 
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average adsorption strength, defined here as the magnitude of the modified Freundlich 

constant based on different quality indices followed the order: CF > VF > PF > BF for 

DOC, VF > CF > PF > BF for UV260 and VF > PF > CF > BF for the fluorescence EEM-

based constituting fractions (P1, P2 and P3); 4) the adsorption strength of released NOM 

under neutral condition had stronger adsorbability than that under basic condition and then 

followed by that under acidic condition; and 5) humic acids were more adsorbable than 

fulvic acids and then followed by protein-like substances.  

In addition, the adsorption strength of the released NOM changed with the soil types 

and the AC types. For the ACs used in this study, carbon G was the most effective AC for 

adsorption of humic substances; while, carbon B was most effective for adsorption of the 

protein-like substances. Specially, the most effective pores of ACs for adsorption of humic 

substances were in the size region of above 30 Å; while those for protein-like substances 

were in the size region below 30 Å. 

The results of the physicochemical properties of released NOM and their adsorbability 

on different ACs can be used in the future studies on the fate and behavior of aquatic NOM. 

And these findings will also benefit for understanding the physicochemical characteristics 

of released NOM from different soils in catchment and for the ACs selection in wastewater 

and advanced drinking water systems. 
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Chapter 1  

INTRODUCTION 

1.1 Background 

Water is recognized as one of the precious resources. Though over 70% of the earth 

surface is covered by ocean, fresh water takes up only 0.01% of the word’s water. With the 

limited volume, the fresh water supports at least 100, 000 species activities of this planet 

(Dudgeon et al., 2006). For human lives, fresh water is considered as the best choice for 

drinking water resources, and the relevant studies about the advanced water treatment are 

the attention of researchers and engineers increasingly. 

NOM that ubiquitously present in aquatic environment, is a complex mixture of 

aromatic and aliphatic molecules that possess different functional groups and molecular 

sizes (Bell et al., 2014; Lee et al., 2015). Its concentration and composition are greatly 

dependent on the properties of water solvent and the NOM contained in catchments (Swift, 

1996; Gui et al., 2015). The properties of NOM mainly include the parameters such as 

temperature, pH, ionic strength and organic matter content. All these parameters also can 

greatly affect the feature and behavior of NOM in natural and engineered water systems 

(Li et al., 2003; Carstea et al., 2016).  

NOM in rivers is mainly released from soils of the adjacent catchments (Nelson et al., 

1992; Li et al., 2003; Hudson et al., 2007). In addition to the physicochemical properties 

of soils (including soil size, pH, ionic strength, organic matter content and metal element 

content, etc.), which differ greatly with the land usages (such as lands for forest and 

agriculture), the pH levels of water in contact with soils (rainwater, pore water in soils and 

river water) may significantly influence the extent and composition of organic matter 

released to rivers since the solubility of most soil organic species changes with pH (Swift 

1996; Thomas 1996; Hudson et al., 2007).  

Generally, NOM constitutes for the major part of DOM existed in the drinking water 
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sources of rivers and lakes. Humic substances, as the major constituting molecules of NOM, 

are greatly concerned in drinking water supplies due to their capability to react with 

chlorine to form hazardous disinfection byproducts and also their capability to adversely 

affect the removal for synthetic organic compounds (SOCs) by activated carbon through 

competing for adsorption sites or blocking the access of SOCs to small pores where their 

adsorption is more effective (Li et al., 2013; Yang et al., 2014; Chen and Hur, 2015). 

Activated carbon (AC) adsorption as one of the best effective and the most available 

methods, is widely used in the laboratory experiments and in practical application in 

wastewater and drinking water treatment. For NOM removals, pore size distribution (PSD) 

of ACs and the molecular size of NOM are reported as two important factors. Despite much 

more works about the specific pore regions where effective adsorption may take place are 

desired, the significant influence of PSD on the adsorption capacity has been well 

documented using the humic substances and ACs of variable sources and types (Ebie et al., 

2001; Li et al., 2003). Ebie et al. (2001) provided that adversary competitive effects of 

NOM on SOCs’ adsorption capacity changed with the PSD of ACs through the 

simultaneous adsorption of SOCs and natural occurring NOM. Regarding the molecular 

size effect of NOM, some researchers reported that the NOM with lower MW generally 

had higher adsorption capacity, but this finding was controversial with the results of some 

others (Summers and Roberts, 1988; Kilduff, et al., 1996; Gui et al., 2015).   

1.2 Objectives of this study 

The main objectives of this dissertation are to investigate the physicochemical 

properties of released NOM from soils to water, and to evaluate its adsorbability on AC. 

For the first objective, eight different forest and agricultural soils, located in the Kani River 

catchment of Japan, were collected and the relevant NOM solutions were prepared under 

different pH conditions. For the second objective, three series of batch adsorption 

experiments were carried out using the released NOM with different initial DOC 

concentration. The first series of adsorption experiments was conducted for comparing the 

adsorbability difference of released NOM from eight different investigated soils on one 

type of AC. The second series of adsorption experiments was executed for observing the 
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adsorbability difference of released NOM from a representative investigated soil under 

different pH conditions by using the same type of AC. The last series of experiment was 

performed for clarifying the adsorbability difference of released NOM from another 

investigated soil on eight different ACs. In order to achieve these, the released NOM before 

and after adsorption was subjected to the measurements for concentration (DOC and 

UV260) and composition (fluorescence EEM and MW distribution). And, the obtained 

batch adsorption experiment data were analyzed by fitting to the modified Freundlich 

isotherm model. 

1.3 Contents of the dissertation 

The thesis presented the findings obtained from the measurements of concentration 

and composition of released NOM before and after adsorption, and from the adsorbability 

analysis of associated NOM according to the modified Freundlich isotherm model. Chapter 

2 provides the review of literature on the composition and measurement indices of NOM. 

The physicochemical characteristics of released NOM from eight different forest and 

agricultural soils are interpreted in the Chapter 3. The results on the adsorbability 

difference of released NOM from eight different soil on one type of AC, the results on the 

adsorbability difference of NOM from one investigated soil under different pH conditions 

on the same type of AC, and the results on the adsorbability difference of NOM from one 

investigated soil on eight different ACs are shown in the Chapter 4, 5 and 6, respectively. 

In Chapter 7, the results on the correlation of the adsorption strength and the properties of 

released NOM and ACs are presented. Finally, the conclusions of this study and some 

considerations for future studies are presented in Chapter 8. 
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Chapter 2  

REVIEW OF LITERATURE 

2.1 Introduction 

This chapter aims to provide the knowledge about the NOM dissolved in the natural 

aquatic systems. The literature reviewed in section 2.2 summarized the basic information 

regarding the composition of NOM, with emphasis placed on the terminologies for 

describing dissolved organic matter, and on the mechanism of NOM released from soils to 

water. The section 2.3 focused on the evaluation indices regarding the removal for NOM 

in laboratory experiments and water and wastewater treatment. 

2.2 Composition of NOM 

NOM that ubiquitously presents in aquatic environment is a complex mixture of 

aromatic and aliphatic molecules possessing different functional groups, molecular sizes, 

hydrophobicity and dissolving capacity (Malcolm 1990; Bell et al., 2014; Lee et al., 2015). 

The studies on the concentration and composition of NOM in water as well as its removal 

efficiency by different methods are a great interest of many researchers and engineers at 

home and abroad, since NOM can affect the color, taste and odor of water,  bind or transport 

dissolved organic and inorganic contaminants, produce undesirable disinfection 

byproducts during chlorination, provide the sources and sinks for global carbon recycle, 

and mediate the photochemical process (Leenheer and Croue 2003: Li et al., 2003; 

Stedmon et al., 2003; Kalibbala et al., 2011). For NOM, a range of terminologies are used 

for studying its specific organic species. In order to clarify the composition of NOM in 

water, the terms widely appeared in literatures are provided in the following Venn diagram 

(Pagano et al., 2014). 
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Fig. 2.1 Simplified Venn diagram of different terminologies for describing  

organic matter in aquatic systems. 

 

As shown in Fig. 2.1, NOM, mainly including dissolved organic matter (DOM) and  

undissolved organic matter, is often reflected by the total organic carbon (TOC) since 

organic carbon generally occupies about 50% by weight of the constituting organic species, 

from methane with small molecules to proteins with larger molecular structures present in 

natural water (Thurman, 1985). DOM is commonly used for the discussion of dissolved 

organic substances; in many cases, it is quantitatively evaluated by dissolved organic 

carbon (DOC), although DOM makes up of organic carbon, organic nitrogen (DON) and 

organic phosphorus (DOP). Physically, the term of DOC is categorized as the organic 

specie m membrane filter (McDonald et al., 2004). And, 

organic matter detained on the filter is generally considered as the particulate organic 

carbon (POC). 

For the term of DOC used in natural water, it can be further divided based on its 

composition into humic substances and non-humic substances. Leenheer et al. (2003) and 

Li et al. (2003) reported that humic substances containing both aromatic and aliphatic 

components with amid, carboxyl and other functional groups are the predominant 

proportion of NOM in surface water. Actually, humic substances can be further categorized 

into humic acids, fulvic acids and humin that exhibit different solubility properties at 
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different pH conditions (Lamar et al., 2014). Humic acids are the insoluble organic 

constituents under the condition of pH < 2 and possess the largest molecular weight (MW) 

(in the range of 1500-5000 Da) in natural water (Malcolm 1990). Fulvic acids are soluble 

at all pH levels found in nature aquatic systems with the MW range of 600-1000 Da in 

natural waters (Malcolm 1990), while humin is not soluble at any pH levels (McDonald et 

al., 2004). Moreover, compared with humic acids that are characterized with more phenolic 

and aromatic groups with longer aliphatic chains, fulvic acids structured with more 

carboxylic groups and oxygen atoms are more polar and are thus more soluble in water. 

The corresponding properties of humic acids, fulvic acids and humin are described in Fig. 

2.2. The intensity, degree of polymerization, MW and carbon content increased from fulvic 

acids to humin; whereas, their oxygen content, exchange acidity and degree of solubility 

decreased. 

 

 

Fig. 2.2 Chemical properties of humic substances. 

Source: http://karnet.up.wroc.pl/~weber/kwasy2.htm. 

 

On the other hand, as the predominant constituents of NOM released from adjacent 

catchment to aquatic systems, their concentration and composition in water are closely 
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related with the properties of water and the origins of NOM (Swift, 1996; Gui et al., 2015), 

such as the temperature, pH, ionic strength, and organic matter content, and these properties 

greatly affect the feature and behavior of NOM in natural and engineered water systems 

(Li et al., 2003; Carstea et al., 2016). The release mechanism of NOM under different pH 

conditions are described in the Fig. 2.3. 
 

 

Fig. 2.3 The release mechanism of NOM under different pH condition. 
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As shown in Fig. 2.3, NOM in the mixture of soil and water includes two aspects:  

NOM on the soil mineral surface and NOM released to water. When pH of the mixture 

decreases, the intensity of positive charges surrounding the mineral, induced by the 

protonated functional groups increases and the electronegative charge of NOM, produced 

by its dissociation decreases. This promotes the complex formation and NOM adsorption 

on the soil mineral surface, resulting in a decrement of NOM’s release to water. On the 

contrary, when pH increased, the complex formation and NOM adsorption are inhibited, 

resulting in an increment of NOM’s release to water (Avena and Koopal, 1998; Grybos et 

al., 2009). 

NOM constitutes for a major part of DOM existed in drinking water sources. Humic 

substances, as the major constituting molecules of NOM, are greatly concerned in drinking 

water supplies (Li et al., 2013; Yang et al., 2014; Chen and Hur, 2015). Therefore, a review 

of the evaluation indexes for the fate and behavior of NOM in the natural and engineered 

water processes, including water treatment, is also important. 

 

2.3 Adsorption strength of NOM 

NOM is defined as the complex matrices of organic components that significantly 

affect the water quality of drinking water supplies (Matilainen et al., 2002; Li et al., 2003). 

Activated carbon (AC) adsorption is recognized as one of the best available techniques for 

advanced removal of NOM in water sources. For evaluation of its adsorption strength on 

AC, the overall adsorption isotherms are generally obtained on the basis of overall water 

quality indices, such as TOC and ultra-violet absorbance at the wavelength of 260nm 

(UV260) (Amat et al., 2009; Yang et al., 2014; Lee et al., 2015). In order to characterize 

the adsorbability of the organic mixture further, several researchers have conducted 

adsorption studies using fractionated water samples on the basis of molecular size, and the 

hydrophilic and hydrophobic feature of the constituting components (Lee et al., 2006; Lee 

et al., 2015). 

In addition, as a comparatively simple approach, measurement of the changes of the 

composition of NOM before and during adsorption based on the apparent MW using 
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HPSEC and charge density could also provide information related to the adsorption 

characteristics of NOM that could not be achieved by the overall adsorption isotherms of 

either TOC or UV260 alone (Li et al., 2003; Stedmon et al., 2003). In HPSEC analysis, 

NOM are separated primarily on the basis of molecular sizes: larger molecules elute earlier 

from the column, while the smaller ones later (Potschka, 1993). Through this method, 

Collins et al. (1986) reported that the constituting molecules of NOM with smaller MW 

are difficult for removal than larger ones, particularly the fraction with the MW below 500 

Da. Amy et al. (1992) reported that humic acids with the MW in the range of 5000-1000 

Da are good candidates for chemical coagulation.  

Recently, in addition to conventional water quality indices, the fluorescence EEM 

spectroscopy has been increasingly employed for the evaluation of the composition of 

organic matter in marine and river water systems, wastewater and soils (Chen et al., 2003; 

Ohno et al., 2007). Using this technique, organic matter can be evaluated based on the 

peaks appeared on the obtained EEM images reported to be able to represent different 

constituting organic fractions, such as humic acids, fulvic acids and protein-like substances. 

For adsorption treatment of drinking river and lake water sources, some new findings 

related to the adsorption characteristics of NOM may be expected, if the evaluation of its 

composition based on the fluorescence EEM is combinedly applied, which needs 

systematical studies. Lee at al. (2015) demonstrated that the adsorption strength of NOM 

under pH 4 was higher than that under pH=6 by analyzing the FI ratio changes of two 

humic-like components. 
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Chapter 3  

CHARACTERISTICS OF NOM RELEASED TO 

WATER FROM DIFFERENT FOREST AND 

AGRICULTURAL SOILS 

3.1 Introduction 

NOM contained in soils of forest and agricultural fields of the adjacent catchment of 

rivers and lakes, such as broadleaf forest, coniferous forest, paddy field and vegetable field, 

are the main sources of NOM existed in the freshwater environment. Regarding the 

complex mixture of aromatic and aliphatic molecules that possess different functional 

groups (Lamar et al., 2016), Guigue et al. (2015) reported that the pH of released NOM 

solution from different types of soil origin as forest, grassland and cropland varied in the 

range of 5.0-6.4. Moreover, as the major constituting molecules of NOM, humic substances 

and protein-like substances are of considerable concern worldwide in drinking water 

supplies due to their capability to react with chloride to form hazardous disinfection 

byproducts and also due to their capability to adversely affect the removal for synthetic 

organic compounds (SOCs) by activated carbon through competing for adsorption sites or 

by blocking the access of SOCs to small pores where their adsorption is more effective (Li 

et al., 2002).  

Therefore, the investigation of the characteristics of NOM released to water from 

different soil origins is significant for comprehensive understanding of the presence and 

behavior of DOM in freshwater (Liu et al., 2015), and for finding optimal conditions for 

drinking water treatment. The major objective of the research described in this chapter was 

to evaluate the characteristics of released NOM from different forest and agricultural soils. 

The release potential of NOM in the soils was compared by using eight different types of 

soil of forest and agricultural sites distributed over a representative river catchment. The 
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characteristics of the released NOM were then evaluated based on the indexes of SUVA 

(specific ultraviolet absorbance), fluorescence EEM and MW distribution. The 

corresponding proportions of humic substances and protein-like substances appeared on 

fluorescence EEM images of released NOM were estimated. 

3.2 Materials and methods 

3.2.1 Sampling site 

Kani River, which originates from the Mizunami-City and flows through the city of 

Kani in Gifu Prefecture of Japan, is a major tributary of the Kiso River with the forest 

coverage of about 80% and is the largest system in the central Japan area used to supply 

water for drinking, industrial and agricultural purposes. As depicted in Fig. 3.1, eight 

different forest and agricultural soils, including two broadleaf forest (BF-1 and BF-2), two 

coniferous forest (CF-1 and CF-2), two paddy field (PF-1 and PF-2) and two vegetable 

field (VF-1 and VF-2) were collected within the depth of 0-20 cm after cleaning up the 

surface plant residues or stones, and then stored at 4 °C in the dark to avoid biological 

activity prior to the release of NOM. 

 

 

Fig. 3.1 Sampling sites of the investigated soils. 
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3.2.2 Release of NOM 

For the eight forest and agricultural soils, the release of NOM was conducted at three 

pH levels (2, 7 and 11), respectively. As displayed in Fig. 3.2, for each soil, NOM solution 

was obtained by following the procedures: i) adding 1 kg of soil in 6 L of pretreated tap 

water of Gifu University by adsorption through a fixed bed granular activated carbon (GAC) 

adsorber for removing DOM contained in the tap water; ii) agitating the soil solution in a 

8 L glass bottle with a mixer at 500 rpm for 7 days and then allowing settlement for one 

day, iii) centrifuging the supernatant at 12000 rpm for 5 min, and then filtering the 

separated solution with 0.2 m membrane filter (Toyo Roshi, Japan) and finally storing the 

filtrated solution in a refrigerator at 4 °C prior to analysis. The reason for agitating the soil 

solution for seven days was to ensure that the release extent of NOM from soil had reached 

its maximum level through the observed time profiles of DOC and UV260. 
 

 

Fig. 3.2 Release procedures of NOM contained in investigated soils. 

3.2.3 Analysis of released NOM 

The overall concentration of the released NOM from different soils was quantified 

using DOC with a total organic carbon analyzer (TOC 5000, Shimadzu Co.) and the UV260 

with the UV-visible spectrophotometer (Model UV-1600, Shimadzu Co.), respectively. 

SUVA, defined as the ratio of UV260 to DOC, was calculated to reflect the differences of 

organic species in aromaticity. 



Chapter 3                                                            Characteristics of NOM released to water 
 

14 
 

The fluorescence EEM of the released NOM was analyzed using a fluorescence 

spectrophotometer (RF-5300, Shimadzu Co.). The excitation scans were performed in the 

range of 220-480 nm with 5 nm increments and the emission spectral from 280-550 nm 

with 1 nm interval. The obtained EEM was normalized to the quinine sulfate unit (QSU) 

by dividing the fluorescence intensity (FI) of all samples with that of 10 ppb quinine sulfate 

(in 0.05 M H2SO4) at the designated wavelengths of Ex/Em=350/450 nm (Hudson et al., 

2007). To minimize the inner filter effect, all samples were subjected to EEM measurement 

after dilution with Milli-Q to make the DOC concentration below 2 mg/L. 

The MW distribution of the released NOM from each soil was analyzed using a high-

performance size exclusion chromatography system (HPSEC) that consisted of a silica 

chromatographic column (GL-W520-X 10.7×450 mm, Hitachi Co.) and a UV260 detector 

(Model LC-10AV, Shimadzu Co.). The mobile phase containing 0.02 M Na2HPO4 and 

0.02 M KH2PO4 was used as the eluent and was supplied to the column at the constant flow 

rate of 0.5 ml/min. For calibration, three polystyrene sulfonates (PSS) with known MWs 

of 1430, 4950 and 6530 g/mol were used and a good linear correlation (R2 = 0.998), 

log10(MW) = 5.029 - 0.476t, was ensured (t is the elution time in minute). In addition, based 

on the obtained MW chromatograms, the weight-averaged (Mw) and number-averaged (Mn) 

MW, and the polydispersity of the released NOM were calculated according to the 

following expression described in previous literatures (Karanfil et al., 1996; Kilduff et al., 

1996; Li et al., 2003). 

 

 

where, MWi(t) is the MW as a function of the elution time t, hi(t) is the detector response 

and Δt is the time interval. Polydispersity, a parameter calculated by the ratio of computed 

Mw to Mn (Polydispersity = Mw/Mn) was adopted for evaluating the differences in the 

heterogeneity of NOM released from different soil types under different pH conditions. 
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3.3 Results and discussion 

3.3.1 Characteristics of investigated soils 

3.3.1.1 Organic matter content of investigated soils 

 
Fig. 3.3 The OM content of eight forest and agricultural soils. 

 

As plotted in Fig. 3.3, the organic matter (OM) content of investigated forest and 

agricultural soils, analyzed according to the method of weight loss on ignition, varied 

greatly with the soil types in the range of 6.6-14.0%. By grouping based on the soil types, 

the averaged content of OM followed the order: VF (7.1%) < PF (8.8%) < BF (10.2%) < 

CF (13.1%). Similar results were provided in previous studies (Celik et al., 2005; Guigue 

et al., 2015; Liu et al., 2015). Celik (2005) reported an increasing order of OM content 

among different soil types as: farmland < grassland < scrubland < forestland. Guigue et al.  

(2015) concluded that the soil organic carbon (SOC), total nitrogen (TN) as well as the 

ratio of carbon to nitrogen (C/N) of cropland were lower than those of grassland, and then 

followed by those of forest. Liu et al., (2015) summarized that the OM content decreased 

during the conversion process of forest and pasture soils into agricultural soils. All these 

findings demonstrated that the OM content of forest soils are higher than that of agricultural 
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soils. The reason for this difference probably is the loss of organic matter in the agricultural 

soils due to agricultural activities, such as the application of lime, manure, fertilizer, 

pesticide and herbicide as well as the irrigation and harvest of crops (Haynes et al., 1998). 

3.3.1.2 Release potential of NOM from investigated soils 

The release potential of NOM from soils under the experimental conditions of this 

study is defined as the released content of organic matter to water (measured as organic 

carbon, OC) divided by the total content of OM in each soil. The values of the release 

potential determined for all the soils under three different pH conditions are shown in Fig. 

3.4. It is interesting to see that, reflecting significantly enhanced release of OM to water by 

increasing pH, the release potential of NOM under the basic condition (5.5-20.0 mg-

DOC/g-OM) were several or tens of times larger than those under the neutral (0.4-3.0 mg-

DOC/g-OM) and acidic (0.6-2.3 mg-DOC/g-OM) conditions. The enhanced release of 

NOM to water from soils by increasing pH is a result of enhanced dissociation or 

desorption of NOM molecules from soils where NOM molecules are fixed on the soil 

particle surface through sorption onto and/or complexation with minerals of soils (Avena 

and Koopal, 1998; Grybos et al., 2009). 

 

 

Fig. 3.4 Release potential of NOM in eight forest and agricultural soils  

under different pH conditions. 
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Under the neutral condition, the mean release potential of NOM changed with the 

investigated types of soil in the following order: VF (0.4 mg-DOC/g-OM) < PF (0.7 mg-

DOC/g-OM) < CF (1.0 mg-DOC/g-OM) < BF (2.62 mg-DOC/g-OM), and this order is 

different from the order of the OM content in the soils discussed earlier: VF (7.1%) < PF 

(8.8%) < BF (10.2%) < CF (13.1%). This indicates that the release potential of NOM is 

influenced by the types of soil origin rather than the OM content, and that the release 

potential of OM from forest soils was generally higher than that from agricultural soils.  

3.3.2 Characteristics of released NOM 

3.3.2.1 Physicochemical characteristics of released NOM 

As presented in Table 3.1, the equilibrium pH of NOM solutions released from 

different types of soil origin under three strictly controlled pH values (2, 7 and 11), varied 

in the range of 1.9-2.2, 6.4-7.4 and 9.5-10.6, respectively. And this might be attributed to 

the differences in functional groups of released NOM from different soils (Yang et al., 

2014).  

Moreover, for the overall concentration (DOC and UV260), the values of released 

NOM under basic conditions (60.3-339.7 mg/L and 331.5-2715.7 m-1) were several to tens 

of times larger than those under neutral conditions (4.0-52.3 mg/L and 12.5-1257.8 m-1) 

and those under acidic conditions (9.2-30.5 mg/L and 43.6-216.4 m-1), indicating that more 

organic species were released under basic conditions. Contrary to the results of DOC and 

UV260, the electrical conductivity (EC) that reflects the ionic strength of the NOM solution 

was much higher under the acidic condition (665.0-1115.0 mS/m) than those under the 

neutral (5.6-21.7 mS/m) and basic (58.1-156.7 mS/m) conditions. This is conceivable since 

under acidic condition more inorganic ions could release from soils, together with fulvic 

acids that have higher hydrophilic nature than humic acids. In addition, except the released 

NOM from VF-1 under acidic condition, the DOC concentration of NOM released from 

other three forest soils was higher than those from agricultural soils under all three pH 

conditions, thus suggesting that forest soils can contribute more NOM species to water 

environments than agricultural soils. 
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Table 3.1 Physicochemical characteristics of NOM released from investigated soils 

under different pH conditions. 

 Samples pH 
EC DOC UV260 UV390 SUVA Mw Mn Polydis

persity mS/m mg/L m-1 m-1/(mg/L) g/mol as PSS 

Acidic 
(pH 2) 

BF-1 2.0 665.0 27.4 83.1 7.0 3.03 6940 6299 1.10 

BF-2 1.9 739.0 30.5 76.5 6.0 2.50 6878 6181 1.11 

CF-1 2.1 755.0 28.7 72.4 6.0 2.52 6793 6132 1.11 

CF-2 2.1 791.0 17.5 42.8 3.2 2.45 6771 6054 1.12 

PF-1 2.2 847.0 11.0 216.4 11.4 19.65 4752 3821 1.24 

PF-2 2.1 835.0 9.2 95.4 5.4 10.37 4652 3691 1.26 

VF-1 2.2 1115.0 28.5 142.1 10.7 4.99 5731 5029 1.14 

VF-2 2.2 1000.0 14.0 43.6 2.9 3.12 6955 6718 1.04 

Neutral 
(pH 7) 

BF-1 7.0 8.8 37.1 391.6 74.5 10.55 8013 7494 1.07 

BF-2 6.8 12.2 52.3 1257.8 301.3 24.03 7864 7248 1.09 

CF-1 6.8 5.6 32.0 145.3 17.5 4.54 7805 7381 1.06 

CF-2 6.8 8.0 11.3 40.7 5.4 3.59 7704 7239 1.06 

PF-1 6.4 6.7 8.1 35.7 5.3 4.39 7617 7173 1.06 

PF-2 6.6 6.7 10.8 88.3 14.9 8.21 7639 7197 1.06 

VF-1 7.4 21.7 4.5 19.5 3.1 4.36 7407 6831 1.08 

VF-2 6.6 10.0 4.0 12.5 1.8 3.11 7413 6856 1.08 

Basic 
(pH 11) 

BF-1 10.0 78.1 330.6 2347.5 451.4 7.10 8013 7494 1.07 

BF-2 10.2 94.2 339.7 2715.7 530.5 7.99 7864 7248 1.09 

CF-1 9.5 58.1 263.4 1027.3 158.1 3.90 7805 7381 1.06 

CF-2 10.2 95.1 188.5 656.9 104.1 3.49 7704 7239 1.06 

PF-1 10.3 156.7 145.0 701.0 140.6 4.83 7617 7173 1.06 

PF-2 10.4 155.0 163.9 861.9 179.6 5.26 7639 7197 1.06 

VF-1 10.6 130.5 93.3 426.6 94.4 4.57 7407 6831 1.08 

VF-2 10.6 79.4 60.3 331.5 59.4 5.50 7413 6856 1.08 
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Fig. 3.5 SUVA of released NOM from eight forest and agricultural soils under different 

pH conditions. 
 

The difference in the UV-absorbing capability of released NOM from different forest 

and agricultural soils under acidic, neutral and basic conditions was evaluated based on the 

parameter of SUVA that partly reflects the aromaticity of released NOM. As displayed in 

Table 3.1 and Fig. 3.5, for all four forest soils (BF-1, BF-2, CF-1 and CF-2), the SUVA 

values under different releasing pH conditions decreased in the following order: neutral 

condition [3.6-24.0 m-1/(mg/L)] > basic condition [3.5-8.0 m-1/(mg/L)] > acidic condition 

[2.5-3.0 m-1/(mg/L)]; for the four agricultural soils, however, the changing trend in the 

magnitude of SUVA with pH was not unique and differed with soils. Moreover, under 

acidic condition, the released NOM from agricultural soils was found to possess higher 

aromaticity than that from forest soils. 

On the other hand, under the neutral condition, the average SUVA from the soil of BF 

[17.3 m-1/(mg/L)] was larger than that of PF [6.3 m-1/(mg/L)], CF [4.1 m-1/(mg/L)] and VF 

[3.7 m-1/(mg/L)]. This differed with the finding of Guigue et al. (2015) who reported that 

the SUVA of NOM extracted from forest soils was lower than that from cropland soils, 

thus indicating that the content of aromatic organic molecules contained in and released 

from soils is affected by the types of soil origin and the pH of the contacting water. In 

addition, compared to the SUVA values of dissolved OM in reservoir, lake and river water 

(Kalibbala et al., 2011; Li et al., 2013; Yang et al., 2014; Chen and Hur, 2015; Aschermann 
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et al., 2016), the SUVA of the released NOM under neutral condition in this study was 

larger. For instance, the SUVA of NOM in Maji ya Chai River (Aschermann et al., 2016), 

originated from a tropical swamp, changed in the range of 2.3-5.7 m-1/(mg/L) with seasons; 

while, the SUVA of a surface area in Masaka (Kalibbala et al., 2011) showed a value of 4 

m-1/(mg/L); and the SUVA values of Nagara River after a storm rain varied in the range of 

1.3-2.8 m-1/(mg/L) (Li et al., 2005). This may indicate that the NOM directly released from 

soils possess relatively higher aromaticity or a higher content of humic substances. 

3.3.2.2 Fluorescence characteristics of released NOM 

The fluorescence characteristics of NOM released from all eight soil samples under 

acidic, neutral and basic conditions are shown in the Fig. 3.6 - Fig. 3.8, respectively. It is 

obvious that, in coincidence with previous studies (Baker 2002; Yamashita et al., 2008; 

Yang et al., 2015; Carstea et al., 2016), three predominant peaks were obtained through the 

method of peak-picking (Carstea et al., 2016). For the two common apparent peaks, 

reported to reflect humic acids (P1) and fulvic acids (P2) at the Ex/Em of 325/445 nm and 

230/445 nm(Baker, 2001; Liu et al., 2011), they were appeared in all of the fluorescence 

profiles of released NOM, regardless of the releasing pH condition. For the peak (P3) 

located at the Ex/Em of 230/370 nm that reflects protein-like substances (Yu et al., 2014; 

Carstea et al., 2016), it was only presented in the NOM released from broadleaf forest soils 

(BF-1 and BF-2) and the agricultural soil PF-2 under neutral condition. This may be 

attributable to the estimation that relevant organic species were only contained in the 

broadleaf forest soils and similar constituents were introduced to paddy field by related 

agricultural activities. In addition, compared to P3 appeared in the released NOM under 

acidic conditions, P3 appeared in the released NOM under neutral and basic conditions was 

in association with a comparatively lower excitation wavelength, probably due to the 

difference in the functional groups of the two protein-like substances.  

On the other hand, the fluorescence components (P1, P2 and P3) appeared in this study 

were widely detected in river, marine, domestic wastewater and drinking water system 

(Baker, 2002; Yamashita et al., 2008; Yang et al., 2015). Baker (2002) reported that humic 

acids, fulvic acids and tryptophan were the main components of River Tyne, and that the 

fluorescence EEM spectrophotometry has the potential to be used for pollution detection 

and monitoring of river systems. Through investigation of the fluorescence components in 
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DOM from Ise Bay, Yamashita et al. (2008) identified humic acids, fulvic acids and two 

protein-like components and then exemplified the potential applicability of fluorescence 

EEM in the studies of fluorescence NOM dynamics in estuaries. By reviewing the 

fluorescence components of drinking water and wastewater treatment systems, Yang et al. 

(2015) classified the humic acids, fulvic acids and protein-like substances, and analyzed 

the corresponding composition of dissolved NOM. 
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Fig. 3.6 Fluorescence EEM of released NOM from eight forest and agricultural soils 
under acidic condition. 
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Fig. 3.7 Fluorescence EEM of released NOM from eight forest and agricultural soils 
under neutral condition. 
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Fig. 3.8 Fluorescence EEM of released NOM from eight forest and agricultural soils 
under basic condition. 
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3.3.2.3 MW distribution of released NOM 

The profiles of MW distribution of released NOM from eight different forest and 

agricultural soils under acidic, neutral and basic conditions are displayed in the Fig. 3.9 - 

Fig. 3.11, respectively. It is clear that, the remarkable differences of the HPSEC profiles 

of the released NOM under different pH conditions existed with the peak having the largest 

MW of 9795 g/mol as PSS, since this peak did not appear in the released NOM from all 

the investigated soils under acidic conditions, but only appeared in the NOM from forest 

soils under neutral conditions as well as that from all investigated soils under basic 

conditions.  

Moreover, irrespective of the pH conditions, the HPSEC profiles of the released NOM 

from forest soils or those from agricultural soils were similar. The differences between 

forest and agricultural soils were obvious for NOM released under acidic and neutral 

conditions. For all the forest soils, aside from the differences of NOM absorbance 

intensities, the differences in the peak patterns were less significant. The same finding was 

also confirmed for the investigated agricultural soils.  
 

 

Fig. 3.9 MW distribution of released NOM from eight forest and agricultural soils  

under acidic condition. 
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Fig. 3.10 MW distribution of released NOM from eight forest and agricultural soils  

under neutral condition. 
 

 

Fig. 3.11 MW distribution of released NOM from eight forest and agricultural soils  

under basic condition. 
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It is also worth noticing that the levels of the detected absorbance intensity could be 

an indication of NOM enrichment with various aromatic functional groups released from 

soils (Huang et al., 2016). 

In order to obtain more information on the MW characteristics of released NOM, the 

Mw, Mn and polydispersity were computed and are tabulated in Table 3.1. For the released 

NOM from forest soils under three different pH conditions, Mw varied within the ranges 

of 6771-6940, 7704-8013 and 8058-8100 g/mol as PSS and Mn changed in the ranges of 

6054-6299, 7239-7494 and 7553-7665 g/mol as PSS, while, for that from agricultural soils, 

the Mw ranges were 4652-6955, 7407-7639 and 7604-8039 g/mol as PSS and the Mn 

ranges were 3821-6718, 6856-7173 and 7447-6966 g/mol as PSS, respectively. All these 

results demonstrated that forest soils could release more compounds with comparatively 

larger MW than agricultural soils. On the other hand, compared to the polydispersity of 

released NOM under acidic conditions (1.04-1.26), the difference under neutral (1.06-1.09) 

and basic (1.06-1.10) conditions was less apparent. These findings may imply that the 

organic species released from investigated soils under acidic conditions were more 

complex. 

In addition, compared to the river water NOM (Li et al., 2003; Huang et al., 2015), the 

MW of the released NOM under neutral conditions were larger, but the range of 

polydispersity was narrower. This could be attributed to the decomposition of NOM with 

the changing properties of water, such as pH, ion strength and so on, during the process of 

transportation to water environment (Wang et al., 2006). 

3.3.3 Composition of the released NOM from investigated soils 

As mentioned above, humic acids (P1), fulvic acids (P2) and protein-like substances 

(P3) were the predominant organic matter of released NOM from different forest and 

agricultural soils. For qualitative and quantitative analysis of humic substances in soil and 

aquatic systems, pH adjustment and resin column separation, proposed by International 

Humic Substances Society (IHSS), are well used. The method was also adopted for 

quantification of humic substances contained in ores and commercial products (Lamar et 

al., 2014). On the other hand, for protein-like substances, comparatively simple and 

effective methods are desired. During the batch adsorption experiments for released NOM, 
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which will be illustrated later in Chapter 5 and Chapter 6, we found that the adsorbability 

difference of the three predominant components (P1, P2 and P3) was obvious and that the 

adsorbability of the P3 reflected protein-like substances was very low, since as to be 

displayed later in Fig. 5.11 and Fig. 6.3, by increasing the AC dose, P1 and P2 were 

removed completely; however, P3 was still remaining even when the AC dose was 

increased to very high levels (5 and 10 g/L). With this finding, a linear relationship between 

DOC and the fluorescence intensity (FI) of the P3 was established, as shown in Fig. 3.12, 

using the data set for this peak remaining after adsorption under higher AC doses where 

humic acids and fulvic acids reflected by P1 and P2 had been completely removed from 

the solutions.  

 

 

Fig. 3.12 Correlation of DOC with the fluorescence intensity (FI) for the protein-like 

substances (P3) in solutions after adsorption by ACs. 

 

From this correlation, the P3 content of the released NOM from each soil type under 

neutral condition, evaluated as organic carbon (DOC), was estimated from the FI of P3. 

And, the content of P1-reflected humic acids was determined as the difference of DOC for 

each NOM solution before and after pH adjustment from 7 to 2 (Lamar et al., 2014). Finally, 

the DOC concentration for fulvic acids reflected by P2 was estimated as the difference 

between the total DOC and the DOC of both P1 and P3. The estimated results on the 
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composition of NOM based on DOC for all 8 soil types are plotted in Fig. 3.13. For BF-2, 

P1 was the largest fraction, whereas, for the other seven types of soil origin, P2 was the 

largest. For all 8 soil types, the released humic acids (P1), fulvic acids (P2) and protein-

like (P3) substances varied in the range of 12.4-49.9%, 25.0-81.7% and 3.2-25.1%, 

respectively, indicating obvious differences with the types of soil.  

 

 

Fig. 3.13 The percentage of components (P1, P2 and P3) contained in NOM released 

under neutral conditions. 

3.4 Summary 

Through the study on the characteristics of released NOM from different forest and 

agricultural soils, following findings were obtained: i) the average content of OM followed 

the order: VF < PF < BF < CF and the release potential of NOM contained in soils was 

significantly influenced by the pH conditions of contacting water, rather than  by the OM 

content; ii) the concentration of released NOM under basic condition was tens of times 

larger than that under neutral and acidic conditions; iii) under neutral pH condition, the 

content of humic acids (12.4-49.9%), fulvic acids (25.0-81.7%) and protein like substances 

(3.2-25.1%) in the released NOM varied significantly with the types of soil origin, and iv) 

forest soils generally released more organic species with larger MW as compared to 

agricultural soils. 
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Chapter 4 

ADSORBABILITY OF RELEASED NOM FROM 

DIFFERENT FOREST AND AGRICULTURAL SOILS  

4.1 Introduction 

The concentration and composition of NOM extracted from different types of soil 

origin are greatly influenced by environmental factors, such as geology, topography, 

vegetation, soil types, as well as the microbial and human’s agricultural activities (Nelson 

et al., 1992; Kaiser et al., 2000; Zsolnay, 2003), since most of the released NOM 

constituents largely derived from the terrestrial soil organic matter have undergone a series 

of soil sorption-desorption and biodegradation before entering into the adjacent aquatic 

systems (Jaffe et al., 2008). As illustrated in Chapter 3, the NOM released from eight forest 

and agricultural soils possess obviously different characteristics. Moreover, although the 

proportion of NOM referencing to water-soluble structures either free in the soil matrix or 

adsorbed onto the minerals of different pore sizes only represents roughly < 1% of the total 

organic matter (Zsolnay 2003; Haynes and Donald, 2005), it plays a multifaceted role in 

aquatic ecosystems (Dudal et al., 2005; Hood et al., 2009), in global carbon cycle (Graeber 

et al., 2012) and in the removal for advanced drinking water treatment (Baghoth et al., 2011) 

after released to water. Therefore, the studies on the removal approaches of released NOM 

from water are expected, particularly, the comparison of adsorbability difference on 

activated carbon is of high significance. 

In view of the above, the major objective of this study was to investigate the 

characteristics of the released NOM from eight different types of soil origin under neutral 

condition in terms of the adsorption behavior (the changing trend of overall concentration 

assessed by different water quality indexes, and the composition changes assessed by 

fluorescence EEM and MW distribution as the dose of AC increased), and the  adsorptive 
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strength by a same type of AC estimated by analyzing observed isotherm data with the 

modified Freundlich isotherm model.  

4.2 Materials and methods 

4.2.1 Batch adsorption experiments 

For the batch adsorption experiment of each released NOM attained as presented in 

the section of 3.2.2 under neutral pH condition, two working solutions with different initial 

DOC concentrations, referred hereafter as WS-1 and WS-2, were prepared by directly 

diluting the corresponding released NOM solution with the pretreated organic carbon-free 

tap water, respectively. For each working solution, the batch adsorption experiment was 

executed following the bottle-point method of variable AC doses using 500 ml flasks sealed 

with Teflon-lines Rubber septa. To each flask, 100 ml of the working solution was added, 

followed by addition of the adsorbent with a designated dose within the range of 0-5 g/L. 

All flasks were shaken for 7 days to allow adsorption to reach equilibration. In order to 

minimize the solution chemistry effect on adsorption caused by dilution, the ionic strength 

of all working solutions were adjusted in advance to a same level based on the working 

solution that had the highest EC value (20 mS/m) using 0.5 M of NaCl. The values of pH 

of all working solutions were adjusted to the same value of 7.0 with 0.5 M of HCl or NaOH. 

After reaching equilibration, AC was separated by filtering the solution through 0.2 m 

membrane filters and the obtained filtrate was subjected to the concentration and 

composition analysis. 

4.2.2 Analysis of NOM before and after adsorption 

The analysis of the concentration (DOC and UV260) and composition (fluorescence 

EEM and MW distribution) of NOM before and after adsorption was carried out by 

following the methods illustrated in the section of 3.2.3. 
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4.2.3 Activated carbon 

Pulverized Filtrasorb-400, a coal-based AC that has been widely used for laboratory 

research and advanced water treatment application, was selected as the adsorbent for batch 

experiments of adsorption of released NOM from eight different types of soil origin. The 

AC was obtained by pulverizing the market-available granular activated carbon (GAC) and 

then sieving to particles below 45 m, followed by washing and rinsing with Milli-Q for 

removal of fines, and drying in an oven (Yamato Co., Japan) at 105 °C overnight. In order 

to minimize the impacts of ash impurities, prior to pulverizing, the GAC was washed with 

Milli-Q for several times and subsequently boiled in Milli-Q for about 1 hour before drying 

at 105 °C. 

4.2.4 Modified Freundlich model 

Taking into account the heterogeneous nature of released NOM, like adsorption 

isotherms of previous studies with humic substances or DOM in water and wastewater 

sources (Kilduff et al., 1996; Karanfil et al., 1996; Hyung et al., 2008), the isotherm data 

of batch adsorption experiments for the released NOM from eight different types of soil 

origin were analyzed using the followed modified Freundlich isotherm model: 

 

where, q  is equilibrium solid phase concentration, C is equilibrium liquid phase 

concentration, DAC is activated carbon dose, and K and 1/n are the adsorption parameters 

reflecting the adsorption strength of adsorbate and its affinity with the adsorbent, 

respectively. For the equilibrium concentration of NOM adsorbed on the unit mass of 

adsorbent, q was computed by the mass balance equation, ; where, C0 is the initial 

concentration of NOM in each working solution. 
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4.3 Results and discussion 

4.3.1 Adsorption behavior of released NOM 

4.3.1.1 Changing trend of the residual rate of released NOM 

The residual rates of released NOM from investigated soils after adsorption with 

different AC doses were computed based on the indices of DOC, UV260 and the 

fluorescence intensity (FI) of components (P1, P2 and P3) and are depicted in the Fig. 4.1 

and Fig. 4.2. Interestingly, the residual rates of different indices varied greatly with the soil 

types. For the two overall indices, the residual rates of UV260 of released NOM from BF-

1, BF-2 and PF-2 were much higher than those of DOC, while, those of UV260 of the 

released NOM from other five soils were slightly lower than those of DOC, revealing 

probably a strong dependence on the functional groups of the released NOM from different 

soils.  

For the indices of FI (Fig. 4.2), irrespective of the soil origin, the residual rates of P1 

were much lower than those of P2, followed by those of P3. The results thus demonstrated 

that P1, which represents humic acids, was more preferably removed by activated carbon 

used in this study than P2, which reflects fulvic acids, followed by P3 representing protein-

like substances (Zhu et al., 2014; Gui et al., 2015; Carstea et al., 2016). Additionally, for 

the released NOM from BF-1, BF-2 and PF-2, the changing tendency of the DOC-based 

residual rates with AC doses was same with those of P1 and P2, whereas, the changing 

tendency of the UV260-based residual rates were similar to those of the constituting 

fraction of P3. Moreover, for the released NOM from other five soil origins, within the AC 

doses of 1 g/L, the removal increased and then reached nearly to the highest levels. The 

observed data demonstrated that humic acids and fulvic acids were the predominant 

constituents of the released NOM from different soils. Protein-like substances were mainly 

reflected by the overall index of UV260. For the released NOM with DOC concentration 

of 1.56-4.64 mg/L used in this study, the AC dose at 1 g/L was needed for adsorption of 

humic substances contained therein, however, for the protein-like substances, the AC dose 

of 1 g/L was not enough for the removal of this constituting organic fraction.  
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Fig. 4.1 Residual rate of DOC and UV260 of released NOM from investigated soils 

under neutral condition after adsorption.  
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Fig. 4.2 Residual rate of components (P1, P2 and P3) of released NOM from investigated 

soils under neutral condition after adsorption.  
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4.3.1.2 Changing trend of fluorescence EEM of released NOM 

The changes of the fluorescence EEM of released NOM from BF-1 (DOC=4.64 mg/L) 

with the AC doses are displayed in the Fig. 4.3. It could be clearly seen that the FI of the 

released NOM gradually disappeared as the AC dose increased from 0 to 5 g/L. Specifically, 

the two apparent components (P1 and P2) reflecting humic acids and fulvic acids gradually 

disappeared; while, the component P3 reflecting the protein-like substances still remained 

even when the AC dose was increased to 5 g/L. This further indicated that compared to 

humic substances, the protein-like substances were much less adsorbable. Similar results 

were also obtained in the corresponding adsorption experiment of the released NOM from 

other seven soil origins (data not shown). 

4.3.1.3 Changing trend of MW distribution of released NOM 

The changes of MW distribution of the released NOM from eight different soils with 

the AC doses are depicted in the Fig. 4.4. By increasing the AC dose, the absorbance 

intensity of NOM gradually decreased, indicating their adsorption onto activated carbon. 

Moreover, compared with the organic fractions with smaller MW size, those with larger 

MW size were difficult to be removed. These results illustrated that the adsorption of 

released NOM were affected by the MW size of NOM contained in water. Qin et al. (2015) 

have reported that the proportion of humic acids with apparent MW size more than 2000Da, 

contained in the residual solution after adsorption on goethite, decreased with the 

adsorption time, and humic acids with MW size lower than 2000 Da increased over 

adsorption time. Similar phenomenon was also observed in the adsorption process of humic 

acids that possessed relatively lager fractions and fulvic acids that occupied smaller 

fractions. Weng et al. (2007) attributed the same results to the constituents’ differences in 

organic functional groups, of which, the humic acids contained more reactive groups 

(COOH) than fulvic acids.  
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Fig. 4.3 Changes of fluorescence EEM of released NOM from investigated soil (BF-1) 

under neutral condition after adsorption. 
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Fig. 4.4 Changes of MW distribution of released NOM from investigated soils under 

neutral condition after adsorption on same AC.  
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4.3.2 Adsorptive strength of released NOM 

The batch adsorption experiment data, analyzed on the basis of the overall 

concentration indices of DOC and UV260, and the FI of components (P1, P2 and P3) 

appeared in the fluorescence EEM, were analyzed by the modified Freundlich model. The 

observed and calculated isotherms are displayed in Fig. 4.5 - Fig. 4.9. It was noteworthy 

that, similar to the isotherms with the overall concentration indices of DOC and UV260, 

the isotherms plotted based on the FI of the fluorescent components (P1, P2 and P3) were 

also well converged to a line. This thus implied that the modified Freundlich isotherm 

model is not only applicable for describing the adsorption isotherms of the released NOM 

assessed with the lumped quality indices, but also applicable for describing the isotherms 

of the observed three fluorescent fractions (P1, P2 and P3). A similar finding was also 

reported by Yan et al. (2013), who reported that the modified Freundlich isotherm model 

was effective in describing the adsorption isotherms of DOM and that the presence of 

phenolic compounds hindered activated carbon adsorption for humic acids. 

The estimated isotherm parameters (K and 1/n) are tabulated in the Table 4.1. The 

relatively higher correlation coefficient (R2 = 0.721-0.983) further proved the feasibility of 

the modified Freundlich model for description of the adsorption of released NOM from 

different soils. For the modified Freundlich constant K that used to represent the adsorption 

strength, the average values followed the order CF > VF > PF > BF for DOC-based, VF > 

CF > PF > BF for UV260-based, and VF > PF > CF > BF for all the three FI-based (P1, 

P2 and P3) quantification. The results clearly indicated that the use of the fluorescence 

components provided new information that the conventional indexes of DOC and UV260 

could not. For instance, the adsorption strength of the released NOM from agricultural soils 

obtained based on FI of the fluorescent components was higher than that from forest soils. 

For the modified Freundlich constant 1/n generally considered  reflecting the affinity 

between the adsorbent and adsorbate, the average values varied in the range of 0.51-0.56 

for the DOC-based, 0.38-0.57 for the UV260-based, 0.39-0.52 for the FI of the P1-based, 

0.56-0.68 of P2-based and 0.54-0.75 of P3-based indices, respectively. The differences 

were attributed to the differences of organic species represented by different quantification 

indices.  



Chapter 4                                              Adsorbability of released NOM from different soils 
 

41 
 

 

Fig. 4.5 Modified Freundlich isotherm fits of batch experimental data of the released 

NOM from different soils based on DOC. 
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Fig. 4.6 Modified Freundlich isotherm fits of batch experimental data of the released 

NOM from different soils based on UV260. 
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Fig. 4.7 Modified Freundlich isotherm fits of batch experimental data of the released 

NOM from different soils based on P1. 
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Fig. 4.8 Modified Freundlich isotherm fits of batch experimental data of the released 

NOM from different soils based on P2. 
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Fig. 4.9 Modified Freundlich isotherm fits of batch experimental data of the released 

NOM from different soils based on P3. 
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Table 4.1 Estimated parameters of modified Freundlich isotherm model based on 

different indices (DOC, UV260, fluorescence P1, P2 and P3). 

 Parameters BF-1 BF-2 CF-1 CF-2 PF-1 PF-2 VF-1 VF-2 

DOC 

K (Mg/g)1-1/n 3.36 1.99 5.36 3.84 3.56 4.56 4.49 4.65 

1/n 0.50 0.59 0.51 0.51 0.55 0.54 0.53 0.58 

R2 0.919 0.962 0.944 0.873 0.855 0.938 0.914 0.909 

UV260 

K [m1/n-1/(g/L)1-1/n 6.01 1.69 18.95 15.34 19.04 13.42 21.77 24.31 

1/n 0.49 0.64 0.39 0.40 0.37 0.38 0.42 0.44 

R2 0.973 0.983 0.965 0.960 0.911 0.949 0.933 0.936 

P1 

K [QSU/(g/L)]1-1/n 7.76 3.82 13.45 7.68 14.66 17.90 17.79 24.04 

1/n 0.44 0.61 0.39 0.40 0.38 0.39 0.49 0.46 

R2 0.924 0.952 0.954 0.789 0.905 0.954 0.918 0.953 

P2 

K [QSU/(g/L)]1-1/n 4.34 1.43 6.88 4.51 7.06 10.11 8.63 9.40 

1/n 0.61 0.76 0.58 0.63 0.58 0.54 0.64 0.66 

R2 0.951 0.975 0.930 0.905 0.904 0.941 0.938 0.921 

P3 

K [QSU/(g/L)]1-1/n 1.21 0.37 2.28 1.23 2.55 3.07 3.78 3.82 

1/n 0.57 0.52 0.69 0.79 0.66 0.53 0.74 0.76 

R2 0.957 0.721 0.952 0.908 0.937 0.969 0.952 0.955 

 

4.4 Summary 

The residual rates of NOM assessed by the overall concentration indices (DOC and 

UV260) and the fluorescent components (P1, P2 and P3) varied greatly with the soil origins. 

Humic substances were gradually removed by AC, but the protein-like substances could 

not be adsorbed completely even when the AC dose increased to high levels. The 

adsorption of the constituting organic species of NOM with larger molecular size was more 

preferable than those with relatively smaller molecular size. Modified Freundlich isotherm 

model could not only fairly well describe the isotherms of the released NOM from different 
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soil origins assessed by overall concentration indices of DOC and UV260, but also fairly 

well described those assessed by all fluorescence components appeared on the fluorescence 

EEM images. The adsorption strength of the released NOM from agricultural soils, 

assessed on the basis of the fluorescence intensity of the constituting fluorescent 

components was generally higher than that released from forest soils. 
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Chapter 5  

ADSORBABILITY OF RELEASED NOM FROM A 

REPRESENTATIVE FOREST SOIL UNDER 

DIFFERENT PH CONDITIONS 

5.1 Introduction 

NOM in aquatic systems is mainly released from the soils of adjacent catchments and 

is a complicated mixture of organic components with different physicochemical features, 

including molecular size, functional groups, charge density and hydrophilicity (Nelson et 

al., 1992; Li et al., 2005; Hudson et al., 2007). In addition to the physicochemical properties 

of soils (including soil size, pH, ionic strength, organic matter content and metal element 

content, etc.), which differ greatly with the land usages (such as forest and agricultural 

soils), the pH levels of water that contacts with soils (rainwater, pore water in soils and 

river water) significantly affect the extent and composition of organic matter released to 

rivers since the solubility of most soil organic species changes with pH (Masscheley et al., 

1991; Swift 1996; Sauve et al., 1998; Hudson et sl., 2007; Grybos et al., 2009). As studied 

in Chapter 3, the concentration (DOC and UV260) and composition (SUVA, fluorescence 

EEM and MW distribution) of the released NOM changed greatly with the pH levels of the 

water used for its release. This may suggest that the released NOM under different pH 

conditions possesses different adsorbability. Therefore, the investigation on the 

adsorbability of NOM released from soils under different pH is significant for better 

understanding the behavior of NOM in river water sources and for optimizing the treatment 

conditions for enhanced removal of NOM.  

Based on the above, the major objectives of this study were to investigate the 

physicochemical properties of the released NOM under different pH conditions, and to 

compare the adsorbability. For these, the NOM released separately from a representative 
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forest soil under acidic, neutral and basic conditions was used. The adsorbability was 

studied based on the data analysis with Langmuir isotherm, Freundlich isotherm and 

modified Freundlich isotherm, respectively. 

5.2 Materials and methods 

5.2.1 Preparation of working solution and activated carbon 

The NOM solutions released from a representative forest soil were obtained by 

following the procedures described earlier in Fig. 3.2 under different initial pH conditions 

(2, 7 and 11). For the batch adsorption experiments of each released NOM, three working 

solutions (WS) with different DOC concentration were prepared by diluting the 

corresponding released NOM solution with pretreated carbon-free tap water: WS-1 (1.64 

mg/L), WS-2 (0.72 mg/L) and WS-3 (0.34 mg/L) for the NOM released under acidic 

condition; WS-1 (6.27 mg/L), WS-2 (3.10 mg/L) and WS-3 (1.57 mg/L) for the NOM 

released under neutral condition; and WS-1 (6.26 mg/L), WS-2 (3.42 mg/L) and WS-3 

(1.72 mg/L) for the NOM released under basic condition. 

The AC selected in this study for batch adsorption experiment was the same as the one 

used in Chapter 4. 

5.2.2 Batch adsorption experiments 

Batch adsorption experiments of the released NOM under different pH conditions 

were carried out following the bottle-point method of variable AC doses using 500 ml 

flasks with Teflon-lined rubber septa. To each flask, 100 ml of working solution was added, 

followed by addition of the AC with a designated dose within the range of 0-2 g/L. All 

flasks were shaken for 7 days to allow adsorption to reach equilibration. In order to 

minimize the solution chemistry effect on adsorption caused by dilution, the ionic strength 

of all working solutions was adjusted in advance to a same level based on the working 

solution that had the highest EC value (100 mS/m) using 0.5 M-NaCl. The pH of all 

working solutions was adjusted to about 7.0 with 0.5 M HCl or NaOH. After reaching 

equilibration, activated carbon was separated by filtering the solution through 0.2 m 
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membrane filters and the obtained filtrate was subjected to concentration and composition 

analysis. 

5.2.3 Analysis of NOM before and after adsorption 

The measurement of the concentration (DOC and UV260) and the composition 

(fluorescence EEM and MW distribution) of NOM before and after adsorption was 

executed by following the methods illustrated in the section of 3.2.3. But, in order to find 

all peaks appeared in the fluorescent profiles, the scan range of both excitation and 

emission wavelengths of the fluorescence EEM of NOM before and after adsorption were 

set at the wavelength of 220-550 nm with 5 nm intervals. 

5.3 Adsorption model description 

5.3.1 Langmuir isotherm 

Langmuir isotherm that developed in 1916 for investigating the amount of gas 

adsorbed on surface (Langmuir, 1918), is commonly used to describe the adsorption 

isotherms of NOM (Gu et al., 1995; Hyung et al., 2008; Apul et al 2013). The model 

assumes that molecules are absorbed on a fixed number of well-defined sites, each of which 

can only hold one molecule and no trans-migration of adsorbate in the plane of the surface. 

All the sites for adsorption are also assumed to be energetically equivalent and distant to 

each other, therefore, there are no interactions between molecules adsorbed to the adjacent 

sites. The equation of Langmuir isotherm is shown as below: 

 

 

The linear form of the Langmuir isotherm equation can be given as follows: 
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where, C is equilibrium liquid phase concentration, q is equilibrium solid phase 

concentration, qm is the maximum adsorption strength, and b (L/mg) is the Langmuir 

constant related to maximum monolayer sorption capacity which is a measure of adsorption 

energy. 

5.3.2 Freundlich isotherm 

Freundlich isotherm which has been commonly used to describe aqueous phase 

adsorption phenomena (Swietlik et al., 2015), is an empirical equation that encompasses 

the heterogeneity of sites and the exponential distribution of site and their energies 

(Quinones et al., 1998; Umpleby et al., 2001). The expression of the Freundlich isotherm 

model is provided as follows: 

 

 

The linear form of the model is shown below: 

 

 

where, C is equilibrium liquid phase concentration, q is equilibrium solid phase 

concentration, KF is the Freundlich constant reflecting the adsorption strength, and 1/nF is 

the slope of the linear form for reflecting the affinity between the adsorbent and adsorbate. 

5.3.3 Modified Freundlich isotherm 

Modified Freundlich isotherm model, which was proposed for describing the 

adsorption of multicomponent organic mixtures (Crittenden et al., 1985; Karanfil et al., 

1996; Kilduff et al., 1996; Hyung et al., 2008; Li et al., 2002), was also applied in the 

adsorption analysis of this chapter. The corresponding description could be referred to the 

section of 4.2.4. 



Chapter 5                            Adsorbability of released NOM under different pH conditions 
 

53 
 

5.4 Results and discussion 

5.4.1 Physicochemical properties of released NOM 

Table 5.1 Physicochemical properties of released NOM under different pH conditions. 

Samples Equilibrium 
pH 

EC DOC UV260 SUVA Mw Mn Polydispersity 
(Mw/Mn) mS/m mg/L m-1 m-1/(mg/L) g/mol as PSS 

Acidic 2.5 269.0 18.5 66 3.56 4608 3999 1.15 

Neutral 5.0 4.9 6.8 27 3.96 6923 6200 1.12 

Basic 7.4 81.3 278.2 1934 6.95 8320 7597 1.10 

 

The physicochemical properties of the released NOM from a representative soil origin 

under different initial pH conditions were measured and are summarized in Table 5.1. It is 

clear that, the equilibrium pH of released NOM solutions changed greatly in relative to the 

initial pH values (2, 7 and 11), and thus indicated that the released NOM from investigated 

soils was acidic and humic substances were the predominant constituents released from the 

soil to water (Swift 1996; Li et al 2005). Moreover, the overall concentration (DOC or 

UV260) of released NOM under the basic condition (278.2 mg/L or 1934 m-1) was tens of 

times higher than that under acidic (18.5 mg/L or 66 m-1) and neutral condition (6.8 mg/L 

and 27 m-1). The electrical conductivity (EC) appeared in the NOM solution showed the 

largest under the acidic condition (269.0 mS/m), whereas that released under basic 

condition was lower (81.3 mS/m), followed by that released under neutral condition (4.9 

mS/m). On the other hand, for the composition of the released NOM, the SUVA and 

averaged MW (Mw and Mn) of the released NOM increased, while the polydispersity 

decreased as the initial releasing pH increased, clearly indicating that more fulvic acids 

were released under acidic conditions and more humic acids were released under the basic 

conditions. 



Chapter 5                            Adsorbability of released NOM under different pH conditions 
 

54 
 

 
Fig. 5.1 Fluorescence EEM of released NOM from a representative broadleaf forest 

under different pH conditions. 
 

The fluorescence EEM and MW distribution profiles of the released NOM are 

displayed in the Fig. 5.1 and Fig. 5.2, respectively. It is obvious that humic substances (P1 

and P2) and protein-like substances (P3) were the predominant organic fractions of the 

NOM released under different pH conditions. Compared to the MW distribution released 

under neutral condition, more organic components possessing smaller MW were released 

under the acidic condition, while, more organic fractions possessing larger MW were 

released under the basic condition. The first peak appeared corresponded to the apparent 

MW of 6500, 7685 and 10122 g/mol as PSS for the released NOM under the acidic, neutral 

and basic conditions, respectively. The pattern of the MW distribution under neutral pH is 

very similar to previously reported ones for DOM in less polluted Nagara River, an 
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underground peaty water and Tokyo River in Hokkaido (Li et al., 2003), thus indicating 

NOM released from the investigated type of soil origin in this study was representative. 

 

 
Fig. 5.2 MW distribution of released from a representative broadleaf forest under 

different pH conditions. 

5.4.2 Activated carbon adsorbability 

5.4.2.1 Langmuir and Freundlich isotherm 

The adsorption isotherms of released NOM, analyzed based on the indices of DOC 

and UV260, are plotted according to the Langmuir and Freundlich model, respectively. As 

shown in Fig. 5.3 - Fig. 5.6, irrespective of the analysis index or model concerned, the 

isotherm is not linear and it changes with the initial concentration of either DOC or UV260. 

Same results were also found in the previous studies for adsorption of humic substances 

(humic acids and fulvic acids) and DOM in water or wastewater (Crittenden et al., 1985; 

Karanfil et al., 1996; Kilduff et al., 1996; Li et al., 2002). All these observations 

demonstrated that neither of the two models was suitable for analysis of the adsorption of 

released NOM used in this study. 
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Fig. 5.3 Langmuir isotherm model-based plotting of the batch adsorption data (DOC) of 

released NOM from soil under different pH conditions.  
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Fig. 5.4 Langmuir isotherm model-based plotting of the batch adsorption data (UV260) 

of released NOM from soil under different pH conditions.  
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Fig. 5.5 Freundlich isotherm model-based plotting of the batch adsorption data (DOC) of 

released NOM from soil under different pH conditions.  
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Fig. 5.6 Freundlich isotherm model-based plotting of the batch adsorption data (DOC) of 

released NOM from soil under different pH conditions.  
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5.4.2.2 Modified Freundlich isotherm 

To enable the adsorbability comparison among the NOM released under different pH 

conditions, the batch adsorption experiments data with three different initial concentration 

for each released NOM were plotted in terms of the modified Freundlich model. As could 

be seen from the Fig. 5.7 and Fig. 5.8, both of the DOC-based and UV260-based isotherms 

were comparatively well converged to a line that could be described by the modified 

Freundlich model, indicating the adsorption of the released NOM from investigated soil 

under different initial pH conditions on AC can be described by the modified Freundlich 

model. 

 The estimated values of two parameters, involved in the modified Freundlich model, 

the adsorption strength of adsorbate K and its affinity with adsorbent 1/n, and the associated 

correlation coefficient (R2) for all released NOM with different initial overall concentration 

(DOC and UV260) are summarized in the Table 5.2. For all conditions, higher correlation 

coefficient (R2 = 0.820-0.953) was obtained, proving that the modified Freundlich model 

can fairly well describe the adsorption of released NOM on activated carbon. Judging from 

the determined values for the adsorption strength (K) and the affinity constant (1/n), 

obvious differences under different pH conditions were observed. This thus implied that 

the adsorption strength of the released NOM was significantly influenced by the releasing 

water pH levels. Moreover, for the DOC-based analysis, the K of released NOM under 

neutral condition [9.55 (mg/g)1-1/n] was higher than that under either the acidic [5.06 

(mg/g)1-1/n] or the basic condition [5.22 (mg/g)1-1/n], indicating NOM released under the 

neutral condition possessed higher adsorbability. Similarly, for UV260-based analysis, the 

K of released NOM under the neutral condition [30.69 m1/n-1/(g/L)1-1/n] was much higher 

than that under the acidic [6.23 m1/n-1/(g/L)1-1/n] condition and was almost the same as that 

under the basic condition [29.12 m1/n-1/(g/L)1-1/n]. It is common that the K value of NOM 

released under the acidic condition was the smallest, suggesting fulvic acids were less 

adsorbable than humic acids released more under basic conditions. In addition to the 

differences in MW, the differences in the hydrophilicity were probably the reason behind. 

Higher values of 1/n, a parameter considered reflecting the affinity between the adsorbate 

and the adsorbent, for the NOM released under the acidic condition (0.461 for DOC, 0.542 

for UV260) may serve as the evidence supporting this assumption. 
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Fig. 5.7 Adsorption isotherm of the released NOM from soil under different pH 

conditions (DOC). 
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Fig. 5.8 Adsorption isotherm of the released NOM from soil under different pH 

conditions (UV260). 
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Table 5.2 Estimated parameters of modified Freundlich isotherm model for the released 

NOM from soil under different pH conditions. 

 Parameters Acidic Neutral Basic 

DOC 

K [(mg/g)1-1/n 5.06 9.55 5.22 

1/n 0.461 0.257 0.256 

R2 0.926 0.911 0.938 

UV260 

K [m-1/(g/L)]1-1/n 6.23 30.69 29.12 

1/n 0.542 0.228 0.225 

R2 0.953 0.951 0.820 

 

5.4.3 Physicochemical changes of released NOM after adsorption 

5.4.3.1 Fluorescence EEM changes 

The fluorescence EEM changes with AC doses for the released NOM from the 

investigated soil under different pH conditions are displayed in Fig. 5.9 - Fig. 11. It could 

be clearly seen that the FI of NOM gradually decreased as the AC dose increased from 0 

to 1.0 g/L. Simultaneously, the two apparent peaks (P1 and P2) of humic substances (Baker 

2002; Yamashita et al., 2008; Yang et al., 2015; Carstea et al., 2016) gradually disappeared, 

while the less intent peak (P3) representing protein-like substances, even at the AC dose of 

1.0 g/L, could still be seen. Thus it suggests that protein-like substances from the soil were 

less adsorbable than humic ones. Under the dose of 1.0 g/L, the average DOC removal of 

released NOM under three conditions (acidic, neutral and basic) reached 95.61%, 98.04% 

and 94.32%, and the average UV260 removal reached 93.93%, 99.57% and 88.18%, 

respectively. It was thus reasonable to infer that nearly all humic molecules released from 

the investigated soil in this study could be removed. 

5.4.3.2 MW distribution changes 

The MW distribution changes with AC doses for the released NOM from investigated 

soil under different pH conditions are displayed in the Fig. 5.12. It was clear that by 

increasing the AC dose, the NOM constituents over broader MW range were removed. The 

chromatogram shifted downwards over the whole range for NOM released under all three 
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pH conditions. For organic matter in the solution after adsorption, if organic constituents 

with larger MW were adsorbed preferentially, a shift of MW distribution towards the 

smaller MW side should appear as the activated carbon dose increased. Such a shift was 

obvious in Fig. 5.12, thus indicating the released organic matter possessing comparatively 

larger MW was preferentially adsorbed. 

The changes in Mw, Mn and polydispersity with adsorption were also computed 

followed the expression described in the section of 3.2.3. As could be seen in Fig. 5.13, in 

reflective of the preferential adsorption for larger NOM molecules, Mw and Mn displayed 

a decreasing trend with increases of the AC dose. For polydispersity, a trend of slight 

increases was noticed as the AC dose increased; indicating that, although Mw and Mn 

decreased with adsorption, the decrease for the former was slower than the latter. 

5.5 Summary 

The physiochemical characteristics of released NOM from a representative forest soil 

under different initial pH conditions, and the corresponding adsorption properties were 

studied. For the physicochemical properties, it was found that as the releasing condition 

changed from acidic to basic, NOM components possessing higher UV absorbing 

capability and larger MW were released into water. The DOC concentration of NOM 

released under basic condition was tens of times larger than that under either acidic or 

neutral condition. On the other hand, for the adsorption properties, the modified Freundlich 

isotherm model was more feasible for description of the adsorption of NOM than Langmuir 

and Freundlich models. Based on the batch adsorption experiments and the isotherm data 

analysis with the modified Freundlich isotherm model, the released NOM under neutral 

condition was found to possess the highest adsorbability. Compared to the NOM released 

under either neutral or basic condition, the NOM released under acidic condition was less 

adsorbable, and NOM components with larger MW seemed to be more preferentially 

adsorbed. 
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Fig. 5.9 Changes of fluorescence EEM of released NOM from investigated soil 

under acidic condition with AC doses. 



Chapter 5                            Adsorbability of released NOM under different pH conditions 
 

66 
 

 
Fig. 5.10 Changes of fluorescence EEM of released NOM from investigated soil 

under neutral condition with AC doses. 
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Fig. 5.11 Changes of fluorescence EEM of released NOM from investigated soil 

under basic condition with AC doses. 
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Fig. 5.12 Changes of MW distribution of released NOM from investigated soil 

under different pH conditions with AC doses. 
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Fig. 5.13 Effect of AC doses on average MW and polydispersity of released NOM 

 under different pH conditions. 
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Chapter 6  

ADSORBABILITY OF RELEASED NOM FROM A 

REPRESENTATIVE BROADLEAF FOREST ON 

DIFFERENT ACTIVATED CARBONS 

6.1 Introduction 

NOM in aquatic environment is attracting more and more researchers’ attention, since 

its presence not only can cause unpleasant taste and odor, but also adversary effect on the 

removal of targeted pollutants contained in drinking water resource and wastewater (Li et 

al., 2003; Dąbrowski et al., 2005; Gui et al., 2015). Among the methods designed to remove 

NOM, adsorption by activated carbon (AC) has been recognized as one of the best and the 

most effective approaches (Rivera-Utrilla et al., 2011; Bhatnagar et al., 2013). The 

application of activated carbon for removing organic contaminants in water and wastewater 

treatment mainly depends on the surface chemistry and pore structure of porous carbons. 

For activated carbons, the surface functional groups and pore structure of them are 

significantly influenced by the activation methods and the nature of precursors (Ebie et al., 

2001; Li et al., 2003; Bhatnagar et al., 2013). Hence, the studies on the adsorbability with 

different activated carbons are desired. 

Accordingly, the major aims of this study were to investigate the composition changes 

of released NOM before and during the adsorption process, and to compare the 

adsorbability on different ACs. The released NOM from a representative broadleaf forest 

soil was selected, and eight ACs were chosen as the adsorbents for the associated batch 

adsorption experiments. Modified Freundlich isotherm model was adopted to analyze all 

obtained isotherm data measured with the overall quality indices of DOC and UV260 as 

well as the components (P1, P2 and P3) appeared on the fluorescent EEM image. 
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6.2 Materials and methods 

6.2.1 Batch adsorption experiments 

Two working solutions with different initial DOC concentration, referred hereafter as 

WS-1 (DOC = 3.93 mg/L) and WS-2 (DOC = 2.14 mg/L), were prepared by directly 

diluting the NOM solution, released from a representative broadleaf forest (BF-2) soil, with 

pretreated carbon-free tap water for the batch adsorption experiments of eight ACs. For 

each AC, the adsorption experiments were executed by following the procedures explained 

in the section of 4.2.1 with the designated dose range of 0-10 g/L. The EC values were 

adjusted to 10 mS/m. Moreover, the measurement of NOM before and after adsorption on 

different ACs were carried out with the methods illustrated in the section of 3.2.3. Whereas,  

for the fluorescence EEM analysis in this study, the excitation and emission wavelengths 

were set in the range of 220-450 nm with 5 nm increment, and 280-550 nm with 1 nm 

interval, respectively. 

6.2.2 Activated carbons 

 

Fig. 6.1 Pore size distribution of activated carbons. 

 

Four market available wood-based powered AC, referred hereafter as carbon A, B, C 

and D; and four coal-based granular AC pulverized and then sieved to particles with sizes 
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below 45 m, referred hereafter as carbon E, F, G and H, were used as the adsorbents in 

this study. In order to minimize the impact of ash impurities, all ACs were prepared 

according to the procedures shown in the section of 4.2.3, and then washed with Milli-Q 

for several times, boiled in the Milli-Q for 4 hours, dried in an oven (Yamato Co., Japan) 

at 105 °C for one day and subsequently stored in the desiccator prior to use. 

 

Table 6.1 Pore volume percentage in specific regions and some other properties related 

to activated carbons. 

Activated carbons A B C D E F G H 

Activation method Steam Chemical Steam 

Origin Wood-based Coal-based 

Pore volume (cm3/g) 0.55 0.47 0.44 1.62 0.52 0.48 0.53 0.36 

Surface area (cm2/g) 1357 923 934 1656 957 1037 1064 780 

Zeta potential (-mV) 41.5
±1.6 

28.5
±1.0 

37.1
±0.8 

35.2 
±1.6 

30.9
±1.2 

21.6
±3.5 

44.7
±1.5 

39.4
±1.7 

Pore size (Å) Pore volume percentage (%) 

0-15 97.2 64.4 83.7 24.9 63.4 76.7 73.2 90.4 

0-30 99.8 88.4 87.6 45.0 80.0 93.6 83.1 90.4 

15-30 2.6 24.0 3.9 20.1 16.6 17.0 9.9 0.0 

15-100 2.6 32.8 11.1 49.2 31.6 18.2 18.4 2.4 

15-240 2.8 35.6 16.3 75.1 36.6 23.3 26.8 9.6 

30-50 0.0 7.6 2.3 12.5 6.8 0.0 2.1 0.0 

30-100 0.0 8.8 7.2 29.1 15.0 1.2 8.5 2.4 

30-240 0.2 11.6 12.4 55.0 20.0 6.4 16.9 9.6 

50-100 0.0 1.2 4.9 16.6 8.2 1.2 6.4 2.4 

50-240 0.2 4.0 10.1 42.5 13.2 6.3 14.8 9.6 
 

For each AC, the pore size distribution was measured through nitrogen adsorption with 

the high-resolution Micromeritics 3Flex instrument (Micromeritics Instrument Co., 

America) and the corresponding results are displayed in Fig. 6.1. The pore volume 
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proportions in several divided specific size regions, pore volume, BET surface area as well 

as some other properties of all eight ACs are summarized in the Table 6.1. The pore size 

regions of ACs were divided by referencing to the previous studies that conducted for 

investigating the effect of pore size distribution of ACs on the adsorption of larger 

molecular NOM and smaller molecular pesticides (Ebie et al., 2001; Li et al., 2002). As 

shown in Fig. 6.1 and Table 6.1, except carbon D, all other seven ACs possessed more 

pores in the size region of below 30 Å, with the percentages being above 80%. For carbon 

D, which activated by chemicals, its total pore volume, pore surface area as well as the 

percentage of pores within the size region of 30-240 Å were much larger than those of the 

other seven ACs activated by steam.  

Moreover, the zeta potential of eight different ACs were measured by using a zeta-

potential analyzer (ELS-Z, Otsuka Electronic Co., Japan) at 20 °C and were found to vary 

in the range from -21.6 to -44.7 mV. It was thus considered that all of the ACs possessed 

a repulsive feature with the released NOM that exhibited negative charges at the neutral 

condition (pH=7).  

6.3 Results and discussion 

6.3.1 Composition changes of released NOM with AC doses 

6.3.1.1 Aromaticity changes with AC doses 

The SUVA changes of released NOM (WS-1 and WS-2) after adsorption with 

different doses of eight ACs are shown in Fig. 6.2. For the released NOM with high initial 

DOC concentration (WS-1), its SUVA rapidly increased as the AC dose increased in the 

range of 0-5 g/L and then decreased within the AC dose range of 5-10 g/L. While, for the 

released NOM with lower initial DOC concentration (WS-2), two obviously different 

changing tendency of SUVA were observed: within the dose of 2 g/L, the values of SUVA 

after adsorption increased with the AC dose increased, while, in the range of 5-10 g/L, the 

values decreased. These results were probably attributed to the preferable adsorption of 

NOM. In other words, with lower adsorbent dose, only the relatively more adsorbable 

components (humic substances) are adsorbed due to the limited adsorption sites, whereas, 
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under a higher adsorbent dose, the less adsorbable components (protein-like substances) 

begin to be adsorbed because of increased adsorption sites (Kilduff et al., 1996; Gui et al., 

2015).  
 

 
Fig. 6.2 SUVA values of released NOM (WS-1 and WS-2) after adsorption  

with the dose of eight ACs. 

 

6.3.1.2 Fluorescence EEM changes with AC doses 

The changes of fluorescence EEM of released NOM with different doses of carbon G 

are displayed as a paradigm in Fig. 6.3. Three obvious peaks (P1, P2 and P3) with the 

highest FI in their corresponding regions were selected by using the method of peak-

picking (Carstea et al., 2016). According to the study of Chen et al. (2003), who classified 

the fluorescence EEM into five regions, the three components (P1, P2 and P3) were found 
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appearing at the Ex/Em of 350/451, 245/451 and 245/368 nm representing the humic acids, 

fulvic acids and protein-like substances, respectively. Components P1 and P2 were widely 

detected in river, marine and domestic wastewater samples (Baker, 2001; Liu et al., 2011), 

while component P3 was usually associated with cellular materials relating to microbial 

and anthropogenic activities (Yu et al., 2014; Carstea et al., 2016). It was clear that the FI 

of all the three components gradually decreased with the AC dose increment, but the 

decrement extent of P1 and P2 were much higher than that of P3. Component P1 and P2 

were removed almost completely at the AC dose of 1.0 g/L, while, for the component P3, 

it was still remaining even by increasing the AC dose to 10 g/L.  

In order to compare the adsorption performance of eight ACs, the fluorescence EEM 

profiles of the released NOM (WS-1) after adsorption at the AC dose of 0.1 g/L are 

presented in Fig. 6.4. As shown in this figure, all three components (P1, P2 and P3) could 

be adsorbed by the ACs at the relatively lower dose (0.1 g/L), but their adsorption extent 

differed with the ACs. Particularly for the component P1 that represents humic acids, its 

removal efficiency was 43.1%, 36.7%, 49.7%, 53.0%, 58.3%, 29.8%, 66.6% and 17.5% 

for the eight ACs, respectively. Simultaneously, the removal efficiency for P2 and P3 was 

31.9%, 28.5%, 37.7%, 41.2%, 49.9%, 18.4%, 55.8%, 7.9%, and 3.7%, 3.5%, 2.5%, 0.6%, 

7.3%, 9.9%, 7.1%, 4.1%. The data thus indicate that carbon G is the most effective AC for 

adsorption removal of humic substances (P1 and P2), but is not the best choice for 

adsorbing protein-like substances (P3). On the other hand, being consistent with the results 

obtained in the process of coagulation (Zhu et al., 2014; Matilainen, 2010) and adsorption 

(Gui et al., 2015), humic acids possessing relatively larger molecular size were adsorbed 

easier than fulvic acids, followed by the protein-like substances with smaller molecular 

size. 

In addition, the residual rates of the released NOM (WS-1) after adsorption with 

different AC doses were calculated for the indices of DOC, UV260 and the FI of 

components P1, P2 and P3, and the results are displayed in Fig. 6.5. Interestingly, the 

residual rates of DOC were much lower than those of UV260 and P3, but were closer to 

those of P1 and P2. This made clear that, the adsorption for the protein-like substances by 

AC was less effective than the adsorption for humic acids and fulvic acids. At the same 

time, the results suggested that humic substances (P1 and P2) constituted for the major 
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fraction of the total organic matter released from the investigated soil (BF-2). Similar 

results were also obtained with the other seven ACs used (data not shown) and in previous 

studies (Zhu et al., 2014; Gui et al., 2015; Carstea et al., 2016).  
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Fig. 6.3 Changes of fluorescence EEM with the dose of carbon G (WS-1). 
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Fig. 6.4 Fluorescence EEM of released NOM after adsorption on different ACs 

at the dose of 0.1 g/L (WS-1). 
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Fig. 6.5 Residual rate changes with carbon G dose. 

 

6.3.1.3 MW characteristics changes with AC doses 

The MW distribution changes of the released NOM after adsorption with different 

doses of all eight ACs are displayed in Fig. 6.6. The wavelength of 260 nm, which 

associated with the aromatic groups with varying degrees of activation such as humic and 

protein-like substances (Li et al., 2003; Korshin et al., 2009; Gui et al., 2015), was selected 

for probing the factions of released NOM before and after adsorption.  

In relation to the released NOM before adsorption (WS-1), the apparent MW of the 

most intense peak was 8212 g/mol as PSS. Two shoulders were detected in the 9400-10000 

and 7000-7400 g/mol as PSS respectively. Moreover, the double peaks of the fractions with 

apparent MW of 5884 and 3353 g/mol as PSS indicated the presence of small molecules in 

the released NOM. In addition, as displayed in Fig. 6.6, although all fractions of the 

released NOM could be adsorbed, the adsorption efficiency by all these eight ACs at the 

same dose was different.  
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Fig. 6.6 MW distribution changes of NOM after adsorption with different ACs (WS-1). 

 

For comparison of the adsorption strength with eight ACs, the MW distributions of 

the released NOM after adsorption at the dose of 0.1 g/L are displayed in the Fig. 6.7. The 
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marked differences in the detector response of the residual NOM after adsorption proved 

that the adsorption of released NOM was significantly influenced by the ACs. At the dose 

of 0.1 g/L, the residual content of NOM decreased in the order of ACs as: H > C > B > A > 

E > D > F > G, and thus indicated that carbon G was the best AC for adsorbing the released 

NOM from the investigated broadleaf forest soil. On the other hand, the fractions possessed 

large MW were more easily removed than those featured with small MW (Fig. 6.5 and Fig. 

6.6). This is consistent with the previous studies (Kilduff et al., 1996; Li et al., 2002), which 

reported that the adsorption of released NOM closely related to its molecule size. The result 

could also be supported by the fluorescence intensity of humic substances (Fig. 6.3). That 

is, irrespective of the AC type concerned, the removal efficiency of humic acids possessing 

relatively larger MW was higher than that of fulvic acids with relatively smaller MW. For 

instance, with the carbon G, at the dose of 0.1, 1.0 and 10.0 g/L, the removal efficiencies 

of the P1 and P2 were 73.7%, 77.2%, 98.7% and 65.6%, 71.8%, 92.2% respectively.  
 

 

Fig. 6.7 MW distribution of NOM after adsorption at the AC dose of 0.1 g/L (WS-1). 

 

Additionally, the changes of Mw, Mn and polydispersity of released NOM after 

adsorption with eight ACs were also calculated and are displayed in the Fig 6.8 and Fig. 

6.9, respectively. For all ACs, Mw and Mn displayed a decreasing trend, whereas, the 

polydispersity displayed an opposite tendency with the increases of the AC dose. These 

results supported the finding mentioned earlier that NOM constituents possessing relatively 

larger MW were adsorbed preferably.  
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Fig. 6.8 Effect of AC dose on average MW of the released NOM (WS-1). 

 

Though all of the fractions contained in released NOM could be removed 
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simultaneously, the adsorption strength varied with the ACs. For the eight ACs, with the 

same released NOM, the final values of Mw, Mn and polydispersity after adsorption with 

the same AC dose of 10 g/L increased in the order: D > B > C > E > H > F > G > A, B > 

D > E > C > H > F > G > A and F > G > A > H > C > D > E > B, respectively.  

 

 
Fig. 6.9 Effect of AC dose on the polydispersity of the released NOM (WS-1). 

6.3.2 Adsorbability of released NOM on eight different ACs 

The adsorption isotherms plotted according to the modified Freundlich model for the 

overall concentration indices of DOC and UV260, and the FI of all fluorescent components 

(P1, P2 and P3) are displayed in Figs. 6.10 - Fig. 6.14, respectively. Irrespective of the 

index used, all adsorption isotherms were fairly well converged to a line, thus indicating 

the batch adsorption data could be well described by the modified Freundlich model. On 

the other hand, in a good agreement with the findings of Chapter 4 and 5, the higher 

correlation coefficient (R2) between the adsorption capacity (q) and the unadsorbed matter 

per unit carbon mass (C/DAC) obtained based on the FI of the fluorescent components 

demonstrated that the use of FI as an indicator for evaluation of the adsorbability of NOM 

was feasible. 
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Fig. 6.10 Modified Freundlich isotherm fits of batch experimental data for the released 

NOM with different ACs (DOC). 
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Fig. 6.11 Modified Freundlich isotherm fits of batch experimental data for the released 

NOM with different ACs (UV260). 
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Fig. 6.12 Modified Freundlich isotherm fits of batch experimental data for the released 

NOM with different ACs (P1). 
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Fig. 6.13 Modified Freundlich isotherm fits of batch experimental data for the released 

NOM with different ACs (P2). 
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Fig. 6.14 Modified Freundlich isotherm fits of batch experimental data for the released 

NOM with different ACs (P3). 
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The estimated values of two parameters involved in the modified Freundlich model, 

the adsorption strength (K) of NOM and its affinity (1/n) with ACs, as well as the 

corresponding correlation coefficient (R2) for all ACs are tabulated in the Table 6.2. 
 

Table 6.2 Estimated parameters of modified Freundlich isotherm model based on five 

indices (DOC, UV260, P1, P2 and P3) with eight different ACs. 

 Parameters A B C D E F G H 

DOC 

K (mg/g)1-1/n 2.035 2.036 2.098 2.034 2.195 1.638 2.374 1.222 

1/n 0.515 0.453 0.512 0.506 0.549 0.478 0.554 0.435 

R2 0.969 0.944 0.986 0.970 0.977 0.957 0.975 0.914 

UV260 

K [m1/n-1/(g/L)1-1/n 3.018 6.801 4.020 2.616 1.707 1.009 1.430 1.178 

1/n 0.424 0.245 0.446 0.545 0.617 0.732 0.686 0.626 

R2 0.913 0.915 0.923 0.967 0.943 0.933 0.959 0.909 

P1 

K [QSU/(g/L)]1-1/n 2.062 2.153 2.086 2.371 2.464 1.719 2.677 1.243 

1/n 0.549 0.490 0.527 0.630 0.542 0.528 0.548 0.434 

R2 0.943 0.959 0.942 0.988 0.935 0.926 0.949 0.887 

P2 

K [QSU/(g/L)]1-1/n 2.025 2.141 2.016 2.150 2.217 1.702 2.461 1.399 

1/n 0.573 0.536 0.539 0.630 0.571 0.517 0.647 0.509 

R2 0.924 0.950 0.918 0.979 0.901 0.907 0.964 0.878 

P3 

K [QSU/(g/L)]1-1/n 0.440 0.493 0.494 0.475 0.275 0.268 0.346 0.202 

1/n 0.532 0.462 0.482 0.375 0.681 0.673 0.602 0.739 

R2 0.850 0.757 0.843 0.549 0.923 0.887 0.923 0.949 
 

In addition, in order to clarify the dependency of the adsorption strength (K) of released 

NOM on ACs and the quality indices, using carbon G that was widely used in adsorption 

researches (Karanfil et al., 1996; Li et al., 2003; Gui et al., 2015) as the reference, the 

relative differences, given as the ratio of the K of each AC (Ki) to the K of carbon G (KG), 

i.e., Ki/KG, were computed and are plotted in Fig. 6.15. It could be seen from Table 6.2 and 

Fig. 6.15 that, among all five quality indices, the adsorption strength of released NOM 
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assessed by UV260 exhibited the largest differences with the ACs compared, suggesting a 

greater dependency of the adsorbability of the UV-absorbing constituents on the ACs used.  

Comparison of the results shown in Fig. 6.15 also demonstrated clearly that, for DOC, 

humic acids and fulvic acids reflected by P1 and P2, judging from the adsorption strength, 

carbon G was the optimal AC type. On the other hand, for adsorption of the UV-absorbing 

substances and the protein-like substances reflected by P3, the most effective AC was 

found to be carbon B, followed by carbon C and carbon A, and then carbon D that used 

wood as the raw material. The observed differences in the adsorption strength were 

probably contributed to AC differences in origin. Moreover, for the adsorption strength 

obtained based on the fluorescence intensity, for all ACs excluding carbon H, its values 

followed a declining order as: humic acids > fulvic acids > protein-like substances. And 

this finding is partly supported by the former studies (McCreary and Snoeyink, 1980; Gui 

et al., 2015), which reported that the adsorption strength for humic acids featured with 

relatively larger MW was stronger than that of fulvic acids possessed with smaller MW. 

On the other hand, the obvious differences in the affinity (1/n) for each index explicitly 

indicated the adsorbent dependency of the adsorption for NOM.   

 

 

Fig. 6.15 Relative differences against carbon G (Ki/KG) with different indices. 
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The relationships of the magnitudes of K of all eight ACs assessed by UV260 and the 

FI of P1, P2 and P3 with those assessed by the overall quality index of DOC are plotted in 

Fig. 6.16. The excellent correlation coefficient (R2) between K computed based on DOC 

and those based on P1 and P2 clearly indicated the possibility to estimate the adsorption 

strength of the humic acids and fulvic acids from the K values of different ACs assessed 

with the overall quality index of DOC. This result might be attributed to the fact that humic 

substances were the predominant organic species contained in the released NOM. On the 

other hand, the low correlation coefficient (R2) observed with UV260 and peak P3 might 

be attributed to the fact that some NOM constituents detected by UV260 could not be 

removed effectively by the ACs used in this study, like the protein-like substances reflected 

by P3.  

The K values of P1 and P2 with different ACs decreased in the order: G > E > D > B > 

A≈C > F > H. For the quality index of UV260, carbon B revealed a K value that deviated 

greatly above the regression line, indicating this type of AC had relatively higher 

adsorption strength for the UV260-absorbing organic constituents. Interestingly, the K 

distribution of four wood-based ACs (carbon A, B, C and D) was more concentrated than 

that of four coal-based ACs (carbon E, F, G and H), due to their differences in physical 

characteristics (Liou, 2010; Dolas et al., 2011; Sakurovs et al., 2016), which will be 

discussed in next chapter. 
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Fig. 6.16 Relationships of adsorption strength (K) against with K-DOC. 

6.4 Summary 

Investigation on the composition changes of NOM before and after adsorption, and its 

adsorbability on different ACs was conducted by using NOM released from a 

representative broadleaf forest soil. For all eight ACs used, humic acids were found more 

adsorbable than fulvic acids, followed by protein-like substances. The adsorption strength 

of NOM differed greatly with the ACs used, and carbon G was the most effective AC for 

removing humic substances contained in released NOM, while carbon B was more suitable 

for adsorbing organic species reflected by UV260. The adsorption strength of the humic 

acids and fulvic acids could be estimated from the K values assessed by the overall quality 

index of DOC. 
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Chapter 7 

CORRELATION OF ADSORPTION STRENGTH OF 

NOM WITH ITS CHARACTERISTICS AND 

ACTIVATED CARBONS 

7.1 Introduction 

NOM that mainly originated from the decomposition of plant and animal residues 

through a series of biochemistry reactions is a complex heterogeneous mixture of organic 

components with different functional groups (Swift 1996; Summers and Roberts 1998). 

The application of AC adsorption, as one of the best and the most effective methods for 

the removal of NOM contained in water is recognized. Since the concentration and 

composition of released NOM are greatly influenced by the soil origins and the releasing 

conditions, such as temperature, contact time and the ratio of soil to water (Martinez et al., 

2003; Celik 2005; Grybos et al., 2009), their adsorption strength might be affected by the 

associated properties. For instance, Hyung and Kim (2008) reported that the adsorption 

strength increased as pH decreased. On the other hand, the adsorption dependency on the 

pore size distribution of AC has also been reported in previous literatures (Urano et al., 

1982; Ebie et al., 2001; Li et al., 2002). Urano et al., (1982) recommended that the 

application of ACs with more pores in the size region of 30-100 Å for the removal of 

commercial humic acids. Ebie et al. (2001) reported that the pore size region below 15 Å 

was more effective for the adsorption of small molecules. Li et al. (2002) found that the 

pore volume within the pore size region of 30-100 Å was well correlated with the 

adsorption strength of DOM in rivers. 

The main objective of this study was to find out the most effective pore size region for 

the adsorption of humic acids, fulvic acids and protein-like substances.  
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7.2 data used for correlation analysis 

The experiment data of Chapter 4 regarding the adsorption of released NOM from 

eight different soil origins on one type of AC were used for correlation analysis between K 

and the released NOM properties, and the data of Chapter 6 pertaining to the adsorption of 

released NOM from one investigated soil on eight different ACs were selected for the 

correlation analysis between K and the ACs characteristics. 

7.3 Results and discussion 

7.2.1 Correlations between K and released NOM 

Table 7.1 Correlation coefficient (R2) for linear correlation analysis of the relations of the 

K values of DOC, UV260 and fluorescent components (P1, P2 and P3) with the 

characteristics of released NOM from eight soils. 

Indices DOC UV260 P1 P2 P3 

pH 0.003 0.001 0.014 0.012 0.005 

EC 0.012 0.014 0.014 0.002 0.082 

DOC/OM 0.382 0.774 0.529 0.568 0.588 

UV260/OM 0.657 0.725 0.467 0.596 0.516 
 

The values of R2 between K of NOM estimated with different indices (DOC, UV260 

and the FI of three fluorescent components of P1, P2 and P3) and the characteristics of 

released NOM from soil (pH, EC, DOC/OM and UV260/OM) were obtained and are 

tabulated in Table 7.1. When all the K values with different indices were used, the largest 

R2 for pH, EC, DOC/OM and UV260/OM were 0.014, 0.082, 0.774 and 0.725, respectively. 

The results indicated that the correlation between the adsorption strength and the 

characteristics of the released NOM was not significant. After classification of the soil 

origins, as displayed in Table 7.1, the existent of correlation was obvious since R2 

increased. For the forest soils (BF-1, BF-2, CF-1 and CF-2), the largest R2 values with the 
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characteristics of the released NOM increased to 0.275, 0.990, 0.660 and 0.763. Similarly, 

the R2 values of the agricultural soils (PF-1, PF-2, VF-1 and VF-2) changed to 0.438, 0.454, 

0.900 and 0.885, respectively. All these demonstrated that the adsorption strength (K) of 

released NOM was closely related to the soil origins. Hyung and Kim (2008) also reported 

that the adsorption extent of released NOM, obtained by using the modified Freundlich 

isotherm model, varied greatly depending on the types of released NOM and was 

proportional to the aromatic carbon content of the released NOM. 

 

Table 7.2 Correlation coefficient (R2) for linear correlation analysis of the relations of the 

K values of DOC, UV260 and fluorescent components (P1, P2 and P3) with the 

characteristics of released NOM from four forest and four agricultural soils. 

Indices 
Forest soils Agricultural soils 

DOC UV260 P1 P2 P3 DOC UV260 P1 P2 P3 

pH 0.080 0.275 0.043 0.019 0.039 0.153 0.133 0.001 0.004 0.438 

EC 0.980 0.859 0.926 0.990 0.953 0.115 0.224 0.004 0.001 0.454 

DOC/OM 0.384 0.660 0.220 0.359 0.263 0.014 0.900 0.070 0.258 0.206 

UV260/OM 0.713 0.763 0.569 0.754 0.626 0.039 0.885 0.060 0.318 0.138 

 

7.2.2 Correlations between K and the characteristics of ACs 

The R2 between K of NOM estimated with different indices (DOC, UV260 and the FI 

of three fluorescent components of P1, P2 and P3) and the characteristics of eight ACs 

(pore volume in specific regions, Zeta-potential and BET surface area) were obtained and 

are tabulated in Table 7.3. When all eight ACs were used, the largest value (0.017) of R2 

for the index of UV260 located in the size region of 0-15 Å, while those of the other four 

indices were found in the same size region of 0-30 Å with the values of 0.1, 0.171, 0.127 

and 0.268, respectively. This finding indicated that significant relation does not exist 

between the adsorption strength and ACs. When carbon D produced by the method of 

chemical activation was excluded from correlation analysis, the corresponding R2 values 

increased. As shown in Table 7.4, for the index of UV260, the largest R2 was 0.288 in the 
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pore size range of 30-50 Å, for the indices of DOC, P1 and P2, the largest R2 were 0.385, 

0.5 and 0.438 for pores in the size range of 30-100, and 0.165 for the index of P3 for pores 

in the size range of 0-30 Å.  
 

Table 7.3 Correlation coefficient (R2) for linear correlation analysis of the relations of the 

K values of DOC, UV260 and fluorescent components (P1, P2 and P3) with the pore 

volume of specific size regions, Zeta-potential and Surface area of eight ACs. 

Pore size (Å) DOC UV260 P1 P2 P3 

0-15 0.058 0.017 0.027 0.029 0.104 

0-30 0.100 0.000 0.171 0.127 0.268 

15-30 0.045 0.013 0.146 0.096 0.157 

15-100 0.040 0.002 0.137 0.084 0.155 

15-240 0.028 0.000 0.113 0.065 0.143 

30-50 0.038 0.009 0.126 0.079 0.181 

30-100 0.036 0.000 0.125 0.073 0.146 

30-240 0.022 0.001 0.099 0.054 0.133 

50-100 0.033 0.005 0.122 0.068 0.120 

50-240 0.018 0.005 0.091 0.047 0.119 

Zeta potential 0.054 0.019 0.042 0.060 0.006 

Surface area 0.105 0.001 0.162 0.122 0.256 

 

When the ACs were classified based on their raw materials into coal-based ACs 

(carbon A, B, C and D) and wood-based ACs (carbon E, F, G and H), the corresponding 

linear correlation relationship became stronger. For the coal-based ACs, the pore size 

region of the largest R2 (0.961) for the index of UV260 was 30-100 Å. The pore size region 

for the indices of DOC, P1 and P2 were 50-240 Å, with the largest R2 being 0.857, 0.877 

and 0.9, respectively. For the index of P3, the pore size region with the largest R2 (0.716) 

was 0-30 Å. On the other hand, for the wood-based ACs, the pore size region with the 

largest R2 was limited in the pore size below 30 Å. In other words, the highest R2 (0.551 

and 0.868) was associated with the pore size region of 0-15 Å for the indices of UV260 
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and P3, the pore size region below 30 Å for the index of DOC (0.35), and 15-30 Å for the 

indices of P1 and P2 (0.993 and 0.693), respectively. The apparent increase of R2 indicated 

that the adsorption strength of the released NOM were significantly influenced by the raw 

materials of ACs.  

 

Table 7.4 Correlation coefficient (R2) for linear correlation analysis of the relations of the 

K values of DOC, UV260 and fluorescent components (P1, P2 and P3) with the pore 

volume of specific size regions, Zeta-potential and Surface area of steam-activated ACs. 

Pore size (Å) DOC UV260 P1 P2 P3 

0-15 0.053 0.017 0.017 0.022 0.084 

0-30 0.220 0.006 0.166 0.178 0.165 

15-30 0.113 0.122 0.173 0.168 0.018 

15-100 0.257 0.091 0.360 0.332 0.014 

15-240 0.255 0.034 0.383 0.344 0.001 

30-50 0.250 0.288 0.303 0.307 0.079 

30-100 0.385 0.019 0.500 0.438 0.004 

30-240 0.297 0.007 0.440 0.371 0.013 

50-100 0.320 0.087 0.440 0.340 0.031 

50-240 0.172 0.179 0.292 0.218 0.100 

Zeta potential 0.054 0.019 0.043 0.061 0.010 

Surface area 0.185 0.001 0.127 0.136 0.134 

 

Additionally, taking the humic substances (P1 and P2) and protein-like substances (P3) 

into consideration, during the analysis of correlation based on the raw materials, the pore 

volume in the size region above 30 Å of four coal-based ACs and that in the size region 

above 15 Å of four wood-based ACs were strongly correlated with the adsorption strength 

of humic acids (P1). For fulvic acids (P2), the stronger correlation was observed with the 

size region of above 50 Å for coal-based ACs and 15-30 Å for wood-based ACs. However, 

for protein-like (P3) substances, the pores with smaller size might be more involved in the 

adsorption as higher R2 were found in the regions of 0-30 Å and 0-15 Å for the coal-based 
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and wood-based ACs, respectively. Considering the study of Ebie et al. (2001), who 

reported that the pore size region below 15 Å was more effective in the adsorption of small 

organic molecules, it is conceivable that the protein-like substances released from different 

soils were molecules smaller than humic substances. This finding was consistent with the 

finding of others (Matilainen, 2010; Zhu et al., 2014). By comparing with the results of 

river water DOM and commercial humic acids (Urano et al., 1982; Li et al., 2002) adsorbed 

on coal-based ACs, it could be drawn that the main effective pores for adsorption of humic 

substances were mainly concentrated in the pore size region above 15 Å.  

 

Table 7.5 Correlation coefficient (R2) for linear correlation analysis of the relations of the 

K values of DOC, UV260 and fluorescent components (P1, P2 and P3) with the pore 

volume of specific size regions, Zeta-potential and Surface area of four coal-based and 

four wood-based ACs. 

Pore size 
(Å) 

Coal-based ACs Wood-based ACs 

DOC UV260 P1 P2 P3 DOC UV260 P1 P2 P3 

0-15 0.263 0.046 0.243 0.278 0.658 0.060 0.551 0.052 0.270 0.868 

0-30 0.476 0.007 0.444 0.419 0.716 0.351 0.468 0.627 0.210 0.049 

15-30 0.371 0.093 0.350 0.285 0.358 0.222 0.058 0.993 0.693 0.144 

15-100 0.651 0.511 0.644 0.563 0.406 0.150 0.147 0.988 0.534 0.115 

15-240 0.783 0.540 0.777 0.704 0.540 0.131 0.187 0.973 0.478 0.100 

30-50 0.458 0.894 0.475 0.413 0.119 0.145 0.150 0.987 0.528 0.116 

30-100 0.636 0.961 0.657 0.608 0.243 0.106 0.222 0.955 0.427 0.095 

30-240 0.797 0.909 0.820 0.797 0.414 0.103 0.243 0.944 0.404 0.084 

50-100 0.757 0.937 0.781 0.754 0.366 0.081 0.279 0.921 0.355 0.079 

50-240 0.857 0.699 0.877 0.900 0.586 0.092 0.272 0.927 0.369 0.076 
Zeta 

potential 0.056 0.110 0.066 0.105 0.028 0.032 0.673 0.100 0.565 0.550 

Surface 
area 0.550 0.010 0.518 0.511 0.836 0.301 0.613 0.462 0.090 0.130 

 

For zeta potential and surface area, compared with the R2 obtained with the coal-based 
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ACs, the R2 relating to the wood-based ACs were higher. This result indicated that the 

effect of the raw material of AC was more significant than the activation method. 

7.3 Summary 

The correlations of the adsorption strength (K) of NOM with its properties and the 

properties of ACs were investigated using the correlation coefficient (R2) obtained by 

linear regression. The adsorption strength of released NOM was influenced not only by its 

characteristics, but also by the properties of ACs. The pore size region above 30 Å was 

effective for adsorption of humic substances, while, the pore size region below 30 Å was 

effective for adsorption removal of protein-like substances. 
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Chapter 8  

CONCLUSIONS 

The physicochemical properties and the activated carbon adsorbability of released 

NOM from eight different forest and agricultural soils were investigated. Based on the 

results obtained, the conclusions can be drawn as follows: 

In Chapter 3, the basic characteristics of released NOM were investigated and the 

results showed that the average content of OM followed the order of soil origin: VF 

(vegetable field) < PF (paddy field) < BF (broadleaf forest) < CF (coniferous forest), and 

the release potential of NOM was significantly influenced by pH conditions rather than the 

soil origins and the OM content. The concentration of released NOM under basic condition 

was tens of times larger than that under neutral and acidic conditions. The DOC-based 

mass concentration percentages of the released NOM under neutral condition estimated 

based on the fluorescence EEM images were: humic acids (12.4-49.9%), fulvic acids (25.0-

81.7%) and protein like substances (3.2-25.1%), showing significant composition 

variations with the soil origins.  

In Chapter 4, the adsorption behavior and adsorption strength of the released NOM 

were evaluated. The residual concentration of NOM assessed with the overall 

concentration indices (DOC and UV260) and the florescence intensity (FI) of three 

fluorescent components (P1, P2 and P3) after adsorption varied greatly with the soil origins. 

Humic substances (P1 and P2) were gradually removed by AC, but the protein-like 

substances (P3) could not be adsorbed completely even when the AC dose was increased 

to 5 g/L. The adsorption of organic species with larger MW size was more preferable than 

that with relatively smaller MW size. The application of modified Freundlich model for 

describing the adsorption of released NOM from different soil origins was acceptable and 

the use of fluorescent components for the adsorption analysis of NOM provided new 

information for better understanding the heterogeneity of NOM in their adsorbability. The 

adsorption strength of released NOM from agricultural soils obtained based on three 
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fluorescent components was higher than that from forest soils. 

In Chapter 5, as the releasing condition changed from acidic to basic, more NOM 

components possessing larger UV absorbing capability and larger MW were released into 

water. The modified Freundlich isotherm model was more effective in describing the 

adsorption isotherms of the released NOM than Langmuir and Freundlich models. Based 

on the batch adsorption experiments and isotherm data analysis with modified Freundlich 

isotherm model, the released NOM under neutral condition was found to possess higher 

adsorbability.  

In Chapter 6, humic acids were found more adsorbable than fulvic acids and then 

followed by protein-like substances. The adsorption strength of NOM differed greatly with 

the ACs used, and carbon G was the most available AC for removing humic substances 

contained in released NOM, while carbon B was more effective in adsorbing organic 

species reflected by UV260. The adsorption strength of the humic acids and fulvic acids 

could be estimated from the K values assessed with the overall quality index of DOC. 

In Chapter 7, the correlations of adsorption strength (K) with the properties of released 

NOM and ACs were investigated based on the magnitude of the correlation coefficient (R2) 

obtained through linear regression analysis. The adsorption strength of the released NOM 

was influenced not only by the characteristic of released NOM, but also by the properties 

of ACs. The pores with size above 30 Å was found more effective for adsorption of humic 

substances, while, the pores with size below 30 Å was more effective for the removal of 

protein-like substances. 

The findings of the study relating to this dissertation will benefit to better 

understanding of the physicochemical characteristics of released NOM from different soil 

origins, and to determination of optimal adsorption conditions for removal of NOM.  
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