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ABSTRACT 

 Nowadays agriculture uses a large amount of fertilizers. During periods of rain, nutrients can 

be carried from fertilized soils into the streams and rivers that feed the lakes. Leaching of excessive 

amounts of nutrients, primarily phosphorus and nitrogen, causes pollution of surface water and 

eutrophication, which is recognised as being detrimental to the overall health of the water ecosystem.  

 

 In this report, laboratory experiments were conducted to investigate the properties of 

biochar and agro-forest residues as adsorbents to remove nitrogen and phosphorous from aqueous 

solutions. Also chemically and physically activated carbon, as well as charcoal, have been tested as 

adsorbent for nitrate and phosphate. The influence of dolomite in the adsorption of nitrate and 

phosphate was studied mixing dolomite with chars produced at 600 ºC and 900 ºC. Char from straw 

shows the best adsorption capacity for nitrate among the studied adsorbents. Biomass (birch and 

miscanthus) shows better nitrate adsorption than chars from lucerne and charcoal. Physically activated 

carbons present better nitrate adsorption then chemically activated carbons. Char produced at 750 ºC 

and chars mixed with dolomite, as well as physically activated carbons, present good phosphate 

adsorption. Biomass (birch) does not adsorb phosphate well. The addition of dolomite to char 

increased the adsorption capacity for both nitrate and phosphate. 
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1. OBJETIVE 

 In the present work, different types of biochars, agro-forestry residues and activated carbons 

were used as adsorbents to investigate the adsorption of nitrate and phosphate from aqueous solutions, 

under simulated leaching conditions.   

 Studies concerning effect of type of adsorbent and concentration of nitrate and phosphate are 

presented and discussed. 

 

2. INTRODUCTION 

2.1. Leaching problem 

 Nitrate and phosphorus contamination in surface and ground water has become an 

increasingly important problem for all over the world. 

 Although these nutrients are found in moderate concentrations in most of the natural waters, 

higher levels mainly result from runoff in areas that are targeted by intensive farming methods reliant 

on the consumption of large quantities of fertilizers, which are sources of nitrogen and phosphorous 

containing compounds. [9] 

 

 Nutrients leaching or runoff is the loss of nutrients from any soil when they are present at 

levels greater than growing plants can utilize and/or the soil can hold. When it rains, these nutrients 

can move easily through soil into streams, rivers or lakes water.  About 2.5% of the land area occupied 

by terrestrial ecosystems suffered a serious leaching load of more than 30 kg/ ha year. [4] 

 

 Nitrogen compounds are converted to nitrates in the soil. These nitrate ions are not adsorbed 

by the negatively charged colloids that dominate most soils, but they are extremely soluble in water 

and can move downward freely with drainage water, so are thus readily leached from the soil into the 

water. 

 Otherwise, the release of phosphorus from agricultural soils is one of the essential limiting 

factors for the eutrophication. If its concentration is up to 0.025 mg/L, phosphorous is capable of 

causing eutrophication in surface waters. [18] 

  

 Nutrient losses by runoff depend on different factors, such as: soil type, topography, degree of 

imperviousness, slope, drainage density, tree cover, land use and amount of fertilizer used. Climatic 

factors such as rainfall intensity and duration, storm frequency, and time since antecedent rainfall are 

also important.  
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2.2. Fertilizers 

 Fertilizer is any organic or inorganic material of natural or synthetic origin that is added to a 

soil to supply one or more nutrients essential to the growth of plants. A recent assessment found that 

about 40 to 60% of crop yields are attributable to commercial fertilizer use. [34] 

 Inorganic fertilizer use has significantly supported global population growth; it has been 

estimated that almost half the people on the Earth are currently fed as a result of synthetic nitrogen 

fertilizer use. [34] 

 

 Sixteen nutrients are essential for the growth of most plants. They are derived from the 

surrounding air, water and soil. 

 - From air: carbon (as carbon dioxide). 

- From water: hydrogen and oxygen. 

- From soil, fertilizer and animal manure: nitrogen, phosphorus, potassium, calcium, magnesium, 

sulphur, iron, manganese, zinc, copper, boron, molybdenum and chlorine. 

 Fertilizers typically provide, in varying proportions: 

- Macronutrients: are needed by plants in large quantities. The primary nutrients are nitrogen, 

phosphorus, potassium, sulphur, calcium and magnesium.  

- Micronutrients (or "trace elements"): are required in very small amounts for correct plant growth. 

They need to be added in small quantities when they are not provided by the soil. They are: boron, 

chlorine, copper, iron, manganese, molybdenum, and zinc. 

  

2.3. Negative environmental effects of fertilizers 

 2.3.1. Leaching 

 The most important problem caused by the use of fertilizers is leaching of nutrients from 

agricultural soils, which includes many other problems associated as: acceleration in soil acidification, 

increase in fertilizer costs for farmers, reduce of crop yields, eutrophication, and adversely affects the 

quality of surface and groundwater that can cause diseases such as methemoglobinemia. [9] 
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 2.3.2. Eutrophication 

  Eutrophication is a natural, slow-aging process for a water body, but human activity 

greatly speeds up the process. Eutrophication is a problem due to the amount of nutrients currently 

entering these waters exceeds the seasonal loading capacity.[23] This way, this body of water acquires 

a high concentration of nutrients, especially phosphates and nitrates. These typically promote 

excessive growth of algae. As the algae die and decompose, high levels of organic matter and the 

decomposing organisms deplete the water of available oxygen, causing the subsequent death of fish 

and other aquatic species. [35] 

 Eutrophication of freshwater sources is a widespread global pollution issue. Surveys reveal 

that around 50% of all the lakes and reservoirs in all the continents barring Africa and Oceania are 

eutrophic. [23] 

 

 2.3.3. Methemoglobinemiae 

 Nitrates leaching to the aquatic environment can adversely affect human and animal health by 

causing methemoglobinemia, which is an illness that begins when large amounts of nitrates in water 

are ingested by an infant and converted to nitrite by the digestive system. The nitrate then reacts with 

oxyhemoglobin (the oxygen-carrying blood protein) to form metheglobin, which cannot carry oxygen. 

If a large enough amount of metheglobin is formed in the blood, body tissues may be deprived of 

oxygen, causing the infant to develop a blue coloration of their mucous membranes and possibly 

digestive and respiratory problems. [33] 

 

 

2.4. Nutrients cycle for a sustainable agricultural production 

 In the fields there are channelings where rain water (with leached nutrients) runs towards the 

rivers and lakes. If a filter (constituted for activated agricultural and forest residues) is placed in these 

channelings, it is possible to adsorb these substances, avoiding water pollution.	  

 Moreover, the content of the filter can be collected and added back to the ground. Due to its 

high content of nutrients (which have been adsorbed) can be used as fertilizer, so fewer fertilizers 

would be used in the next crop. 

 Hereby this system would have two big advantages: the nutrients leaching would be avoided 

and agricultural waste would be recycled to adsorb nutrients.	  

 Figure 1 shows a scheme of this system, which is a way of developing a sustainable 

agricultural production in better harmony with the environment. 
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Figure 1.- Nutrients cycle for a sustainable agricultural production.  

 

2.5. Previous researches in nitrate and phosphate removal 

 The effect of nitrates and phosphates on water quality and aquatic ecosystems has been the 

subject of considerable research in recent years. 

 Nutrient leaching has become an important limitation to improve the utilization efficiency of 

nutrients in agricultural production. In order to alleviate this problem, techniques must be developed to 

keep applied nitrogen and phosphorous in the topsoil and therefore increase its utilization efficiency. 

[7] 

 Nowadays, a possible solution for the leaching problem is to amend soils with slow release 

forms of fertilizers (the nutrients contained within the product are either slowly soluble or slowly 

released), but how effective slow-release fertilizers are in reducing leaching of applied nutrients under 

high leaching conditions is not well known. 

 Nutrients adsorption from water is also a very feasible process for in situ treatment of 

underground and surface water, primarily due to its ease of application. An increasing number of 

bioresources has been utilized in the preparation of adsorbents, and some studies show that certain 

bioresources have high potential for use as adsorbents.  [15] 
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During the last years, many studies have been done about nutrients adsorption. The studies 

include experiments in stirred tanks and in columns.  

- In stirred tanks the adsorbent and the nutrients solution are mixed and filtered, and then analyzed to 

determine the adsorption yield. [14],[15] 

- The columns are filled with adsorbent and soil. The nutrients solution goes throw the columns and 

then is collected to analyze its composition so the adsorption capacity can be determined. [7],[12] 

 

2.6. Adsorption process 

 Adsorption is a physicochemical phenomenon in which a solid, called adsorbent, retains a 

certain kind of molecules, called adsorbates, that are contained in a gas or liquid. [27] 

 Factors to be taken into consideration in an adsorption process regarding to the adsorbent-

adsorbate are the following: 

- Specific surface and porosity of the solid. 

- Particle size. 

- Pore size, structure and distribution. 

- Affinity of the adsorbate, depending on the chemical properties of the adsorbent surface. 

- Partial pressure or concentration of the adsorbate in the fluid phase. 

 

2.7. Adsorbents 

 2.7.1. Activated Carbon 

 Activated carbon is a black solid substance resembling granular or powder charcoal that is 

widely used as adsorbent in wastewater and gas treatments. 

 

 It is known as very effective adsorbent due to their highly developed porosity, large surface 

area (that can reach 3000 m2/g) and high degree of surface reactivity. Its structure depends on the 

carbonization and activation temperature. [27] 

 

 Activated carbon can be produced using two processes: physical activation or chemical 

activation. 

 There are two steps in the activation process when physical activation is used. The first one is 

the pyrolysis (carbonization of the raw material). The material is pyrolyzed at temperatures in the 

range of 600 – 900 ºC. In this process some volatile matters leave the material (it only remains the 
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carbonaceous structure).  

The second step is the activation at high temperature (in the range of 600 – 900 ºC) in a carbon 

dioxide or steam atmosphere (gasification) at higher temperatures. The oxidizing gases employed, 

steam or carbon dioxide, are reactive agents that remove volatile material from the solid creating pores 

in the material. 

 

 The chemical activation consists on the carbonization of the raw material previously 

impregnated with a chemical activating agent such as phosphoric acid, zinc chloride, sulfuric acid or 

potassium hydroxide. The impregnation enables the precursor to carbonize at lower temperatures 

(between 400 and 900 ºC). The pore size in the carbon is set by the impregnation ratio: larger pore 

diameters are achieved with a larger impregnation ratio. 

All the agents involved in the chemical activation have a common feature: dehydration of the sample 

during the chemical treatment stage and inhibit the formation of tar and volatiles, thereby increasing 

the char yield during pyrolysis. [27],[28] 

 Despite its prolific use in environmental protection, activated carbon remains an expensive 

material. In recent years, research interest in the production of low-cost alternatives to activated 

carbon has grown and agricultural wastes have emerged as a better choice. The production of activated 

carbons from agricultural wastes converts unwanted, surplus agricultural waste, of which billions of 

kilograms are produced annually, to useful valuable adsorbents. [14]  

 

 2.7.2. Biochar 

 Biochar, namely biomass-derived charcoal, refers to the highly aromatic substance remaining 

after pyrolysis and carbonization of biomass under complete or partial exclusion of oxygen, which can 

be produced from a wide range of biomass sources including woody materials, agricultural residues 

such as corncobs and crop straw, livestock manures, and other waste products.  The products of the 

pyrolysis are a solid residue (char), gaseous products (mainly CO2, H2, CO, CH4, C2H2, C2H4, C2H6, 

benzene) and liquid products (tars, high molecular hydrocarbons and water). 

 The char could be spread on agricultural fields and incorporated into the top layer of soil.  

 Biochar has many agricultural benefits:  

- Its high surface charge density enables the retention of cations by cation exchange and the high 

surface area, internal porosity, and the presence of both polar and non-polar surface sites enable 

biochar to adsorb organic molecules and associated nutrients.  

- It helps to prevent fertilizer runoff and leaching, allowing the use of less fertilizers and diminishing 

agricultural pollution to the surrounding environment. 
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- It increases crop yields, sometimes substantially if the soil is in poor condition. 

- It retains moisture, helping plants through periods of drought more easily.  

 

 2.7.3. Dolomite 

 Dolomite is a mineral composed of calcium magnesium carbonate: CaMg(CO3)2. Its 

heteroporous structure makes this compound useful in phosphates fixation by surface adsorption. The 

mechanism of sorption includes the sorption of orthophosphates ions onto calcium carbonates 

(retention) and/or precipitation of phosphates ions with calcium ions as the respective insoluble Ca-

phosphates. [10],[19] 

 

2.8. Determination of the adsorption capacity 

 2.8.1. Iodine number 

 This methodology is used to determine the adsorption capacity of any substance, although it is 

a parameter used to characterize activated carbon performance.  

 Iodine number is defined as the milligrams of iodine adsorbed by one gram of carbon. 

Basically, iodine number is a measure of the iodine adsorbed in the pores that is an indication of the 

pore volume available in the material of interest. [27] 

 

 2.8.2. BET analysis 

 The determination of specific surface area by the Brunauer Emmett and Teller (BET) theory is 

based upon the phenomenon of physical adsorption of gases on the surfaces of a porous solid. The 

amount of adsorbed gas depends on its relative vapour pressure. [27] 

 

 The BET theory is based on the following assumptions: 

- Homogeneous surface of the material. 

- At a certain vapour pressure a varying number of molecules are adsorbed. They are stacked on top of 

each other to form layers. 

- The number of layers becomes infinite at saturation. 

- A molecule covered by another molecule cannot be evaporated. 

- There is no horizontal interaction between molecules in different sites. 

- Condensation constant is equal to evaporation constant, which means that the number of molecules 

evaporating from a layer is equal to the number of condensing on the layer below. 
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The most used adsorbates for the characterization of activated carbons are liquid N2 and CO2. 

The N2 adsorption is slow because the diffusion trough the micropores is regulated by the low 

temperature of the analysis (77K). CO2 can be used at higher temperatures (273 K or 298 K) where the 

diffusion takes place easily and the equilibrium is reached before.  

 

2.9. Ionic chromatography 

 Ion chromatography (IC) is a subset of liquid chromatography applied to the determination of 

ionic solutes, such as inorganic anions, cations, transition metals, and low molecular-weight organic 

acids and bases. [30],[31] 

 The separation in IC is based on ionic (or electrostatic) interactions between ionic and polar 

analytes, ions presents in the eluent and the solid ion-exchange material that packs the column. 

 2.9.1. System 

The scheme of the ionic chromatography system is shown in Figure 2: 

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

Figure	  2.-‐	  Ionic	  chromatography	  system. 

The detailed explanation of the main parts of the process is shown in the following sections.  
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2.9.1.1.  Injection 

 The sample injection hardware is designed to introduce a small and reproducible volume of 

sample into the ion chromatograph. The sample is injected onto the column and pushed through it by 

the force of the constant flow of the mobile phase (eluent).  

 The injection system (manual or automated) rely on the injection valve that is designed to 

introduce precise amounts of sample into the sample stream with variation usually less than 0,5% 

volume difference from injection to injection. 

 2.9.1.2. Separation column 

 Ion chromatography incorporates a mobile phase and stationary phase.  

The mobile phase (eluent) is usually water or some buffer mixture (mixtures of acids and their salt or 

bases and their salt to maintain the pH of solutions). The prepared eluents are contained in a reservoir 

and pumped at a constant programmed rate into the chromatographic system.  

The stationary phase is the column that contains an active resin.  

 When the sample contacts the column, the dissolved ions in the sample will have an affinity 

for the column and replace less retained ions like those which make up the buffer.   

 Since each ion has different affinity for the column, some will spend less time while others 

will spend more time in the mobile phase. The fact that each ion has a different residence time in the 

mobile phase allows its separation.  

 

 2.9.1.3. Suppressor system 

 A suppressor system is used for sensitive detection of ions via their electrical conductance. Its 

function is to chemically reduce the background conductivity of the eluent after the exit of the 

separation column and before it enters the conductivity cell. Hydrogen ions pass through a cation-

exchange membrane and convert a basic eluent to a low-conductivity weak acid. An equivalent 

amount of the eluent cation passes through the membrane in the opposite direction to maintain electro-

neutrality. The analyte anion has now the highly conductive hydronium ion as its counterion, which 

can now be detected. 

 A mineral acid such as dilute sulphuric acid flows through outer parts of the suppressor to 

provide continuous regeneration. 

 The scheme of this system is shown in Figure 3: 
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Figure	  3.-‐	  Suppressor	  system.	  

 

 

 2.9.1.4. Data analysis and calculation of results 

 When the ions come out of the column the conductivity detector detects them.  The results are 

stored and displayed on a computer, which uses A/D (analog to digital) board to convert the analog 

signal from the detector to digital. 

 The most useful types of information are the peak retention times and the peaks areas and 

height. Retention times are used to confirm the identity of the ions and peak and height area represent 

the relative amount of each ion. When compared against known standards, the amount of each ion can 

be determined.  
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3. EXPERIMENTAL 

3.1. Materials 

 3.1.1. Chemicals. 

 In the experimental part of this thesis, four types of adsorbents were used:  

- Chars.  

- Charcoal. 

- Activated carbons. 

- Biomass (Birch and Miscanthus).  

- Mix of char and dolomite. In order to increase the adsorption yield, a mix of raw dolomite and char, 

in a ratio of 1:1 (char:dolomite) was used as adsorbent in some experiments. 

 

 As the leaching problem is the goal of this study, the used adsorbates were nitrate and 

phosphate (been part of solutions with different concentration). The salts used to prepare the solutions 

were:  

- Sodium nitrate (NaNO3). 

- Sodium phospate (NaPO4). 

- Potassium nitrate (KNO3). 

 

 3.1.2. Equipment. 

 For the BET analysis a Micrometritics ASAP 2010, computerised Accelerated Surface Area, 

Porosimetry and Chemisorption System was used. 

 A Metrohm Ion Chromatograph was used for the solution analysis. It had the following units: 

-          750 autosampler 

-          709 IC pump 

-          752 pump unit 

-          733 IC separation center 

-          732 IC detector  
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3.2. Characteristics of the adsorbents activation  

 3.2.1. Chars  

 Six types of chars have been used in the experiments. Four of them have been obtained from 

lucerne and one from straw. To realize pyrolysis, a thermobalance system was used. The char from 

lucerne were the soled residues after fluidized bed gasification at 500 ºC, 600 ºC, 750 ºC and 900 ºC. 

The last material used in the experiments was charcoal. [29] 

 

 3.2.2. Activated carbon   

 Five types of activated carbons are under study in this thesis (all of them were produced from 

coffee residues).  

 Three of them have been obtained using the chemical activation process with phosphoric acid 

and pyrolysis. The percentage of H3PO4 ranges between 30% and 40% and pyrolysis temperature 600 

and 700 ºC. The fourth activated carbon has been obtained using thermal activation and the fifth is a 

commercial one. The activated carbon physically activated was produced at 600 ºC. [28] 

  

3.3. Activated carbon and char adsorption capacity 

 To determine the adsorption properties of the activated carbon and chars, the BET analysis 

and the iodine number method have been done.  

 

 3.3.1. BET analysis 

 It has been studied the isotherms of the adsorbents using an adsorption instrument (ASAP 

2000) at liquid nitrogen temperature (77K). The total BET surface area, the pore diameter, the pore 

volume and the pore size distribution for each sample were analyzed and reported. 

 First of all, samples with a weight between 0.3 and 0.6 g have been degassed by vacuum force 

for at least 5 hours. After this, they were introduced into the analytical instrument and the BET 

analysis was carried out. 
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3.3.2. Iodine number method 

 In order to determine the iodine number, 25 mL of iodine solution (0.05 N) have been taken 

using a volumetric pipette. Then, the iodine solution has been put in a flask with the sample (around 

0.1 g) and mixed during one minute. After that, it has been centrifuged during three minutes. Finally, 

10 mL of the centrifuged solution have been taken to make a titration using a sodium tiosulfat solution 

(0.04 N).  

 The iodine number is the result of the Equation 1: 

Inumber = vIo ⋅ (vTB − vTS ) ⋅CI ⋅MI

vTB ⋅ms

                                           [1]                     

 

Where: 

vIo = volume of iodine solution (mL). 

vTB = volume of sodium tiosulfat solution used in the titration of 10 mL iodine solution (mL)  Blank 

vTS = volume of sodium tiosulfat solution used in the titration of 10 mL centrifuged solution (mL). 

CI = Iodine concentration (N) 

MI = Iodine molecular weight (g/mol) 

ms = Sample weight (g) 

 

3.4. Leaching experiments 

 3.4.1. Solutions preparation 

 It has been prepared five solutions with different concentration of nitrogen and phosphate, in 

order to simulate nutrient runoffs. 

 The salts used are shown in section 3.1.1 and the concentration of these salts is related with 

real concentration of runoffs according to some studies. [2], [6], [25], [26] 

 

The concentrations of each solution used in the experimental part of this thesis, are shown in Table 1: 
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 [NO3
-] mg/L [PO4

3-] mg/L 
Solution 1 8.64 - 
Solution 2 - 8.29 
Solution 3 12.94 - 
Solution 4 13.68 8.32 
Solution 5 65.86 42.73 

Table 1.- Nitrate and phosphate concentrations used in the experiments (mg/L). 

	   It is necessary to explain that solution zero is just distilled water used as a blank (in order to 

determine if the adsorbents release small quantities of nitrate or phosphate). 

 Solution five is approximately five times more concentrated than solution four (to study the 

effect of concentration). 

  

 3.4.1.1.  Solutions concentration 

 The way in which these concentrations have been calculated is shown below. 

The masses of salts used in each solution are shown in Table 2: 

 mg NaNO3 mg Na3PO4 mg KNO3 
Solution 0 - - - 
Solution 1 23.7 - - 
Solution 2 - 28.8 - 
Solution 3 - - 42.2 
Solution 4 - 28.9 44.6 
Solution 5 - 370.9 537.0 

Table 2.- Masses of salts used in each solution (mg). 

 

 For solutions 1 to 4, a 2 litres flask was used. For solution 5 a 5 litres flask was used. 

  

 Knowing the salts masses and the volume of each solution, the concentration of NO3
- and 

PO4
3-

 ions can be calculated with Equation 2: 

mg
L
!

"
#
ion

=
msalt

v
⋅
Mion

Msalt

                                                      [2] 
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Where: 

 msalt is the mass of the salt used in the solution (mg). 

 v is the volume of the flask (mL). 

 Mion is the molecular weight of the ion (g/mol). 

 Msalt is the molecular weight of the salt (g/mol). 

 

 The molecular weights of salts and ions used to calculate these concentrations are shown in 

Table 3: 

 Molecular weight (g/mol) 
NaNO3 84.99 
Na3PO4 164.94 
KNO3 101.1 
NO3

- 62.0 
PO4

3- 95.0 
Table 3.- Molecular weight of salts and ions (g/mol). 

The obtained concentrations of ions are shown in Table 1. 

 

 3.4.2. Adsorbents preparation 

 Charcoal has been milled and sieved (0.425 - 1 µm). 

 All the adsorbents (char, activated carbon and biomass) used in the experiments have been 

washed several times by using distilled water (to dissolve and remove some foreign chemical 

compounds or particles and avoid any pollution of the samples). 

Once cleaned and filtered using ordinary filter paper, they have been heated in a furnace at 110 ºC (for 

10 hours) to dry them. 

 Dolomite has been milled in order to reduce its particle size. 

  

 3.4.3. Samples characterization 

In order to evaluate the leaching process, the samples have been named easily as shown in Annexe I. 
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 3.4.4. Experimental procedure 

 The experimental procedure developed during the experimental part of this thesis consists	  in	  

a	  system	  formed	  by	  a	  stirred	  tank	  and	  a	  column	  to simulate the runoff	  process.	  

 The experimental device is shown in Annexe II.  

 In total, 74 experiments have been done. 

 

 

 The experiments were performed in 50 mL flasks by taking 25mL of the desired solution. An 

amount between 0.5 to 5.7 grams of adsorbent was added. The mixture of adsorbent and solution was 

mixed and stirred for two minutes. After that, the sample was filtered using a column to separate the 

adsorbed solution and the adsorbent. Finally the filtrated was collected in a flask.  

 The scheme of the procedure is shown in Annexe III 

 

 The experiments done and the mass of adsorbent used are shown in Tables 4, 5 and 6: 
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Experience Adsorbent Solution Adsorbent mass (g) 
1 

C 500 
0 0.502 

2 4 0.550 
3 

C 600 

0 0.888 
4 1 0.877 
5 2 0.819 
6 3 0.902 
7 4 0.803 
8 5 0.836 
9 

C 750 
0 0.362 

10 5 0.485 
11 

C 900 

0 0.740 
12 1 0.740 
13 2 0.773 
14 3 0.726 
15 4 0.712 
16 5 0.787 
17 

SC 

0 0.383 
18 1 0.264 
19 2 0.415 
20 4 0.370 
21 

Charcoal 

0 0.734 
22 1 0.772 
23 2 0.741 
24 3 0.730 
25 4 0.776 
26 5 0.758 

 

 

 

 

	  

	  

	  

	  

	  

	  

	  

Table 4.- Adsorbent mass used in chars experiments (g). 
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Experience Adsorbent Solution Adsorbent mass (g) 
27 

AC 40 - 700 

0 1.123 
28 1 1.198 
29 2 1.078 
30 3 1.158 
31 4 1.026 
32 5 1.014 
33 

AC 30 - 700 

0 1.197 
34 1 1.177 
35 2 1.164 
36 3 1.147 
37 4 1.195 
38 5 1.121 
39 

AC 30 - 600 

0 1.026 
40 1 1.042 
41 2 1.005 
42 3 1.054 
43 4 1.194 
44 5 1.087 
45 

AC Th - 600 

0 0.471 
46 1 0.492 
47 2 0.479 
48 3 0.446 
49 4 0.460 
50 5 0.462 
51 

Commercial 

0 0.945 
52 1 0.982 
53 2 0.988 
54 3 0.975 
55 4 0.998 
56 5 0.950 

 

 

 

 

 

 

	  

Table 5.- Adsorbent mass used in activated carbons experiments (g). 
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Experience Adsorbent Solution Adsorbent mass (g) Dolomite mass (g) 
57 

Birch 

0 3.319 - 
58 1 3.533 - 
59 2 3.321 - 
60 3 3.482 - 
61 4 3.714 - 
62 5 3.640 - 
63 

Miscanthus 

0 5.269 - 
64 1 5.135 - 
65 2 5.571 - 
66 3 5.394 - 
67 4 5.334 - 
68 5 5.331 - 
69 

C600.D 
0 0.501 0.524 

70 2 0.532 0.515 
71 5 0.537 0.527 
72 

C900.D 
0 0.468 0.430 

73 2 0.502 0.488 
74 5 0.466 0.489 

Table 6.- Adsorbent mass used in biomass and chars+dolomite experiments (g). 

 

3.5. Samples analysis 

 First of all, five solutions with 1, 2, 5, 10 and 20 ppm of nitrate and phosphate have been 

prepared to be used as standards. 

 The calibration curves have been obtained with the relation between concentration (ppm) and 

area of the chromatogram obtained with the chromatograph (µS/cm·s). These calibration curves have 

been used to determine the concentrations of the samples under study.	  

 Calibration data and regression lines are shown in Annexe IV and V.  

  

 Before introducing the samples into the chromatograph, they have been filtered through a 0.45 

mm filter to avoid blockages or damage to connecting tubing, column and other hardware 

components. Then, 825 µL of sample have been introduced in the chromatograph to be analyzed. Five 

injections (replications) were done for the initial solutions and three were done for the standards and 

samples. 

 Solution 5 was diluted five times to ensure that the concentration at the outlet was within the 

range of the standards.  

The results of the samples chromatograms are shown in Annexe VI and VII. 
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3.6. Nutrients adsorption 

 The scheme of the nomenclature used in this section is shown is Figure 4: 

 

	  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.- Nomenclature of adsorption calculations. 

Where: 

 vs is the volume of the samples added to the column (25 mL). 

 mgsi is the initial mass of the ion in the solution used (mg). 

 mgsf is the mass of the ion in the filtrate (mg). 

 gas is the mass of adsorbent used in leaching experiments (mg) 

 mgbf is the final mass of the ion in the blank (mg). 

 gab is the final mass of adsorbent used in blank experiments (mg) 

 

 

 The nitrate and phosphate adsorption (mg/g) can be easily measured using Equation 3: 

 

mg
g
!

"
#
ad

=
mgsi − (mgsf −mg 'bf )

gads
                                              [3] 
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Where: 

 mg/g is the mass of ion adsorbed per gram of adsorbent. 

 gads is the mass of adsorbent (g) 

 mg’bf is the mass of ion in the blank (in grams) recalculated considering that the amount of 

adsorbent used in every leaching experiments was not the same as the mass of the adsorbent used in 

blank’s experiments. It should be calculated the mass of the ion in the blank for an adsorbent mass 

equal to that used in the leaching experiments, in order to compare these values and operate with them. 

It is calculated as shown in Equation 4:  

mgbf ⋅
gs
gb
=mg 'bf                                                           [4] 

When working with dolomite, the same procedure should be done including the dolomite mass mixed 

with the adsorbent, as shown in Equation 5: 

mgbf ⋅
gs
gb
⋅
gds
gdb

=mg ''bf                                                     
 [5]

 

Where: 

 gds is the mass of dolomite used in leaching experiments (g). 

 gdb is the mass of dolomite used in blank experiments (g). 

mg’bf is the mass of ion in the blank recalculated considering the amount of adsorbent and dolomite 

(mg). 
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4. RESULTS AND DISCUSSION 

4.1. BET analysis 

 4.1.1. Activated carbons 

The results of BET surface area, pore diameter and pore volume are shown in the Table 7: 

Sample BET (m2/g) Pore diameter (A) Pore volume (cm3/g) 
AC 40 – 700 420.71 35.84 0.377 
AC 30 – 700 84.44 28.77 0.061 
AC 30 – 600 53.41 46.76 0.062 
AC Th 600 566.51 20.38 0.289 
Commercial 1222.42 20.76 0.358 

Table 7.- BET surface area,  pore diameter and volume of activated carbons. 

	  

 The activation temperature and the activation time play a relevant role in the properties of the 

resulting activated carbon. Activated carbons used in this study have been activated both chemically 

and physically at different temperatures keeping the time of two hours for physical activation and one 

hour for chemical activation. 

  

 Experimental results (Figure 5) show that the highest surface area is achieved by the 

commercial activated carbon, followed by the thermally activated carbon. The samples prepared with 

30% phosphoric acid show lower values of BET surface areas than those prepared with 40% of acid.  

The increase of the activation temperature form 600 ºC to 700 ºC in the activated carbon prepared 

using 30% phosphoric acid has not influence largely the BET surface area. But those activated at 700 

ºC have a little higher BET surface area than those activated at 600 ºC. 
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Figure 5.- Activated carbons BET surface area. 

 

 Figure 6 shows the effect of temperature and H3PO4 concentration on surface area:   

 

 

 

 

 

 

 

 

 

 

Figure 6.- Activated carbons BET surface area vs temperature. 

 

 

 Samples impregnated with 30% acid had a little increase in the BET surface area when 

temperature gets higher (from 53.41m2/g to 84.44 m2/g, with an increase of 100 ºC). Moreover, the 

sample activated using 40% phosphoric acid, has higher surface area than that activated using 30% 

phosphoric acid at the same temperature (700ºC); it is increased from 84.44 m2/g to 420.71 m2/g 

increasing 10% of H3PO4 (from 30% to 40%). The concentration of phosphoric acid has influenced 

markedly the BET surface area. Physical activated carbon has higher BET surface area than the 
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sample chemically produced at the same temperature (600 ºC). 

 4.1.2. Chars and biomass 

 Due to its low surface area, no results of surface area have been achieved with BET 

methodology for biomass neither for the majority of chars. 

 The char from lucerne produced at 900 ºC shows a BET surface area of 5.5 m2/g, an average 

pore diameter of 113 Å and a pore volume of 0.016 cm3/g. 

 

4.2. Iodine number 

 4.2.1. Activated carbons 

 The iodine number for the activated carbons samples are collected in Table 8:  

Sample Iodine number 
AC 40 – 700 86.47 
AC 30 – 700 144.06 
AC 30 – 600 142.61 
AC Th 600 185.52 
Commercial 486.82 

Table 8.- Iodine number of activates carbon samples. 

 

 Figure 7 shows that commercial activated carbon presents high iodine number in comparison 

to the AC activates in the laboratory, both chemically and physically. 

The AC activated physically has a little higher iodine number than the ACs chemically activated. 

 

 

 

 

 

 

 

 

Figure 7.- Activated carbons iodine number. 
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Figure 8.- Activated carbons Iodine number vs temperature. 

 

 Figure 8 shows that for samples activated with the same percentage of acid, an increase in 

temperature from 600 ºC to 700 ºC, does not cause a significant change in the iodine number (only an 

increase from 142.61 to 144.06). An increase of the acid concentration from 30% to 40% does not 

increase the iodine number. 

 

 4.2.2. Char and biomass 

 It necessary to explain that chars produced from lucerne at 500 and 600 ºC and biomass, have 

no results using the iodine number probably due to its low surface area. 

 

 The results obtained from the iodine methodology are shown in Table 9: 

Sample Iodine number 
C 750 70.48 
C 750 107.01 

SC 50.75 
Charcoal 15.59 

Table 9.- Iodine number of char samples. 

 

 Figure 9 shows the iodine number of chars from different raw materials. The raw material and 

the pyrolysis temperature influence the properties of the char. 
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 The experimental results show that the char produced at 900 ºC, presents higher iodine 

number than the char produced at 750 ºC. This means that an increase in temperature results in an 

increase in the iodine number (and hence in the surface area). 

 Charcoal showed lower iodine number than chars from lucerne and straw. Chars from lucerne 

have a higher iodine number than the char from straw. 

 

 

 

 

 

 

 

 

 

 

Figure 9.- Chars iodine number. 

  

Figure 10 shows the effect of temperature on iodine number for two samples: char from lucerne 

produced at 750 and 900 ºC.  It can be seen that the iodine number increases with the temperature in 

the studied chars. 

 

 

 

 

 

 

 

 

Figure 10.- Chars iodine number vs temperature. 
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4.3. Adsorption effectiveness  

 Calculations concerning the adsorption of nitrate and phosphate are shown in Annexes VIII 

and IX.	  

 The relation between concentration of the solutions and the added amount of nitrate and 

phosphate (considering that the volume of the salmple is 25 mL) are shown in Annexe X.	  

	   The nitrate adsorption effectiveness of each adsorbent is shown in Table 10: 
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Table	  10.-‐	  Nitrate	  adsorption.	  
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 The results are shown in mg/g (milligrams of nitrate adsorbed by one gram of adsorbent) and 

in percentage of milligrams adsorbed per milligram of nitrate added initially in the column (the 

amount of adsorbent used in each group of adsorbents is different, so the percentage can be used only 

to compare adsorbents in the same group). The average amounts of adsorbent used in each group of 

experiment are shown in Table 11. 

Adsorbent Average adsorbent mass (g) Average dolomite mass (g) 
Char 500 ºC 0.493 - 
Char 600 ºC 0.854 - 
Char 750 ºC 0.424 - 
Char 900 ºC 0.746 - 
Straw Char 0.358 - 
Charcoal 0.752 - 

AC 40% 700 ºC 1.100 - 
AC 30% 700 ºC 1.167 - 
AC 30% 600 ºC 1.068 - 
AC Th 600 ºC 0.468 - 
Commercial 0.973 - 

Birch 3.502 - 
Miscanthus 5.339 - 

Char 600 ºC + D 0.523 0.522 
Char 900 ºC + D 0.479 0.469 

 

 

 

 These data show that the average amount of adsorbent used is not the same for each group of 

adsorbents, therefore only it is possible to compare results in mg/g, where the adsorbent mass is 

considered.  

 Nitrate adsorption results for each adsorbent are detailed and discussed in section 4.3.1. 

 Phosphate adsorption effectiveness of each adsorbent is shown in Table 12: 

 

Table 11.- Average adsorbent mass used in each group of experiments (g). 
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Table 12.- Phosphate adsorption. 
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 The results are also shown in mg/g (milligrams of phosphate adsorbed by one gram of 

adsorbent) and in percentage of milligrams adsorbed per milligram of phosphate added initially in the 

column.   

 The values obtained using carbon activated with phosphoric acid and miscanthus as 

adsorbents, are not shown in Table 12 because experiments demonstrated that they contained a large 

amount of phosphate inside and large amounts of the contained phosphate desadsorbes during the 

experiment. Table 13 shows the amount of phosphate contained in the original adsorbent.	  

 

Adsorbent 

Average phosphate mass 
contained in the original 

sample (mg) 
Char 500 ºC 0.196 
Char 600 ºC 0.348 
Char 750 ºC 0.082 
Char 900 ºC 0.320 
Straw Char 0.241 
Charcoal 0.000 

AC 40% 700 ºC 12.867 
AC 30% 700 ºC 18.015 
AC 30% 600 ºC 49.827 
AC Th 600 ºC 0.045 
Commercial 0.973 

Birch 0.127 
Miscanthus 2.908 

Char 600 ºC + D 0.237 
Char 900 ºC + D 0.178 

 

 

 

 The amounts of phosphate contained in the AC chemically activated and in miscanthus are too 

large in comparison to the amount of phosphate introduced in the experiments to be adsorbed. For this 

reason, no experiments with these materials have been performed for phosphate adsorption. 

 Phosphate adsorption results for each adsorbent are detailed and discussed in section 4.3.2. 

 

 

 

Table 13.- Average phosphate mass contained in the original 
adsorbent (mg). 



Nitrate	  and	  phosphate	  removal	  from	  aqueous	  solutions	  by	  biochar	  and	  agro	  -‐	  forestry	  residues	  

	   41	  

4.3.1. Nitrate adsorption 

 Figure 11 can be used to compare nitrate adsorption in each solution. It shows that the best 

adsorbents for nitrate are thermal activated carbon and straw char. By contrast, chars and biomass do 

not present good nitrate adsorption capacity. It also shows that with increasing the concentration of the 

solution, the adsorption (in mg/g) is also increased. 

 

Figure 11.- Nitrate adsorption (mg/g). 

 The graph expressed in % of nitrate adsorbed from introduced solution is shown in Annexe 

XI. 

 

 4.3.1.1. Char adsorption 

 The nitrate adsorption obtained with this type of adsorbent is low (around 0.039 mg/g taking 

on average solution 1 and 3). The char produced at 600 ºC have higher adsorption capacity for nitrate 

than char produced at 750 ºC. 
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Solution 1 = 0,216 MG NO3- Solution 3 = 0,323 mg NO3- 

Solution 4 = 0,342 mg NO3- + 0,208 mg PO43- Solution5 = 1,647 mg NO3- + 1,068 mg PO43- 
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- Solution 3 = 0,323 mg NO3

- 

Solution 4 = 0,342 mg NO3
- + 0,208 mg PO4

3- Solution 5 = 1,647 mg NO3
- + 1,068 mg PO4

3- 



Nitrate	  and	  phosphate	  removal	  from	  aqueous	  solutions	  by	  biochar	  and	  agro	  -‐	  forestry	  residues	  

	   42	  

 By increasing the concentration of nitrate increases the adsorption effectiveness. The presence 

of phosphate (in solution 4 and 5) influences the nitrate adsorption. The adsorption of nitrates in 

solution 4 is lower than in solution 3 because of the presence of phosphates in solution 4. Phosphates 

adheres to the active centres of the adsorbent so fewer active centres are available for nitrate, thus its 

adsorption decreases. The same happens for with solution 5, both the phosphates and nitrates compete 

for the active centres of the adsorbent and the adsorption obtained is lower than it would be obtained 

using an initial solution containing only nitrates. In solution 5, containing higher amount of nitrates, 

the char has adsorbed higher amount of nitrates per gram of adsorbent. In solution 5, 11% of the 

introduced nitrates have been adsorbed, while in solution 3, around 23% of the introduced nitrate has 

been adsorbed (Table 10).	  

 In the experiments, 14% of the introduced nitrate has been adsorbed form solution 1, 23% 

from solution 3 with higher concentration of nitrate, 3.5% from solution 4 including both nitrate and 

phosphate and 11% from solution 5 including high concentration of nitrate and phosphate.	  In order to 

adsorb higher amounts of the introduced nitrate, higher amounts of adsorbent should be used. 

	  

	   4.3.1.2. Straw char adsorption	  

 With straw char it is obtained the highest values of nitrate adsorption (around 0.819 mg/g 

taking on average solution 1 and 3). The presence of inorganic material in the ashes seem have 

favoured the adsorption.	  

 The presence of phosphate ions in the solution does not cause a decrease in the adsorption.	  

The straw char has adsorbed all the nitrate introduced in the experiment (100% of adsorption, with 

solution 1 and 4 containing only nitrate). This means that it has not been reached the saturation 

capacity of this adsorbent. Lower amount of adsorbent could be used in the experiment without 

decreasing the adsorption capacity.	  

 

 4.3.1.3. Charcoal adsorption 

 The nitrate adsorption obtained with charcoal is low. Adsorption of nitrates in solution 1, 3 

and 4 (0.216 mg, 0.323mg and 0.342 mg in the initial solution) are almost the same (around 0.045 

mg/g for an average initial solution of 11.75 mg/L). The highest adsorption value is obtained for 

solution 5. 

 The presence of phosphate in solution 4 and 5 does not decrease the adsorption capacity for 

nitrate. 
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 In order to adsorb all the introduced nitrate, higher amount of charcoal should be used. 16% of 

the introduced nitrate has been adsorbed from solution 1, 9.5% from solution 3, 11% from solution 4 

and 8% from solution 5. 

 

 4.3.1.4. Carbons activated with phosphoric acid adsorption 

 The adsorption is relatively low (around 0.172 mg/g taking on average solution 1 and 3). By 

increasing the amount of nitrate in the initial solution, an increase in the adsorption is achieved. The 

presence of phosphate does not have any influence in the adsorption values of nitrate. The amount of 

nitrates adsorbed per gram activated carbon is higher in solution 5 than in solution 4, because of the 

higher concentration of nitrates in solution 5. But about 70% of the introduced amount of nitrates has 

been adsorbed from solution while only 43% of the introduced amount of nitrates has been adsorbed in 

solution 5.	  

 The acid concentration and activation temperature during the preparation of the activated 

carbon have not influenced the nitrate adsorption in the studied activated carbon. Very similar values 

were obtained in the experiments at high concentrations. At lower concentrations, similar adsorption 

values are obtained for the activated carbons at 700 ºC with 30% and 40% of acid being lower for the 

carbon activated at 600 ºC and 30% of acid as predicted in the BET surface area analysis.	  

	  

 4.3.1.5. Thermal activated carbon adsorption 

 High nitrate adsorption was obtained with this adsorbent (around 0.578 mg/g taking on 

average solution 1 and 3). 

 By increasing the amount of nitrate in the initial solution, an increase in the adsorption is 

achieved. The presence of phosphate does not have any influence in the adsorption of nitrate.  

 The AC thermally activated has adsorbed all the nitrate introduced in the experiment (99% of 

adsorption, with solution 1 and 3 containing only nitrate). When solution 4 is used containing nitrate 

and phosphate, the adsorption of nitrate is also high. 

 Thermal activates carbon has higher adsorption capacity then the studied chemically activated 

carbons. 
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4.3.1.6. Commercial activated carbon adsorption 

 Low adsorption was achieved with commercial activated carbon (around 0.058 mg/g taking on 

average solution 1 and 3). 

 If the amount of nitrate in the initial solution is increased, the adsorption is increased too. The 

presence of phosphate ions in the solution causes a decrease in the adsorption comparing solution 3 

and 4.	  

 In experiments with solution 5 (5 times higher nitrate concentration than solution 4), the 

activated carbon adsorbed higher amount of nitrate on the same proportion (0.055 mg/g in solution 4 

and 0.281 mg/g in solution 5).	  

 

 4.3.1.7. Biomass adsorption 

 The results are relatively low (around 0.061 mg/g for birch and around 0.042 mg/g for 

miscanthus taking on average solution 1 and 3). As in many other experiments, by increasing the 

amount of nitrate in the initial solution, an increase in the adsorption is achieved. The presence of 

phosphate does not have any influence in the adsorption values of nitrate. The amount nitrate adsorbed 

by gram biomass is higher in solution 5 than in solution 4 because the higher concentration of nitrates 

in solution 5. For solution 1 and 3 all the nitrate added to the system was adsorbed. This means that the 

adsorbent was not saturated with nitrate and it had capacity to adsorb higher amount of nitrates.	  

 It should be noted that in the experiments with biomass was used an amount of adsorbent 

much bigger than in rest of experiments (as can be seen in Table 14) and this may have an important 

influence in the adsorption values. 

 

 4.3.1.8. Chars with dolomite adsorption 

 A relatively high adsorption yield was achieved with char mixed with dolomite. 

 Dolomite clearly influences the adsorption of nitrate, increasing the yield in around 0.605 

mg/g. This is because the nitrate forms a compound with dolomite (eutectic mixture).	  

 At 600 ºC the all nitrate entering the system was adsorbed, so the adsorbent was not saturated 

and its yield could have been higher. 	  

 Around 0.5 g of adsorbent has been used in this experiment. The amount of used adsorbat 

could be reduced without reduction of the adsorption capacity. 
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4.3.2. Phosphate adsorption 

 Almost all the adsorbents release phosphate. Both the blank (solution without nutrient) and 

solution 1 and 3 (that only contains nitrate) were also used in order to determine the amount of 

phosphate present in the sample and desadsorbed during the experiment. 

 Results for phosphate adsorption are shown in Figure 12: 

	  

Figure 12.- Phosphate adsorption (mg/g). 

 

 This graphic shows that the best results are found for thermal activated carbon, 600 ºC char 

and chars with dolomite. Birch and chars present the lowest phosphate adsorption among the studied 

adsorbents. 

  The figure showing the percent phosphate adsorbed from introduced phosphate is 

included in Annexe XII. 
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 4.3.2.1. Char adsorption 

 This kind of adsorbent has low capacity to adsorb phosphate (0.092 mg/g taking an average of 

the adsorption in solution 2 and 4 for the used chars). In solution 5 (higher concentration of 

phosphates) the adsorption has increased in comparison to solution 4. Ther char produced at 750 ºC 

present higher adsorption than chars produced at 600 ºC and 900 ºC. 

 The adsorption capacity of the chars increased when the pyrolysis temperature increased from 

600ºC to 750ºC. Then the adsorption capacity decreased with chars pyrolyzed at 900ºC.  

 By increasing the concentration of phosphate increases the adsorption effectiveness. The 

presence of nitrate (in solution 4 and 5) does not influence the phosphate adsorption.  

 It is noted that the chars produced at 600 ºC and 900 ºC contains higher amount of phosphates 

(Table 13) than char produced at 500 ºC and 750 ºC. The reason could be differences in the used raw 

material (lucerne). This could influence the adsorption capacity. 

 

 4.3.2.2. Straw char adsorption 

 This adsorbent has not got as good adsorption for phosphate as for nitrate (0.120 mg/g taking 

an average of the adsorption in solution 2 and 4). The presence of nitrate has no influence in the 

adsorption of phosphate. For higher concentration the percentage of adsorption is also higher. 

 These results may be also strongly influenced by the presence of phosphate in the adsorbent. 

The material contained higher amounts of phosphate than the amount of phosphate introduced in the 

initial solution (Table 13). 

 

 4.3.2.3. Charcoal adsorption 

 It has low capacity of phosphate retention (0.106 mg/g taking an average of the adsorption in 

solution 2 and 4). Increasing the concentration of phosphate from solution 4 to solution 5, the amount 

of adsorbed phosphate increases. The presence of nitrate has no influence in the adsorption.  

 For higher concentration the percentage of adsorption is also higher. The amount phosphate 

adsorbed per gram charcoal is higher in solution 5 than in solution 4 because the higher concentration 

of phosphate in solution 5 than in solution 4. 

 Around 40% of the introduced phosphate has been adsorbed. In order to adsorb higher amount 

of phosphate, larger amount of adsorbent should be used. 
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4.3.2.4. Thermal activated carbon adsorption 

 High values of adsorption were found for this adsorbent (0.204 taking an average of the 

adsorption in solution 2 and 4). In these experiments the presence of nitrate does not influence the 

phosphate adsorption. The adsorption capacity is higher for higher concentrations of phosphate. The 

percentage of phosphate adsorbed from the introduced amount, is similar for solution 2 and 4 being 

lower for solution 5 (compared with the input, solution 5 retains lower amount of phosphate). 

 In solution 5, 34% of the introduced phosphate has been adsorbed, while 46% from solution 4 

has been adsorbed. In solution 5, the thermal activated carbon adsorbed 0.8 mg phosphate per gram 

adsorbent while in solution 4, 0.2 mg/g was adsorbed. Note that solution 5 contains five times more 

phosphate than solution 4. 

 

 4.3.2.5. Commercial activated carbon adsorption 

 Commercial activated carbon has low capacity of retain phosphate (0.071 mg/g taking an 

average of the adsorption in solution 2 and 4). 

 The adsorption capacity becomes higher with increasing phosphate concentration. The 
presence of nitrate does not have any influence in phosphate adsorption.  

The ratio of phosphate adsorbed related to the amount phosphate entering increases with the 
concentration of phosphate in the initial solution. 

 

 4.3.2.6. Birch adsorption 

 This adsorbent has the lowest capacity of phosphate retention (0.016 mg/g taking an average 

of the adsorption in solution 2 and 4) of the studied adsorbents, despite having used high amounts of 

adsorbent (Table 12).	  

 Increasing the concentration of phosphate in the solution, an increase in the adsorption is 

observed. The presence of nitrate has no influence in the adsorption of phosphate.  

The amount of phosphate adsorbed from solution 5 is the highest because the concentration of 

phosphate in the initial solution is also the highest of the studied solutions. 

 These results are also influenced by the presence of phosphate in the adsorbent. The original 

material contained higher amounts of phosphate than the amount phosphate introduced with the initial 

solution. 
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4.3.2.7. Chars with dolomite adsorption 

 The highest phosphate adsorption was found for this kind of adsorbent (0.419 mg/g taking an 

average of the adsorption in solution 2 and 4). The high phosphate adsorption is due to the phosphate 

forms a compound with dolomite (sorption of orthophosphates ions onto calcium carbonates and 

precipitation of phosphates ions with calcium ions as the respective insoluble Ca-phosphates).  

 For solution 2, the adsorption capacity is doubled when using dolomite in comparison to when 

only char is used; and it is six times higher when solution 4 is used. The addition of dolomite to the 

char has increased significantly the adsorption of phosphate. 

 The presence of nitrate in the solution has increased the adsorption capacity for phosphate 

significantly. From 0.18 mg/g in solution 2 the adsorption of phosphate increases to 0.7 mg/g in 

solution 4 for char produced at 600 ºC mixed with dolomite. All the phosphate introduced in the 

system was adsorbed for the adsorbent when solution 4 was used. 
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5. CONCLUSIONS 

- The commercial activated carbon has high BET surface area and iodine number. 

- Referring to the activated carbon chemically activated, an increase of the acid concentration from 

30% to 40% results in an increase of the BET surface area. 

- Temperature during pyrolysis influences the adsorption capacity of chars. For nitrate adsorption, 

chars pyrolyzed at 600ºC present higher adsorption. For phosphate, higher adsorptions were found at 

750 ºC. 

- The best adsorbent for nitrate adsorption in the studied experiment was char from straw. Biomass 

(birch and miscanthus) shows better adsorption capacity for nitrate than char from lucerne and 

charcoal. Thermally activated carbon shows better nitrate adsorption than chemically activated 

carbons. Char produced at 750 ºC, dolomite mixed with char produced at 600 ºC and 900 ºC and 

thermal activated carbon were found to be good adsorbents for phosphate adsorption. Biomass (birch) 

has not good adsorption capacity for phosphate. 

- Adsorption was higher for phosphate adsorption than for nitrate except when straw char, thermal 

activated carbon and birch were used. 

- With increasing initial phosphate and nitrate concentration, the amount of ion adsorbed increased. 

- The mixture of dolomite and char was more effective in phosphate and nitrate adsorption than the 

char sample. 

- The use of dolomite mixed with other adsorbents like straw or thermal activated carbon, could have 

increased the adsorption of phosphate and nitrate. 
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ANNEXE I – Nomenclature of the samples 

- Char: C X - y  

 Where: 

 C refers to char. 

 X refers to the production temperature.  

 y refers to the solution used (from 0 to 5). 

 

- Char with dolomite: C X .D - y  

 Where: 

 C refers to char. 

 X refers to the production temperature.  

 .D refers to the use of dolomite (ratio 1:1, dolomite:char ) 

 y refers to the solution used (from 0 to 5). 

 

- Straw char: SC - y 

 Where: 

 SC refers to straw char 

 y refers to the solution used 

 

- Charcoal: Charcoal - y 

 Where: 

 y refers to the solution used 

 

- Thermally activated carbon: AC  Th X - y 

 Where: 

 AC refers to activated carbon. 
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 Th refers to thermal activation.  

 X refers to the activation temperature. 

 y refers to the solution used (from 0 to 5). 

 

- Chemically activated carbon: AC  E X - y 

 Where: 

 AC refers to activated carbon. 

 E refers to the H3PO4 percentage.  

 X refers to the activation temperature. 

 y refers to the solution used (from 0 to 5). 

 

- Comercial activated carbon: CAC - y 

 Where: 

 CAC refers to commercial activated carbon 

 y refers to the solution used 

- Birch: B - y 

 Where: 

 B refers to birch  

 y refers to the solution used 

 

- Miscanthus: M - y 

 Where: 

 M refers to miscanthus 

 y refers to the solution used 
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ANNEXE II– Experimental device 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13.- Experimental device. 
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ANNEXE III – Experimental procedure 

 

Figure 14.- Experimental procedure. 

 

 

 

 

 

 

 

 

 



Nitrate	  and	  phosphate	  removal	  from	  aqueous	  solutions	  by	  biochar	  and	  agro	  -‐	  forestry	  residues	  

	   58	  

ANNEXE IV – Calibration data for nitrate solutions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mg/L NO3
- a b c Average peak area (!S/cm"s) 

1,0 4,983 5,406 5,320 5,236
2,0 10,576 10,182 10,813 10,524
5,0 27,434 26,632 27,045 27,037

10,0 53,787 55,484 53,364 54,212
20,0 113,412 115,237 110,653 113,101

 Nitrate Calibration

Figure 15.- Nitrate calibration. 

Table 14.- Nitrate calibration. 
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ANNEXE V – Calibration data for phosphate solutions 

 

 

 

 

 

 

 

mg/L PO4
3- a b c Average peak area  (!S/cm"s)

1,0 2,401 2,820 2,855 2,692
2,0 6,189 6,097 6,908 6,398
5,0 17,658 18,255 18,180 18,031
10,0 37,020 37,575 38,100 37,565
20,0 81,312 80,074 80,747 80,711

 Phosphate Calibration

Table 15.- Phosphate calibration. 

Figure 16.- Phosphate calibration. 
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ANNEXE VI.A – Chromatograph data for nitrate experiments. Solutions (5 injections) 

Solution a b c d e a b c d e Average Concentration Standard deviation
1 47,121 44,618 46,783 46,835 46,546 1 8,421 7,973 8,360 8,369 8,318 8,288 0,180
2 0,000 0,000 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000 0,000 0,000
3 64,662 69,351 68,099 70,823 69,936 1 11,555 12,393 12,169 12,656 12,498 12,254 0,429
4 75,211 73,567 76,501 72,498 76,202 1 13,440 13,146 13,671 12,955 13,617 13,366 0,308
5 33,778 34,553 35,103 33,797 35,510 5 30,181 30,873 31,365 30,198 31,728 30,869 0,691

NO3
- Peak Area (!S/cm"s) NO3

- Concentration (mg/L)Dilution

Table 16.- Chromatograph data for nitrate solutions. 
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ANNEXE VI.B - Chromatograph data for nitrate experiments. Samples (3 injections) 

	  

Table 17.- Chromatograph data for nitrate experiments. 

Sample a b c a b c Average concentration Standard deviation
C500 - 0 0,511 0,330 0,361 1 0,091 3,000 0,065 1,052 1,687
C500 - 2 0,571 0,330 0,932 1 0,102 0,059 0,167 0,109 0,054
C600 - 0 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
C600 - 1 41,106 41,627 42,357 1 7,346 7,439 7,569 7,451 0,112
C600 - 2 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
C600 - 3 56,811 56,015 55,392 1 10,152 10,010 9,899 10,020 0,127
C600 - 4 72,499 75,163 74,059 1 12,956 13,432 13,234 13,207 0,239
C600 - 5 64,795 66,691 66,057 5 57,894 59,588 59,022 58,835 0,862
C750 - 0 1,158 0,811 1,442 1 0,207 0,145 0,258 0,203 0,056
C750 - 5 69,126 69,877 71,414 5 61,764 62,435 63,808 62,669 1,042
C900 - 0 2,524 2,418 2,253 1 0,451 0,432 0,403 0,429 0,024
C900 - 1 48,025 47,421 49,565 1 8,582 8,474 8,857 8,638 0,198
C900 - 2 2,764 2,343 2,374 1 0,494 0,419 0,424 0,446 0,042
C900 - 3 70,624 68,706 72,398 1 12,621 12,278 12,938 12,612 0,330
C900 - 4 78,259 78,503 76,176 1 13,985 14,028 13,613 13,875 0,229
C900 - 5 70,410 71,773 67,144 5 62,911 64,129 59,993 62,345 2,125

Straw Char - 0 0,901 1,292 0,691 1 0,161 0,231 0,123 0,172 0,055
Straw Char - 1 0,991 0,285 0,090 1 0,177 0,051 0,016 0,081 0,085
Straw Char - 2 0,060 0,150 0,285 1 0,011 0,027 0,051 0,029 0,020
Straw Char - 4 0,421 0,421 0,631 1 0,075 0,075 0,113 0,088 0,022
Charcoal - 0 0,030 0,000 0,030 1 0,005 0,000 0,005 0,004 0,003
Charcoal - 1 40,081 40,292 41,462 1 7,162 7,200 7,409 7,257 0,133
Charcoal - 2 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
Charcoal - 3 68,452 62,229 66,273 1 12,232 11,120 11,843 11,732 0,564
Charcoal - 4 68,381 69,598 66,807 1 12,220 12,437 11,938 12,198 0,250
Charcoal - 5 67,743 66,641 69,454 5 60,528 59,544 62,057 60,710 1,266

AC 40.700 - 0 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
AC 40.700 - 1 10,547 10,757 11,502 1 1,885 1,922 2,055 1,954 0,090
AC 40.700 - 2 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
AC 40.700 - 3 20,602 20,153 19,656 1 3,682 3,601 3,513 3,598 0,085
AC 40.700 - 4 28,391 27,409 28,299 1 5,073 4,898 5,057 5,009 0,097
AC 40.700 - 5 43,783 42,357 41,667 5 39,120 37,846 37,229 38,065 0,964
AC 30.700 - 0 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
AC 30.700 - 1 10,994 10,668 10,669 1 1,965 1,906 1,907 1,926 0,034
AC 30.700 - 2 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
AC 30.700 - 3 19,083 20,337 20,683 1 3,410 3,634 3,696 3,580 0,150
AC 30.700 - 4 18,513 19,048 18,781 1 3,308 3,404 3,356 3,356 0,048
AC 30.700 - 5 39,124 42,197 40,577 5 34,957 37,703 36,256 36,305 1,374
AC 30.600 - 0 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
AC 30.600 - 1 15,863 15,927 14,617 1 2,835 2,846 2,612 2,764 0,132
AC 30.600 - 2 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
AC 30.600 - 3 24,447 23,743 23,767 1 4,369 4,243 4,247 4,286 0,071
AC 30.600 - 4 26,450 28,311 27,539 1 4,727 5,059 4,921 4,902 0,167
AC 30.600 - 5 42,425 43,907 44,034 5 37,907 39,231 39,344 38,827 0,799
AC Th.600 - 0 0,391 0,391 0,271 1 0,070 0,070 0,048 0,063 0,012
AC Th.600 - 1 0,616 1,022 0,751 1 0,110 0,183 0,134 0,142 0,037
AC Th.600 - 2 0,210 0,060 0,150 1 0,038 0,011 0,027 0,025 0,013
AC Th.600 - 3 1,112 0,781 0,841 1 0,199 0,140 0,150 0,163 0,032
AC Th.600 - 4 1,232 1,052 1,262 1 0,220 0,188 0,226 0,211 0,020
AC Th.600 - 5 4,690 4,509 4,656 5 4,191 4,029 4,160 4,126 0,086

Commercial - 0 11,059 11,395 11,663 1 1,976 2,036 2,084 2,032 0,054
Commercial - 1 50,088 49,694 48,965 1 8,951 8,880 8,750 8,860 0,102
Commercial - 2 12,805 13,138 13,130 1 2,288 2,348 2,346 2,327 0,034
Commercial - 3 67,357 68,390 70,311 1 12,037 12,221 12,565 12,274 0,268
Commercial - 4 73,949 75,099 79,471 1 13,215 13,420 14,201 13,612 0,521
Commercial - 5 62,334 63,438 66,358 5 55,695 56,682 59,291 57,223 1,858

Birch - 0 0,000 1,638 1,743 1 0,000 0,293 0,311 0,302 0,175
Birch - 1 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
Birch - 2 0,481 5,232 4,553 1 0,086 0,935 0,814 0,612 0,459
Birch - 3 3,757 0,000 0,030 1 0,671 0,000 0,005 0,226 0,386
Birch - 4 0,060 4,601 3,124 1 0,011 0,822 0,558 0,690 0,414
Birch - 5 20,942 19,899 21,140 5 18,712 17,780 18,889 18,460 0,596

M - 0 9,034 10,762 10,342 1 1,614 1,923 1,848 1,795 0,161
M - 1 7,859 7,335 7,706 1 1,404 1,311 1,377 1,364 0,048
M - 2 3,337 4,088 3,953 1 0,596 0,731 0,706 0,678 0,072
M - 3 2,195 1,367 1,111 1 0,392 0,244 0,199 0,278 0,101
M - 4 9,559 4,931 9,832 1 1,708 0,881 1,757 1,449 0,492
M - 5 2,105 12,198 13,771 5 1,881 10,899 12,304 8,361 5,656

C600.D - 0 15,314 4,525 1,774 1 2,737 0,809 0,317 1,287 1,279
C600.D - 2 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
C600.D - 4 2,585 2,706 2,435 1 0,462 0,484 0,435 0,460 0,024
C900.D - 0 1,173 1,323 1,383 1 0,210 0,236 0,247 0,231 0,019
C900.D - 2 1,504 1,834 1,608 1 0,269 0,328 0,287 0,295 0,030
C900.D - 4 15,301 15,604 16,743 1 2,734 2,788 2,992 2,838 0,136

NO3
- Peak Area (!S/cm"s) NO3

- Concentration (mg/L)Dilution
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ANNEXE VII.A - Chromatograph data for phosphate experiments. Solutions (5 injections) 

 

 

 

 

 

 

 

 

Solution a b c d e a b c d e Average concentration Standard deviation
1 0,000 0,000 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000 0,000 0,000
2 21,837 21,460 20,923 20,736 21,389 1 5,514 5,419 5,283 5,236 5,401 5,370 0,111
3 0,000 0,000 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000 0,000 0,000
4 20,692 20,157 20,163 22,200 21,539 1 5,225 5,090 5,091 5,606 5,439 5,290 0,227
5 9,443 10,636 9,557 9,133 9,734 5 11,922 13,428 12,066 11,530 12,289 12,247 0,716

PO4
3- Peak Area (!S/cm"s) Dilution PO4

3- Concentration (mg/L)

Table 18.- Chromatograph data for phosphate solutions. 
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ANNEXE VII.B - Chromatograph data for phosphate experiments. Samples (3 

injections) 

Sample a b c a b c Average concentration Standard deviation
C500 - 0 31,988 29,578 29,087 1 8,077 7,468 7,344 7,630 0,392
C500 - 2 57,696 58,000 58,094 1 14,568 14,645 14,669 14,627 0,053
C500 - 4 62,220 61,939 61,669 1 15,711 15,640 15,571 15,641 0,070
C600 - 0 57,627 59,675 55,845 1 14,551 15,068 14,101 14,573 0,484
C600 - 1 53,982 53,089 54,613 1 13,630 13,405 13,790 13,608 0,193
C600 - 2 73,773 72,246 72,826 1 18,628 18,242 18,389 18,419 0,195
C600 - 3 52,653 50,551 48,519 1 13,295 12,764 12,251 12,770 0,522
C600 - 4 68,623 68,429 65,600 1 17,327 17,278 16,564 17,057 0,427
C600 - 5 28,003 30,175 30,701 5 35,354 38,096 38,760 37,403 1,806
C750 - 0 9,111 10,665 9,193 1 2,301 2,693 2,321 2,438 0,221
C750 - 5 21,810 21,926 21,580 5 27,535 27,682 27,245 27,487 0,222
C900 - 0 37,585 58,924 54,038 1 9,490 14,878 13,645 12,671 2,823
C900 - 1 56,080 51,071 48,514 1 14,160 12,895 12,250 13,102 0,972
C900 - 2 62,113 82,210 80,207 1 15,684 20,758 20,252 18,898 2,795
C900 - 3 55,240 41,407 52,551 1 13,948 10,455 13,269 12,557 1,852
C900 - 4 77,884 68,138 68,648 1 19,666 17,205 17,334 18,068 1,385
C900 - 5 33,470 29,532 29,441 5 42,256 37,284 37,169 38,903 2,904

Straw Char - 0 43,630 41,730 40,203 1 11,017 10,537 10,151 10,568 0,434
Straw Char - 1 26,393 26,626 25,239 1 6,664 6,723 6,373 6,587 0,188
Straw Char - 2 73,391 69,615 72,023 1 18,531 17,578 18,186 18,098 0,483
Straw Char - 4 64,877 64,924 66,004 1 16,381 16,393 16,666 16,480 0,161

Charcoal - 0 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
Charcoal - 1 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
Charcoal - 2 20,151 21,183 20,699 1 5,088 5,349 5,226 5,221 0,130
Charcoal - 3 0,000 0,000 0,000 1 0,000 0,000 0,000 0,000 0,000
Charcoal - 4 20,971 19,469 18,731 1 5,295 4,916 4,730 4,980 0,288
Charcoal - 5 19,962 19,470 20,097 5 25,202 24,581 25,372 25,052 0,417

AC 40.700 - 0 2123,743 2046,516 2103,098 1 536,245 516,745 531,032 528,008 10,096
AC 40.700 - 1 2432,977 2305,760 2369,694 1 614,327 582,204 598,348 598,293 16,061
AC 40.700 - 2 2142,601 2075,148 2166,914 1 541,007 523,975 547,146 537,376 12,005
AC 40.700 - 3 2352,289 2254,624 2244,691 1 593,953 569,293 566,784 576,677 15,014
AC 40.700 - 4 1895,574 1942,924 1955,707 1 478,632 490,588 493,816 487,679 7,999
AC 40.700 - 5 326,346 329,867 331,383 5 412,012 416,457 418,371 415,613 3,262
AC 30.700 - 0 2909,173 2988,377 2933,511 1 734,566 754,565 740,712 743,281 10,244
AC 30.700 - 1 3371,554 3283,749 3182,223 1 851,317 829,147 803,511 827,992 23,924
AC 30.700 - 2 2857,608 2976,702 2874,523 1 721,546 751,617 725,817 732,993 16,269
AC 30.700 - 3 2816,225 2881,676 2842,050 1 711,097 727,623 717,618 718,779 8,324
AC 30.700 - 4 3102,798 3124,654 3032,866 1 783,456 788,975 765,799 779,410 12,106
AC 30.700 - 5 466,214 477,235 487,345 5 588,595 602,509 615,273 602,126 13,343
AC 30.600 - 0 7516,436 7535,356 - 1 1897,900 1902,677 - 1900,289 3,378
AC 30.600 - 1 7349,502 7346,321 7267,937 1 1855,749 1854,946 1835,154 1848,616 11,666
AC 30.600 - 2 6825,093 6786,630 6693,494 1 1723,336 1713,624 1690,107 1709,022 17,086
AC 30.600 - 3 7043,550 7021,276 7102,453 1 1778,496 1772,872 1793,369 1781,579 10,591
AC 30.600 - 4 7662,351 - 7759,279 1 1934,744 - 1959,218 1946,981 17,306
AC 30.600 - 5 1331,448 1380,909 1306,706 5 1680,953 1743,398 1649,716 1691,356 47,699
AC Th.600 - 0 9,285 6,523 5,772 1 2,344 1,647 1,457 1,816 0,467
AC Th.600 - 1 7,725 6,601 7,631 1 1,951 1,667 1,927 1,848 0,157
AC Th.600 - 2 24,912 25,755 24,926 1 6,290 6,503 6,294 6,362 0,122
AC Th.600 - 3 7,180 6,668 6,941 1 1,813 1,684 1,753 1,750 0,065
AC Th.600 - 4 24,433 24,865 24,764 1 6,169 6,278 6,253 6,234 0,057
AC Th.600 - 5 24,053 23,990 23,309 5 30,367 30,287 29,428 30,027 0,521
Commercial - 0 7,648 7,035 7,997 1 1,931 1,776 2,019 1,909 0,123
Commercial - 1 8,629 8,503 8,231 1 2,179 2,147 2,078 2,135 0,051
Commercial - 2 30,103 29,943 30,406 1 7,601 7,561 7,678 7,613 0,059
Commercial - 3 7,574 6,764 7,786 1 1,912 1,708 1,966 1,862 0,136
Commercial - 4 28,437 29,883 29,738 1 7,180 7,545 7,509 7,412 0,201
Commercial - 5 21,604 21,952 22,280 5 27,275 27,714 28,129 27,706 0,427

Birch - 0 18,328 19,204 19,138 1 4,628 4,849 4,832 4,770 0,123
Birch - 1 18,141 17,631 18,444 1 4,581 4,452 4,657 4,563 0,104
Birch - 2 44,022 42,998 45,279 1 11,116 10,857 11,433 11,135 0,288
Birch - 3 18,452 19,174 17,428 1 4,659 4,841 4,401 4,634 0,222
Birch - 4 44,183 43,931 44,205 1 11,156 11,093 11,162 11,137 0,038
Birch - 5 24,427 24,768 25,560 5 30,839 31,270 32,270 31,459 0,734

Miscanthus - 0 452,637 455,392 452,571 1 114,291 114,986 114,274 114,517 0,407
Miscanthus - 1 691,116 721,130 708,773 1 174,507 182,085 178,965 178,519 3,809
Miscanthus - 2 625,298 621,778 647,455 1 157,888 156,999 163,482 159,456 3,515
Miscanthus - 3 574,075 569,193 577,419 1 144,954 143,721 145,798 144,824 1,045
Miscanthus - 4 703,637 700,369 751,921 1 177,668 176,843 189,860 181,457 7,289
Miscanthus - 5 135,596 137,753 130,993 5 171,190 173,913 165,379 170,161 4,359

C600.D - 0 36,399 35,460 38,000 1 9,191 8,954 9,595 9,246 0,324
C600.D - 2 55,072 57,320 56,524 1 13,906 14,473 14,272 14,217 0,288
C600.D - 4 13,405 10,643 10,944 1 3,385 2,687 2,763 2,945 0,383
C900.D - 0 27,088 26,422 28,243 1 6,840 6,672 7,131 6,881 0,233
C900.D - 2 56,984 51,774 51,530 1 14,388 13,073 13,011 13,491 0,778
C900.D - 4 11,934 10,643 9,379 1 3,013 2,687 2,368 2,690 0,323

PO4
3- Peak Area (!S/cm"s) Dilution PO4

3- Concentration (mg/L)

Table 19.- Chromatograph data for phosphate experiments. 
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ANNEXE VIII - Adsorption data for nitrate 

 

 

Sample NO3
- (mg/L) NO3

- (mg) mg mg/g Adsorbed % from 
introduced amount

C600 - 0 0,000 0,000 0,888 0,0000 - - -
C600 - 1 7,451 0,186 0,877 0,0000 0,030 0,034 13,8
C600 - 3 10,020 0,251 0,902 0,0000 0,073 0,081 22,6
C600 - 4 13,207 0,330 0,803 0,0000 0,012 0,015 3,4
C600 - 5 58,835 1,471 0,836 0,0000 0,176 0,210 10,7
C750 - 0 0,203 0,005 0,362 0,0051 - - -
C750 - 5 62,669 1,567 0,485 0,0068 0,087 0,179 5,3
C900 - 0 0,429 0,011 0,740 0,0107
C900 - 1 8,638 0,216 0,740 0,0107 0,011 0,015 5,0
C900 - 3 12,612 0,315 0,726 0,0105 0,019 0,026 5,8
C900 - 4 13,875 0,347 0,712 0,0103 0,005 0,007 1,6
C900 - 5 62,345 1,559 0,787 0,0114 0,099 0,126 6,0

Straw Char - 0 0,172 0,004 0,383 0,0043 - - -
Straw Char - 1 0,081 0,003 0,264 0,0030 0,216 0,819 100,0
Straw Char - 4 0,088 0,004 0,370 0,0041 0,342 0,925 100,0

Charcoal - 0 0,004 0,000 0,734 0,0001 - - -
Charcoal - 1 7,257 0,181 0,772 0,0001 0,035 0,045 16,1
Charcoal - 3 11,732 0,293 0,730 0,0001 0,030 0,041 9,4
Charcoal - 4 12,198 0,305 0,776 0,0001 0,037 0,048 10,8
Charcoal - 5 60,710 1,518 0,758 0,0001 0,129 0,170 7,8

AC 40.700 - 0 0,000 0,000 1,123 0,0000 - - -
AC 40.700 - 1 1,954 0,049 1,198 0,0000 0,167 0,140 77,4
AC 40.700 - 3 3,598 0,090 1,158 0,0000 0,234 0,202 72,2
AC 40.700 - 4 5,009 0,125 1,026 0,0000 0,217 0,211 63,4
AC 40.700 - 5 38,065 0,952 1,014 0,0000 0,695 0,685 42,2
AC 30.700 - 0 0,000 0,000 1,197 0,0000 - - -
AC 30.700 - 1 1,926 0,048 1,177 0,0000 0,168 0,143 77,7
AC 30.700 - 3 3,580 0,090 1,147 0,0000 0,234 0,204 72,3
AC 30.700 - 4 3,356 0,084 1,195 0,0000 0,258 0,216 75,5
AC 30.700 - 5 36,305 0,908 1,121 0,0000 0,739 0,659 44,9
AC 30.600 - 0 0,000 0,000 1,026 0,0000 - - -
AC 30.600 - 1 2,764 0,069 1,042 0,0000 0,147 0,141 68,0
AC 30.600 - 3 4,286 0,107 1,054 0,0000 0,216 0,205 66,9
AC 30.600 - 4 4,902 0,123 1,194 0,0000 0,219 0,184 64,2
AC 30.600 - 5 38,827 0,971 1,087 0,0000 0,676 0,622 41,0
AC Th.600 - 0 0,063 0,002 0,471 0,0016 - - -
AC Th.600 - 1 0,142 0,004 0,492 0,0016 0,214 0,435 99,1
AC Th.600 - 3 0,163 0,004 0,446 0,0015 0,321 0,720 99,2
AC Th.600 - 4 0,211 0,005 0,460 0,0015 0,338 0,735 98,9
AC Th.600 - 5 4,126 0,103 0,462 0,0015 1,545 3,346 93,8

Commercial - 0 2,032 0,051 0,945 0,0508 - - -
Commercial - 1 8,860 0,222 0,982 0,0528 0,047 0,048 21,9
Commercial - 3 12,274 0,307 0,975 0,0524 0,069 0,071 21,4
Commercial - 4 13,612 0,340 0,998 0,0537 0,055 0,055 16,2
Commercial - 5 57,223 1,431 0,950 0,0511 0,267 0,281 16,2

Birch - 0 0,302 0,008 3,319 0,0076 - - -
Birch - 1 0,000 0,008 3,533 0,0080 0,216 0,061 100,0
Birch - 3 0,226 0,008 3,482 0,0079 0,323 0,093 100,0
Birch - 4 0,690 0,017 3,714 0,0085 0,333 0,090 97,4
Birch - 5 18,460 0,462 3,640 0,0083 1,193 0,328 72,5

Miscanthus - 0 1,795 0,045 5,269 0,0449 - - -
Miscanthus - 1 1,364 0,044 5,135 0,0437 0,216 0,042 100,0
Miscanthus - 3 0,278 0,046 5,394 0,0459 0,323 0,060 100,0
Miscanthus - 4 1,449 0,045 5,334 0,0454 0,342 0,064 100,0
Miscanthus - 5 8,361 0,209 5,331 0,0454 1,483 0,278 90,1

C600.D - 0 1,287 0,032 0,501 0,0322 - - -
C600.D - 4 0,460 0,034 0,537 0,0345 0,342 0,637 100,0
C900.D - 0 0,231 0,006 0,468 0,0058 - - -
C900.D - 4 2,838 0,006 0,466 0,0058 0,342 0,734 100,0

Adsorbent mass (g)
OUTPUT Adsorbed NO3

-  NO3
- mass contained in 

the original sample 
(blank) (mg)

Table 20.- Nitrate adsorption data 
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ANEXXE IX - Adsorption data for phosphate 

 

Sample PO4
3- (mg/L) PO4

3- (mg) mg mg/g
Adsorbed % from 
introduced amount

C500 - 0 7,630 0,191 0,502 0,1907 - - -
C500 - 2 14,627 0,366 0,484 0,1840 0,026 0,051 12,4
C600 - 0 14,573 0,364 0,888 0,3643 - - -
C600 - 2 18,419 0,460 0,819 0,3360 0,083 0,101 40,0
C600 - 4 17,057 0,426 0,803 0,3293 0,111 0,138 53,3
C600 - 5 37,403 0,935 0,836 0,3429 0,476 0,569 44,6
C750 - 0 2,438 0,061 0,362 0,0610 - - -
C750 - 5 27,487 0,687 0,485 0,0817 0,463 0,954 43,3
C900 - 0 12,671 0,317 0,740 0,3168 - - -
C900 - 2 18,898 0,472 0,773 0,3307 0,066 0,085 31,7
C900 - 4 18,068 0,452 0,712 0,3049 0,061 0,086 29,4
C900 - 5 38,903 0,973 0,787 0,3369 0,432 0,549 40,5

Straw Char - 0 10,568 0,264 0,383 0,2642 - - -
Straw Char - 2 18,098 0,452 0,415 0,2868 0,042 0,100 20,1
Straw Char - 4 16,480 0,412 0,370 0,2553 0,051 0,139 24,7

Charcoal - 0 0,000 0,000 0,734 0,0000 - - -
Charcoal - 2 5,221 0,131 0,741 0,0000 0,077 0,104 37,0
Charcoal - 4 4,980 0,125 0,776 0,0000 0,084 0,108 40,2
Charcoal - 5 25,052 0,626 0,758 0,0000 0,442 0,583 41,4

AC Th.600 - 0 1,816 0,045 0,471 0,0454 - - -
AC Th.600 - 2 6,362 0,159 0,479 0,0462 0,094 0,197 45,6
AC Th.600 - 4 6,234 0,156 0,460 0,0444 0,097 0,210 46,4
AC Th.600 - 5 30,027 0,751 0,462 0,0446 0,362 0,784 33,9

Commercial - 0 1,909 0,048 0,945 0,0477 - - -
Commercial - 2 7,613 0,190 0,988 0,0499 0,067 0,068 32,3
Commercial - 4 7,412 0,185 0,998 0,0504 0,073 0,073 35,2
Commercial - 5 27,706 0,693 0,950 0,0480 0,423 0,446 39,6

Birch - 0 4,770 0,119 3,319 0,1192 - - -
Birch - 2 11,135 0,278 3,321 0,1193 0,048 0,015 23,3
Birch - 4 11,137 0,278 3,714 0,1334 0,063 0,017 30,3
Birch - 5 31,459 0,786 3,640 0,1308 0,412 0,113 38,6

C600.D - 0 9,246 0,231 0,501 0,2312 - - -
C600.D - 2 14,217 0,355 0,532 0,2453 0,097 0,183 46,9
C600.D - 4 2,945 0,074 0,537 0,2478 0,382 0,712 100,0
C900.D - 0 6,881 0,172 0,468 0,1720 - - -
C900.D - 2 13,491 0,337 0,502 0,1846 0,055 0,109 26,4
C900.D - 4 2,690 0,067 0,466 0,1712 0,312 0,670 100,0

OUTPUT
Adsorbent mass (g)

 PO4
3- mass contained in 

the original sample 
(blank) (mg)

Adsorbed PO4
3- 

Table 21.- Phosphate adsorption data 
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ANNEXE X - Relation between concentration and mass of the initial solutions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

|NO3
-| mg/L mg NO3

-

Solution 1 8,64 0,216
Solution 2 - -
Solution 3 12,94 0,323
Solution 4 13,68 0,342
Solution 5 65,86 1,647

|PO4
3-| mg/L mg PO4

3-

Solution 1 - -
Solution 2 8,29 0,207
Solution 3 - -
Solution 4 8,32 0,208
Solution 5 42,73 1,068

Table 22.- Nitrate mass added to the column (mg). 

Table 23.- Phosphate mass added to the column (mg). 
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ANNEXE XI - Percentage of nitrate adsorbed from introduced solution. 

 

 

 

 

 

 

 

 

Figure 17.- % Nitrate adsorbed from introduced solution. 
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ANNEXE XII - Percentage of phosphate adsorbed from introduced solution. 

 

 

	  

Figure 18.- % Phosphate adsorbed from introduced solution. 
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