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Abstract 
 Pollution of lakes, oceans, rivers and groundwater is a large issue, which is 

becoming more and more obvious since human health and the environment is being affected. 

Heavy metals are released from industries, large amounts of pharmaceuticals and personal 

care products end up in wastewater and agricultural fertilizers contaminate the environment. 

To address this growing problem adsorption on activated carbon, a porous carbon material, is 

often used. However the process of making activated carbon is complicated and costly, thus a 

cheaper option with similar effect has been developed, biochar. Fulvic acid, a type of 

dissolved organic matter commonly present in natural water sources, influences the 

adsorption efficiency. Adsorption on activated carbon and biochar of six heavy metals and 30 

organic contaminants was examined both in water solution and in the presence of fulvic acid. 

It was found that activated carbon was a more efficient adsorbent than biochar for organic and 

inorganic compounds. Fulvic acid was found to decrease adsorption on both adsorbents by 

forming complexes with the contaminants. The aim of this experiment was to examine the 

efficiency of AC and biochar as adsorbents of organic and inorganic compounds, as well as to 

observe how fulvic acid affected the process. 
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Introduction 
Currently the global pollution rate is increasing due to many different factors, 

for example the increased use of pharmaceuticals that end up in wastewater and the high 

concentrations of heavy metals released from industries. A popular approach to these issues is 

adsorption, which has been proven to be very efficient on many different contaminants, both 

organic and inorganic [2]. A common approach of adsorption is the usage of activated carbon 

(AC), a porous carbon material. Depending on the treatment of the starting material, thermal, 

chemical and/or physical, the AC is suitable for a variety of things. For adsorption of 

pollutants from agricultural sources AC is a good method, since the materials are used in high 

amounts [3]. However the activation process of carbon is expensive, thus a cheaper 

alternative has been examined. Thermal treatment, in low oxygen concentration conditions, of 

biomass creates a carbon rich compound called biochar [9]. This has been found to be 

effective as an adsorbent of different pollutants in air, soil and aquatic environments. 

Depending on technique, temperature and duration of the formation process the biochar, as 

well as the starting material, it contains different functional groups hence it adsorbs different 

contaminants [5]. Biochar is a cheaper alternative to AC, thus a larger market can access the 

adsorption material. For example, cleaning of contaminated water in developing countries is 

possible on a smaller budget. 

Aim 
The aim of this project is to compare the adsorption of a selection of organic and 

inorganic compounds on biochar, made from horse manure, and AC. Also to examine the 

influence of dissolved organic matter on adsorption of these contaminants.  

Background 
One of the largest issues in the environment today is the high amount of metals 

found in aquatic environments. These cause toxicity to aquatic organisms as well as 

contaminating drinking water. Many techniques to treat these contaminations have been 

performed, although it has been found that adsorption is the cheapest and most efficient 

technique [2]. Biochars has been observed as an efficient adsorbent for some heavy metals, 

such as arsenic (As). Other heavy metals, such as copper, have been observed to be in a less 



	 3	

available state when biochar is present [4]. The efficiency of biochars as an adsorbent of 

heavy metals has been found to be pH dependent, for example at low pH the mobility of 

copper is decreased. Furthermore, the concentration of the inorganic contaminant in solution 

affects the adsorbance efficiency since the surface becomes saturated, thus at high 

concentrations the mobility of the contaminants increases [7]. One of the most common 

inorganic pollutants found in aquatic environments is mercury (Hg), which is highly toxic 

since it causes damage to the central nervous system. To minimize the damage from Hg in 

aquatic environments one use adsorption to keep it bio-inaccessible, usually AC is the 

technique used, however biochar is a cheaper, though less efficient, alternative [8]. 

Adsorption is also efficient in removal of organic micro-pollutants such as 

pharmaceuticals and personal care products, this is usually preformed using AC [16]. It has 

been observed that adsorption of nonpolar hydrophobic and/or negatively charged 

contaminants, such as diclofenac is temperature and pH dependent [10]. The adsorption of 

personal care products, such as triclosan, has been found to be dependent on several factors, 

such as pH and temperature. Hence if the contamination has occurred in fresh water or salt 

water the efficiency of the AC will be affected [18]. 

Phthalates is a group of synthetic molecules that has a similar function in the 

human body as the hormone oestrogen. It has been found that these kinds of contaminants 

have a negative effect on reproduction organs in males and have a carcinogenic effect [11]. 

Phthalates contamination is a large problem because of its use in a wide range of industries. 

There are many methods to adsorb phthalates from aqueous solution and one of them is the 

usage of AC [12]. 

Perfluorocarboxylic acids are a group of compounds that are highly toxic. It has 

been proven to be difficult to treat aquatic environments contaminated with conventional 

methods, however adsorption on AC has been found as an adequate method [19]. 

Perfluorooctanoic acid, PFOA, and perfluorooctanesulfonic acid, PFOS, is considered very 

important contaminants to examine. This since PFOA and PFOS are used in a wide rage of 

products, such as fire retardants and lubricants. Perflourocarboxylic acids are chemically 

stable and thus persistent in the environment [17].  

Organophosphates is present in many fertilizers used in agricultural purposes, 

hence these compounds might end up in the surrounding aquatic environments and create 

problems. To prevent elevated concentrations of organophosphates in waterways and surface 

water one can use biochar to adsorb the excess. Usually biochar containing a cation of metal 

hydroxide are used to adsorb these organophosphates, these are efficient because of the 
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charges of the surface ions of the biochar [9]. To optimize yield in agricultural industries 

compounds categorized as pesticides are used, atrazine and glyphosate are examples. For the 

pesticides to have this effect they are often toxic to living organisms, thus aquatic 

contamination is problematic. To treat contaminated water for pesticides AC is used. [14, 15] 

Dissolved organic matter (DOM) is a heterogeneous complex made up of a 

variety of organic compounds with hydrophilic and hydrophobic fractions [1, 6]. The 

presence of DOM in aquatic environments can increase the oxidation rate of inorganic 

compounds causing ionization of metals. Organic matter originating from plants or the 

microbiota is called humic material and the dissolved fraction fulvic acid, a highly oxidized 

carbon compound that works as a proton acceptor in water solutions. Fulvic acid reacts with 

metals in the solution to form covalent and ionic bonds. Also, structural changes to both 

organic and inorganic compounds can occur because of the presence of fulvic acid [20]. 

	
Figure 1 – Chemical structures of a) diclofenac b) triclosan c) diphenyl phosphate d) TBEP e) PFOA f) PFOS g) 

atrazine h) glyphosate i) diphenyl phthalate and j) fulvic acid. 

In an adsorption system the relation between concentration of compound and the 

amount adsorbed is of interest. This can be commonly examined using Freundlich and 

Langmuir theories, the equations for these can be found in table 1 [3].  
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Table 1 – Freundlich and Langmuir equations. 
Freundlich equation Langmuir equation 

𝑞 = 𝐾!𝐶!"
!
! , 

Linear form of equation 

 log 𝑞 = log𝐾! +
!
!
log 𝑐!" 

𝑞 = 𝑞!"#
𝐾!𝐶!!

1+ 𝐾!𝐶!"
 

𝑞 = 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦, 𝐶!" = 𝑒𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛, 

𝐾!  & 𝑛 = 𝐹𝑟𝑒𝑢𝑛𝑑𝑙𝑖𝑐ℎ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠, 𝐾! = 𝐿𝑎𝑛𝑔𝑚𝑢𝑖𝑟 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 𝑞!"# = 𝑚𝑎𝑥𝑖𝑚𝑎𝑙 𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 [3] 

 

The Langmuir theory is based on the assumption that the adsorbent has a 

specific number of binding sites in monolayer adsorption, hence when these are filled no 

more adsorption can occur. This is a good method to examining the efficiency of adsorption 

materials on specific contaminants. According to the Freundlich theory the adsorption gets 

more difficult throughout the adsorption process, hence the surface adsorption sites are not 

equal and several layers of adsorption can occur on the surface. This is very useful on low 

concentration solutions of small compounds [20]. From the Langmuir and Freundlich 

equations non-linear regressions can be found and the equilibrium capacity of adsorption of 

the compound can be observed, meaning the efficiency of the adsorbent. Using this the 

adsorption constants KF and n can be calculated and the values considered. A small n value 

indicates a stronger intensity of adsorption, while a higher value of KF means a higher 

adsorption capacity [13]. 

Method 

Adsorbents		
50.0g of activated carbon (AquaSorb 2000) were weighed and washed using 

deionized water. Vacuum filtering with deionized water was used to wash 24.6g biochar made 

from horse manure (230°C, 17h). The solid precipitate was then mixed in 0.1 M hydrochloric 

acid and left for one hour. Using a vacuum filtering the biochar was separated from the 

aqueous solution. Following this, biochar was washed with deionized water until neutral pH 

was reached. The solid biochar was separated from the solvent by vacuum filtration. The 

excess water was poured off leaving semidry, clean adsorbents in vacuum freezer. 
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Heavy metals analysis by inductively coupled plasma mass spectrometry (ICP-

MS) 
1 mL of each 1000 µg/mL stock solution of Cu, Hg, Cr, Cd, Zn and As was 

transferred to 50 mL tube and diluted to a final concentration of 0.1 mg/mL dissolved with 

MilliQ water to prepare spiking solution. According to Table 2 corresponded amounts of 

spiking solution were transferred to seven separate 15 mL tubes and diluted to final 

concentrations. Internal standard of indium with concentration of 15 µg/mL and nitric acid 

5% were added to each sample.   

 
Table 2 – Samples prepared for ICP-MS and LC-MS. 

Concentration of 

0.1µg/mL solution, % 

Final concentration, 

µg/mL 

10 0.01 

20 0.02 

40 0.04 

60 0.06 

80 0.08 

100 0.1 

120 0.12 

 

The concentrations of heavy metals in the samples were examined with ICP-MS 

using an Elan DRC-e ICP-MS (Perkin Elmer Sciex) instrument with an S10 autosampler 

(Perkin Elmer). The samples were introduced via a PFA-ST micro-nebulizer (Elemental 

Scientific Inc.) and a cooled (4 °C) quartz cyclonic spray chamber (Elemental Scientific Inc.). 

A quartz micro injector tube (1 mm I.D., Perkin Elmer) was used in combination with Pt 

cones. The instrument was regularly optimized using a multi-element standard solution. 
Table 3 – ICP-MS analysis parameters. 

CPR F power Plasma gas 

flow 

Nebulizer 

gas flow 

Auxiliary gas 

flow 

Lens voltage 

1300 V 15 L/min 0.6 L/min 1.2 L/min 10.5 V 

	



	 7	

Liquid Chromatography mass spectrometry (LC-MS) 
Table 4 – Organic compounds chosen for examination because of their negative impact and 

abundance in aquatic environments. 

Pharmaceuticals Trimetoprim 
 Fluconazole 
 Diclofenac 
 Hydrochlorothiazide 
 Ranitidine 
 Valsartan 
 Ampicillin 
 Atorvastatin 
 Gentamicin 
 Caffeine 
 Chloramphenicol 
 Ciprofloxacin 

Personal care 
products 

Triclosan 

 Octocrylene 
 Benzophenone 
 Galaxolide 
 α-tocopheryl acetate 

Phthalates Diphenyl phthalate 
 Diisopropyl phthalate	

Surfactants 4-octylphenol 
 4-nonylphenol 
 Sodium 4-n-dodecylbenzene sulfonate 

Pesticides Atrazine 
 Glyphosate 

Organophosphates Tris-butoxyethyl phosphate (TBEP) 
 Diphenyl phosphate 
 Tris(2-chloroethyl) phosphate (TCEP) 

Other organics Perfluorooctanoic acid (PFOA) 
 Perfluorooctanesulfonic acid (PFOS) 
 Bisphenol A 

 

Calibration solutions were prepared. 10mg of each organic compound found in 

table 4 was mixed, dissolved and diluted to a final concentration of 0.1 mg/mL in methanol. 

According to table 2 the solution was diluted with milliQ water to the final concentrations in 

1.5 mL vials. In one of the 0.1 µg/mL solutions, fulvic acid was added to a final concentration 

of 2 mg/mL. 

Agilent 1290 Infinity binary pump, multisampler and thermostated column 

compartment (Agilent Technologies, Santa Clara, CA, USA) preformed the liquid 

chromatography part. Measurement of the samples were carried out on a Kinetex C18 column 
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(150*2.1mm, 2.6µm particle size, Phenomenex, Aschaffenburg, Germany) with milliQ water 

containing 0.1% formic acid, for positive mode, (solvent A) and methanol containing 0.1% 

formic acid, for positive mode, (solvent B) as mobile phase. The flow was 0.5 ml/min and a 

linear gradient was applied, starting with 10 % B increasing to 95%B in 50 minutes and held 

for 10 minutes, followed by 5 minutes of re-equilibration of the column to the starting 

conditions. One µL of the sample was injected. The QTOF measurements were performed 

with an Agilent 6560 IM-Qtof instrument, equipped with an electrospray source (ESI). The 

mass range (m/z) used was 50-1700, and the system was run in both positive and negative 

mode. Mass Hunter Data Acquisition software (Agilent Technologies, Santa Clara, CA, USA) 

controlled the LC-MS system. The data treatment was performed with Mass Hunter 

qualitative analysis software (Agilent Technologies, Santa Clara, CA, USA). A library was 

created and contained the spiked compounds, their formula and an exact mass. A formula 

search enabled to “extract” the compounds from the chromatogram with the corresponding 

peak area. Internal standards (deuterated compounds) of dibuthylphthalate, 

diphenylphosphate, bisphenol A, ciprofloxacin and ibuprofen with concentration 0.1 µg/mL 

were used to normalize concentrations. 

 

Adsorption on Activated Carbon and Biochar 
Four adsorption experiments was preformed, two with activated carbon as 

adsorbent and two with biochar, one of the two experiments was done with pure water 

solution of compounds and the other with an addition of fulvic acid.  

Four flasks with 0.1µg/mL solution with inorganic compounds (Cu, Hg, Cr, Cd, 

Zn and As) and organic compounds (table 4) in milliQ water with a pH of 7 were prepared. In 

two of these 10µg/mL fulvic acid was added. 16 E-flasks (250mL) with activated carbon, AC, 

(0.05g, 0.1g, 0.2g, 0.3g, 0.4g, 0.6g, 0.8g and 1g) was prepared, two replicates of each solution 

was prepared, alternatively same amount of biochar. To each E-flask 100mL 0.1µg/mL 

contaminant solution was added, the flasks were shaked overnight. For LC-MS analysis 

1.5mL of each solution as well as starting material (0.1µg/mL solution) was collected.  

For ICP-MS 15mL of each solution and starting solution was collected, nitric acid was added 

to a final concentration of 5%. A blank as well as calibration solutions was also prepared for 

ICP-MS. 
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Results and discussion 

Adsorption of inorganic compounds 
 The equilibrium capacity of the adsorption of the inorganic compounds was 

calculated according to 

𝑞 =
𝑐!"!#!$% − 𝑐!" ∗ 𝑉

𝑚  

where cinitial (µg/mL) is the concentration of untreated solution, ceq the concentration of treated 

solution, v is the volume of solution and m the mass of adsorbent.  

By plotting the log q – values versus the log ceq – values, a linear relation could be found, as 

can be observed for heavy metals on Figures 2-5.  

 

Figure 2 – Isotherm of mercury adsorption in coordinates of linearized Freundlich equation. Treated with AC a) 

water solution, b) fulvic acid solution and treated with biochar c) water solution, d) fulvic acid solution. 

Figure 2 show isotherm of mercury and in the same way the linear relation was 

found for some of the other inorganic compounds, while some of the inorganics did not show 

this pattern. From figure 3 the regression of chromium can be observed. Figure 4 shows the 

relationship between adsorption and concentration of copper. In figure 5 the relationships 

found for cadmium can be observed and in figure 6 the regressions for Zinc are found. 
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Figure 3 – Isotherm of chromium adsorption in coordinates of linearized Freundlich equation. Treated with AC 

a) water solution, b) fulvic acid solution and treated with biochar c) water solution, d) fulvic acid solution. 

 
Figure 4 – Isotherm of copper adsorption in coordinates of linearized Freundlich equation. Treated with AC a) 

water solution, b) fulvic acid solution and treated with biochar c) water solution, d) fulvic acid solution. 



	 11	

 
Figure 5 – Isotherm of cadmium adsorption in coordinates of linearized Freundlich equation. Treated with AC 

a) water solution, b) fulvic acid solution. 

 

Figure 6 – Isotherm of zinc adsorption in coordinates of linearized Freundlich equation. Treated with AC a) 

water solution, b) fulvic acid solution and treated with biochar c) water solution, d) fulvic acid solution. 

The equations for the linear regressions (y = ax+b) could be matched with 

Freundlich equation, log 𝑞 = log𝐾! +
!
!
log 𝑐!". Where y = log q and x = log ceq, thus a = 

(1/n) and b = log KF and this was used to calculate adsorption constants KF and n, as well as 

correlation coefficient R. In table 5 these values can be found, as can be observed some 

metals did not show linearity and thus no values could be calculated. Results of Freundlich 

equation are presented in Table 5. 
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Table 5 – Adsorption Freundlich equation coefficients as well as correlation coefficient of 

theses relations.  

 Cr Cu Zn As Cd Hg 

 Activated Carbon 

- Water Solution 

     

KF 28074 35.43 - - 52.05 17.88 

n -0.234 1.058 - - 0.488 0.843 

R 0.960 0.781 - - 0.906 0.946 

 Activated Carbon 

- Fulvic Acid Solution 

     

KF 1.7*10-4 0.204 9.8*10-9 - 2.101 3.998 

n 0.470 0.971 0.223 - 1.104 1.540 

R 0.276 0.554 0.782 - 0.765 0.793 

 Biochar 

- Water Solution 

     

KF 9.6*10-10 8.4*10-3 - - - 7.9*10-14 

n 0.412 1.161 - - - 0.196 

R 0.946 0.834 - - - 0.851 

 Biochar 

- Fulvic Acid Solution 

     

KF 1.2*10-3 3.0*10-3 - - - 4.3*10-23 

n 1.283 1.140 - - - 0.196 

R 0.826 0.992 - - - 0.985 

 

The correlation coefficient for isotherms of chromium adsorption on biochar, as 

well as on AC in water solution, was close to one, as can be seen in table 5. The adsorption 

coefficient n was smaller than one in all solutions except biochar adsorption of fulvic acid 

solution. KF was largest on AC adsorbed water solution and smallest on biochar adsorbed 

water solution. This shows that AC is more efficient for adsorption of chromium than biochar.  

Isotherms of copper adsorption followed a linear pattern in all cases, as seen in 

figure 4. It can also be observed that in the presence of fulvic acid the correlation was larger 

when adsorption on biochar was done, this could indicate that biochar was more efficient here 

than in pure solution. From table 5 it can be observed that R-values for copper are rather good 
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in all solutions, except fulvic acid solution adsorbed on AC where it is very low. Furthermore, 

the adsorption coefficient n is larger than one in all solutions except for fulvic acid solution 

adsorbed on AC, this could be an indication that the fulvic acid increases adsorption of copper 

from the solution. The maximum capacity is higher for AC than for biochar. Also, the 

presence of fulvic acid gives a smaller maximum capacity.  

From figure 6 it can be observed that Zinc showed linearity only in case of 

adsorption from the solutions with fulvic acid treated with activated carbon, but this 

regression has a correlation coefficient that is good enough to consider. Zinc had low n and 

KF values thus adsorption is favoured but the maximum capacity is low so only a small 

amount binds to the adsorbent.  

Arsenic did not show linearity at all, thus this could not be examined in this 

way. This due to the fact that arsenic was not adsorbed on the AC and biochar. 

Cadmium showed linearity when the solutions were treated with activated 

carbon. When fulvic acid was present in the solution the correlation coefficient was rather low 

and the n-value higher than one, thus the adsorption intensity was low. While in water 

solution the R-value was close to one and the n-value lower than one. The KF was also higher 

for water solution than in presence of fulvic acid, it can thus be assumed that the fulvic acid 

decreased adsorption of Cd on AC. 

The metal that gave the most consistent result for linearity was mercury, which 

according to table 5 had a correlation coefficient close to one in all cases. The intensity of 

adsorption is higher on biochar when screening for mercury and the n value was under one in 

all cases except when AC was used as an adsorbent on fulvic acid solution. KF was highest 

when AC was used as an adsorbent and the presence of fulvic acid which decreases the 

maximum adsorption capacity. It was thus found that AC could adsorb a larger amount of 

metal than biochar though the efficiency of adsorption was similar on the two adsorbents.  

Activated carbon is proven to be more efficient as an adsorbent than biochar. 

AC has a higher surface area; hence it is more porous and can thus have more interactions 

with contaminants than biochar. Considering adsorption per surface area, it can be observed 

that biochar is a good adsorbent. This can be concluded from the observation of n values that 

indicate a high intensity of adsorption, coupled with KF values showing a maximum capacity 

of the adsorbent lower in biochar than on AC. The presence of fulvic acid makes the 

availability of adsorbent for the metal smaller. This is due to the fact that when fulvic acid is 

present the solution the heavy metals form complexes with fractions of the fulvic acid. These 
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complexes are larger than the free metals and thus they cannot fit into the pores of the 

adsorbent in an as efficient way. 

 

Adsorption of organic compounds 
 From the LC-MS analysis of organic pollutants results the relative concentration 

of organic compounds in the different samples can be observed. In the starting solutions the 

organic compounds found in table 4 was found. Figure 7 shows the change in concentration of 

water samples treated with activated carbon.  

 

 
Figure 7 – Water samples treated with activated carbon and the starting material.  

The organic compounds found in figure 7 are those found in other samples than 

the starting material. α-Tocopheryl acetate and 4-Octylphenol shows an increase in 

concentration when AC was added and then a decrease when a larger amount AC was used. It 

can be observed that the concentration of Tris(2-chloroethyl) phosphate, TBEP, decreases 

when activated carbon is added as adsorbent. Concentrations of these compounds decreased 

to below the detection limit when more than 0.1g of AC was added. From figure 7 it can be 

observed that concentrations of 4-nonylphenol and Bisphenol A was at a constantly low level 

throughout the sorption experiment.  

Figure 8 shows the change of concentration in the samples containing fulvic 

acid and organic compounds, and treated with activated carbon.  
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Figure 8 – Water samples containing fulvic acid treated with activated carbon and the starting material.  

In figure 8 it can be seen that when fulvic acid was present during the adsorption 

on activated carbon other organic compounds was present after adsorption. Perfluorooctanoic 

acid, PFOA, and Fluconazole is observed to decrease much in concentration when AC was 

added and then the concentration appears to be under the detection limit. It can also be 

observed that α-tocopheryl acetate and diisopropyl phthalate had a similar decrease, although 

starting at a lower concentration and remaining at a low concentration but still over the 

detection limit throughout the sorption experiment. As in the figure 7, here 4-nolylphenol and 

Bisphenol A show consistently low concentrations throughout the series and here also 

Valsartan.  

When activated carbon was used for adsorption of both water solution and 

solution containing fulvic acid, the concentrations decreased rapidly and most of the 

examined compounds did not appear on the LC-MS after treatment, thus it can be assumed 

that the concentrations was lower than the detection limit and the adsorption was successful. 

The 4-Nonylphenol and Bisphenol A, as well as Valsartan in fulvic acid solution, did not 

show any significant change of concentration between the samples. This can be due to the fact 

that the internal standards did not fit the compounds in a sufficient way and the analytical 

method was thus not ideal, or because no adsorption occurred at all, or most likely a 

combination of the two. Tris(2-chloroethyl) phosphate, TBEP, appear to need a higher 

amount of activated carbon to be adsorbed in water solution, though at higher amounts of AC 

0 

10 

20 

30 

40 

50 

0 0.05 0.1 0.2 0.3 0.4 0.6 0.8 1.0 

C
on

ce
nt

ra
io

n,
 c

eq
 

Mass AC, g 

Activated Carbon - Fulvic Acid 

Diisopropyl phthalate 

Fluconazole 

α-Tocophyeryl acetate 

4-octylphenol 

Bisphenol A 

PFOA 

Valsartan 



	 16	

the concentration of TBEP was not detected and thus most likely was under the detection 

limit. When fulvic acid was present PFOA and Fluconazole showed a rapid decrease from 

staring material to adsorb with AC, which can be observed as very efficient adsorption on the 

AC of these compounds.  

From figure 9 the results of the experiment using biochar on water samples can 

be found.  

 
	
Figure 9 – Water samples treated with biochar and the starting material.  

 Figure 9 shows that a larger amount of compounds was still present after 

adsorption with biochar compared to activated carbon treatment. It can also be observed that 

TCEP increases in concentration when the biochar was added as well as dropping in 

concentration in the 0.4 g biochar sample. According to figure 9 atrazine was present in very 

high concentration in starting solution and concentration decreased rapidly when biochar was 

added and similar concentration was seen after adsorption. The other compounds show a 
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slight decrease when biochar was added and then a consistent concentration level throughout 

the experiment.  

In figure 10 the results from adsorption on biochar of solutions containing fulvic 

acid can be found. 

 
Figure 10 – Water samples with fulvic acid treated with biochar and the starting material.  

 A similar pattern to that of biochar in water can be observed in figure 10, a large 

amount of organic compounds are present after adsorption and most at a constant 

concentration level after a slight decrease after biochar addition. The concentrations were 

higher than in the other experimental set-ups. TCEP, shows slight decrease of concentration 

when biochar has been added in lower amounts and when 0.6 g and 1 g biochar was used the 

concentration of TCEP was higher than the starting material. Also Triclosan and Tris-

butoxyethyl phosphate, TBEP, had a high concentration in starting material and decreased 

rapidly when biochar was added and then remained constantly low throughout the 

experiment. 
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 It appears that the adsorption on biochar was less efficient than that of activated 

carbon, this can be observed by the higher concentrations of organic compounds in the 

solutions collected after adsorption. The majority of the examined organic compounds 

showed decrease in concentration when biochar was added, though were still present in the 

treated solutions. When the fulvic acid was present the decrease in concentration after 

adsorption was not as big, thus it can be assumed that the fulvic acid prevented the adsorption 

of these organics from occurring as efficiently. From the results of biochar adsorption of 

TBEP it can be observed that the concentration increased both in presence of fulvic acid and 

without, this could be explained in two ways. The first one is that the internal standard used in 

the LC-MS was not a good match for the compound, thus the results are not an accurate 

representation of reality. The second reason would be that because TBEP is an 

organophosphate, which is used for many agricultural purposes and since the biochar was 

made from horse manure, could hence be present in the biochar itself and when added it is 

released from it and the solution gets an access of the TBEP. 

Using the concentrations from LC-MS analysis adsorption capacity, q, could be 

calculated with the equation previously mentioned and from this a linear relationship by 

plotting log q versus log ceq. Only one of the examined organic compounds (table 3) showed a 

linear pattern, Tris-butoxyethyl phosphate (TBEP), and this only when adsorption occurred 

with biochar, this can be seen in figure 11. 

	
Figure 11 – Isotherm of TBEP (Tris-butoxyethyl phosphate) adsorption in coordinates of linearized Freundlich 

equation. Adsorption was preformed of a) water solution and b) solution containing fulvic acid on biochar. 

From the linear relationship found in figure 9 adsorption constants KF and n, as 

well as correlation coefficient, R, was calculated. These are found in table 6. 
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Table 6 – Adsorption constants of Tris-butoxyethyl phosphate (TBEP) on biochar showing 

linearity when plotting log q versus log ceq, as well as the correlation coefficients.  

 Water solution Fulvic acid solution 

KF 1.048 7.764 

n 0.571 0.667 

R 0.837 0.790 

 

In table 6 the correlation coefficients for TBEP on biochar can be found, these 

show that these relations are adequate and thus can be considered. It can also be observed that 

the maximum capacity, observed from KF, of the biochar was larger in the presence of fulvic 

acid. Also, the intensity of adsorption of both solutions were n<1. From the adsorption 

constants it can be seen that the adsorption of TBEP was more efficient when fulvic acid was 

present. This could mean that fulvic acid changes the accessibility of the TBCP for the 

biochar. 

Conclusions 
To conclude it can be said that for organic and inorganic compounds the 

adsorption on activated carbon is in general much more efficient than on biochar. It can also 

be observed that in presence of fulvic acid adsorption of heavy metals, as well as organic 

compounds, is less efficient on both biochar and activated carbon. Thus the overall most 

effective adsorption occurred on activated carbon in pure water solution.  

However, when taking the surface area of biochar and activated carbon into 

consideration, it can be observed that biochar has similar adsorption intensity to activated 

carbon. While the maximum capacity to adsorb is much higher on activated carbon compared 

to biochar. Thus biochar can be considered an efficient adsorbent, although a larger amount is 

needed to adsorb the same amount of contaminants. Since biochar is much cheaper and easier 

to produce than activated carbon this is a good alternative, for example in developing 

countries with limited funds.  
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