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Abstract 
Water pollution is a widespread issue around the world, being most serious in developing 

countries, mostly due to insufficient access to sanitation services. In this project, one possible 

way of treating polluted water is examined. The aim is to test how efficient biochars of 

different materials can remove micropollutants from wastewater. Wastewater effluents from 

Morocco and South Africa were treated with biochars made from olive, tomato, rice and 

Raphia farinifera through torrefaction. The materials from which the biochars were made 

were chosen because of their accessibility in Morocco and South Africa. 100 micropollutants 

were screened for, and all samples were analysed using reversed phase LC-MS/MS. From the 

100 micropollutants that where screened for, 17 were found in the Moroccan wastewater and 

25 were found in the South African wastewater. The results indicated that the char made out 

of olive had the best ability in adsorbing the pollutants in general. The kinetic and isotherm 

results indicated that the micropollutants were adsorbed in monolayer through chemisorption 

by the olive char.   
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Introduction 
Billions of people around the world lack access to safe water. The problem is widespread, but 

most severe in developing countries. This is mostly due to lack of access to sanitation 

services in those areas (Massoud et al., 2009). Problems associated with contaminated 

drinking water is for example the spread of diseases, which could be prevented or at least 

minimized by satisfactory treatment of the drinking water (Schwarzenbach, 2006). 

 

One possible approach of reducing water related problems is by finding rather easy and cheap 

ways of treating wastewaters (Massoud et al., 2009). Problems with untreated wastewaters 

arise if the wastewater propagates into lakes and rivers, thus polluting sources of drinking 

water (Kivaisi, 2001).  Finding fairly easy solutions that can help purify the wastewater is an 

area of research in which the interest has increased a great deal the past years. One common 

pollutant in wastewaters is micropollutants.  

 

Micropollutants are compounds that exist in small quantities, usually ng/L to µg/L. They are 

organic compounds, either of natural or anthropogenic origin, and can generally be divided 

into six different categories: pesticides, personal care products, pharmaceuticals, industrial 

products, steroid hormones and surfactants. These compounds can end up in water systems 

via for example runoff from roads, agricultural fields and households. Thus, posing a risk for 

humans, animals and plants. Uptake of micropollutants could for example lead to antibiotic 

resistance, disruption of blood cells, and disruption of endocrine systems (Luo et al., 2014; 

Wanda et al., 2017).  

 

Biochars have been found to be a good absorbent of pollutants in water and in the air. This is 

due to the porous structure, large specific surface area, mineral components and the 

functional groups at the surface of the biochar (Cha et al., 2016).  

 

In this project, the adsorption of micropollutants in wastewaters from South Africa and 

Morocco using biochar is examined. The biochars are made from	olive, tomato, rice husk, 

and raphia farinifera, and are accessible in the studied countries. In this project 100 

micropollutants, mainly pharmaceuticals and personal care products, are screened for.  
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Aim 
The aim of this project is to examine how efficient biochars of different materials can remove 

micropollutants from wastewater. The objectives are to answer the following questions: What 

type of biochar is the most effective adsorbent? Which biochar adsorb which micropollutant 

the best? What is the underlying mechanism behind the adsorption? 

 

Background 

Adsorption 
Biochar is a carbon rich compound that is obtained when biomass or biological waste 

materials, such as manure or wood, are heated at very high temperatures and with very little 

or no oxygen available (Ahmad et al., 2014). The main element of biochar is carbon but it can 

also contain oxygen, nitrogen, hydrogen, and sulphur. The composition of the biochar varies 

depending on the feedstock, and the conditions under which it was produced.  

 

Biochar can be produced in different ways. One is with a process called torrefaction, which is 

a process where oxygen, carbon dioxide and moisture are withdrawn from the biomass as the 

temperature is slowly increased between 200°C- 300°C. This process lowers the O/C ratio, 

and gives a hydrophobic product (Cha et al., 2016; Tan et al., 2015).  

 

The adsorption efficiency of biochar is mainly affected by pH, concentration of the 

adsorbent, temperature, interfering ions and the properties of the biochar, which in turn are 

affected by the residence time, the thermochemical process and the biomass material. The 

dependence on pH is due to the functional groups on the surface, which is protonated / 

deprotonated at different extents with different pH values. The adsorption process is an 

endothermic process, and thus raising the temperature results in an increased adsorption 

capacity (Tan et al., 2015). 

 

The interaction between the adsorbate and the adsorbent can be described in terms of 

adsorption isotherm, which is the variation of the surface coverage with pressure at a certain 

temperature (Atkins and De Paula, 2014). There are two main models to describe adsorption 

isotherms, Langmuir and Freundlich model (Tan et al., 2015). In the Langmuir model the 
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assumption is made that the adsorbent contains a certain number of sites at which the 

adsorbate can bind. The adsorption is assumed to be in only one layer, and the probability for 

adsorption is equal for all sites. Hence, when all sites are occupied, the maximum adsorption 

capacity is reached. On the other hand, the Freundlich model does not assume that all binding 

sites are equal. Rather, adsorption becomes more and more difficult, the more binding sites 

already occupied. Also, it assumes that multi-layer adsorption is possible (van Loon and 

Duffy, 2011).   

 

LC-MS/MS analysis of wastewater samples 
The method used in this project is liquid chromatography coupled with mass spectrometry, 

also known as LC-MS/MS. Mass spectrometry is used in chromatography as a detector, 

giving both a qualitative and quantitative analysis. Liquid chromatography is used for non-

volatile organic compounds and is a technique with high efficiency and sensitivity. Packed 

columns are used, and the efficiency increases with decreasing size of the particles in the 

stationary phase. The most common stationary phase in normal-phase chromatography is 

silica. Silica is polar, and thus a non-polar solvent is used to elute the sample. Another 

common stationary phase is octadecyl (C18), giving a non-polar stationary phase and a polar 

solvent is then used. This is called reversed-phase chromatography and is used to separate 

hydrophobic compounds (Harris, 2010).  

 

When preforming bioanalysis, sensitive and precise methods are important. For this purpose, 

on-line solid phase extraction liquid chromatography, on-line SPE-LC, is a good method to 

use. It allows for analyses of very small quantities, resulting in better sensitivity. Also, it is 

automatable, thus reducing the possibility of human errors. Reversed column are most often 

used, with a weaker stationary phase in the SPE column (C8) compared to the LC column 

(C18). This reduces peak tailing and band broadening (Rogeberg et al., 2014). Band 

broadening is the increase of the peak bandwidth. The problem with band broadening is that 

the time it takes for the analyte to arrive at the detector could vary between runs. Peak tailing 

occurs when small quantities are retained longer on the column, and therefore eluted later. 

This gives the main peak a “tail” of decreasing concentration of the analyte (Harris, 2010).  

 

The detector used in the LC-MS/MS analyses in these experiments is a triple quadruple mass 

analyser. It consists of three quadruples. The first one filters a specific m/z ratio, the second 
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one turns the ions into fragments, and the third quadruple selects for specific fragments of the 

ion of interest (Lange et al., 2008). 
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Method 

LC-MS/MS analysis of wastewater samples 
All samples, except the real wastewater effluents, were centrifuged with a VWR Mega Star 

1.6R centrifuge, before being filtered though a 0.45 µm sterile filter, Filtopour S 0.45 

(Sarstedt). After filtration the samples were prepared for LC/MS-MS analysis by adding 10 

µl 0.1% formic acid and 50 µL 100 ng/ml internal standard to 10 ml supernatant. Calibration 

curves were prepared by analysing 9 dilutions of 100 micropollutants ranging form 0-10 

ng/mL. This was done by mixing a 5µg/ml solution of 100 micropollutants with MeOH, to a 

total volume of 1 ml.  Internal standard and formic acid were added, as mentioned above, 

together with 10 mL milli-Q water. The LC/MS-MS analyses were followed by data 

processing and quantification.  

 

The LC/MS-MS system used for all analyses was a Thermo Scientific Dionex Ultimate 3000 

coupled to a Thermo Scientific TSQ Quantiva mass spectrometer. The eluents used for LC 

were water with 0.1% formic acid, and acetonitrile with 0.1% formic acid. The column used 

was a C18-column, Thermo Scientific Hypersil Gold 50x2.1 mm, with a particle size of 1.9 

mm. A 3 µm pre-column was also used. The flow rate was set to 0.200 ml/min, and 1 ml of 

each sample was injected.  

Adsorption experiments  
Biochars from olive residues, tomato residues, rice husk residues, and raphia farinifera (an 

African palm tree), produced by torrefaction at 360°C for 3 hours, were used for all 

adsorption experiments except the kinetic experiments where only biochar made from olive 

was used. In the isotherm experiments one additional char was used, made from banana peel.   

 

For the kinetic and isotherm experiments, an effluent from a Swedish wastewater treatment 

plant was used, this because of the limited amount of wastewater effluents from Morocco and 

South Africa. In attempting to make the matrix as similar to the African wastewater as 

possible, the Swedish wastewater was chosen instead of regular tap water, or milli-Q water.   

Adsorption kinetics 
30 ml Swedish wastewater, spiked with 10 ng/ml of each analyte, were added to 300 mg 

biochar. The samples were shaken for 0, 3, 7, 10, 30, 60, or 360 minutes, before being 
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centrifuged, filtered and prepared for analysis, as described earlier. Duplicates for each time 

point was prepared, see table 1. 
Table 1- The kinetic samples were prepared accordingly 

Number	 Char	 Concentration	(ng/ml)	 Time	(min)	

1	 Olive	 10	 0		
2	 Olive	 10	 0		
3	 Olive	 10	 3	
4	 Olive	 10	 3	
5	 Olive	 10	 7	
6	 Olive	 10	 7	
7	 Olive	 10	 10		
8	 Olive	 10	 10		
9	 Olive	 10	 30		

10	 Olive	 10	 30		
11	 Olive	 10	 60		
12	 Olive	 10	 60		
13	 Olive	 10	 360		
14	 Olive	 10	 360	

 

Adsorption isotherms 
300 mg biochar were added to the Swedish wastewater with concentrations ranging from 0-

30 ng/ml of each analyte. The samples were shaken for 24 hours before being centrifuged, 

filtered and prepared for analysis. Duplicates of each sample were prepared, see table 2. 

  



 

 10 

 
Table 2- The isotherm samples were prepared accordingly. 

Number	 Char	 Concentration	
(ng/ml)	

Number	 Char	 Concentration	
(ng/ml)	

1	 Olive	 0	 36	 Rice	 15	
2	 Olive	 0	 37	 Rice	 20	
3	 Olive	 5	 38	 Rice	 20	
4	 Olive	 5	 39	 Rice	 25	
5	 Olive	 10	 40	 Rice	 25	
6	 Olive	 10	 41	 Rice	 30	
7	 Olive	 15	 42	 Rice	 30	
8	 Olive	 15	 43	 Rf	 0	
9	 Olive	 20	 44	 Rf	 0	
10	 Olive	 20	 45	 Rf	 5	
11	 Olive	 25	 46	 Rf	 5	
12	 Olive	 25	 47	 Rf	 10	
13	 Olive	 30	 48	 Rf	 10	
14	 Olive	 30	 49	 Rf	 15	
15	 Tomato	 0	 50	 Rf	 15	
16	 Tomato	 0	 51	 Rf	 20	
17	 Tomato	 5	 52	 Rf	 20	
18	 Tomato	 5	 53	 Rf	 25	
19	 Tomato	 10	 54	 Rf	 25	
20	 Tomato	 10	 55	 Rf	 30	
21	 Tomato	 15	 56	 Rf	 30	
22	 Tomato	 15	 57	 Banana	 0	
23	 Tomato	 20	 58	 Banana	 0	
24	 Tomato	 20	 59	 Banana	 5	
25	 Tomato	 25	 60	 Banana	 5	
26	 Tomato	 25	 61	 Banana	 10	
27	 Tomato	 30	 62	 Banana	 10	
28	 Tomato	 30	 63	 Banana	 15	
29	 Rice	 0	 64	 Banana	 15	
30	 Rice	 0	 65	 Banana	 20	
31	 Rice	 5	 66	 Banana	 20	
32	 Rice	 5	 67	 Banana	 25	
33	 Rice	 10	 68	 Banana	 25	
34	 Rice	 10	 69	 Banana	 30	
35	 Rice	 15	 70	 Banana	 30	
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Real wastewater effluents 
For the samples containing wastewater from Morocco, equal amounts of rural wastewater and 

urban wastewater were mixed. For the South African water, different wastewaters from an 

urban settlement were mixed in equal amounts.  

 

300 mg of biochar was added to 30 ml of wastewater. Each biochar was added to wastewater 

from either Morocco or South Africa. Triplicates of each sample were prepared. As blanks, 

also, samples containing biochar and milli-Q water, or just wastewater without any biochar 

were prepared, see table 3. All samples were shaken for 24 hours before centrifugation.  
Table 3- The real wastewater effluent samples were prepared accordingly. 

Sample		 Char	 Water	 Sample		 Char	 Water	 Sample		 Char	 Water	
1	 Olive	 MO	 17	 Olive	 SA	 33	 Olive	 MQ	
2	 Olive	 MO	 18	 Olive	 SA	 34	 Tomato	 MQ	
3	 Olive	 MO	 19	 Olive	 SA	 35	 Rice	 MQ	
4	 None	 MO	 20	 None	 SA	 36	 Rf	 MQ	
5	 Tomato	 MO	 21	 Tomato	 SA	 	 	 	
6	 Tomato	 MO	 22	 Tomato	 SA	 	 	 	
7	 Tomato	 MO	 23	 Tomato	 SA	 	 	 	
8	 None	 MO	 24	 None	 SA	 	 	 	
9	 Rice	 MO	 25	 Rice	 SA	 	 	 	
10	 Rice	 MO	 26	 Rice	 SA	 	 	 	
11	 Rice	 MO	 27	 Rice	 SA	 	 	 	
12	 None	 MO	 28	 None	 SA	 	 	 	
13	 Rf	 MO	 29	 Rf	 SA	 	 	 	
14	 Rf	 MO	 30	 Rf	 SA	 	 	 	
15	 Rf	 MO	 31	 Rf	 SA	 	 	 	
16	 None	 MO	 32	 None	 SA	 	 	 	
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Results and discussion 

Adsorption experiments 

Adsorption kinetics 
The adsorption kinetics was studied using two different kinetics models; the pseudo-first-

order model and the pseudo-second-order kinetic model. The pseudo-first order equation 

looks as follows; 

𝑙𝑜𝑔 𝑞! − 𝑞! = 𝑙𝑜𝑔 𝑞! −
!!

!.!"!
𝑡    (1) 

where qe is the adsorption capacity at equilibrium (mg/g), qt is the adsorption capacity at time 

t (mg/g), t is the time (min), and k1 is a rate constant (1/min). qe and k1 can be determined 

from the slope and intercept when plotting log(qe-qt) against time (Hou et al., 2016).  

 

The adsorption capacity at equilibrium can be calculated: 

𝑞! =
!!!!!
!

𝑉       (2) 

where C0 is the start concentration (mg/L), Ce is the concentration at equilibrium (mg/L), V is 

the volume (L), and W is the weight of the biochar in grams (Hou et al., 2016) . 

 

The pseudo-second order kinetic model is described accordingly; 
!
!!
= !

!!!!!
+ !

!!
𝑡      (3) 

where k2 is the rate constant (g/mg*min). By plotting t/qt against t, k2 and qe, can be 

determined from the slope and intercept (Hou et al., 2016).  

 

From table 4 it can be seen that the pseudo-second-order kinetic model fitted best to describe 

the adsorption of albendazole, estradiol and raltegravir by the olive char (R2> 0.99). It can be 

observed that estradiol had the highest adsorption capacity, but albendazole had the highest 

adsorption rate. However, the adsorption rate should be positive and not negative. The 

pseudo-second order model indicates that the adsorption occurred in a monolayer manner, 

and by chemisorption (Lalley et al., 2016). Chemisorption means that the adsorbate is 

attached to the adsorbent through chemical bonds, usually covalent. In most cases 

chemisorption is exothermic (Atkins and De Paula, 2014). 
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Table 4- The adsorption capacities and rate constants from pseudo-first and –second order kinetic models for 
albendazole, estradiol and raltegravir. 

Adsorbate Pseudo-first order kinetics Pseudo-second order kinetics 

qe k1 R2 qe k2 R2 

Albendazole 6.2*10-7 0.06 0.97 0.04 -1.50 0.98 

Estradiol 4.3*10-7 0.01 0.81 4.82 -0.03 1.00 

Raltegravir 6.5*10-7 0.05 0.88 0.82 -0.14 1.00 

 

One problem with the kinetic models, and probably why the k2 values are negative, is that 

equilibrium was not reached for most of the compounds, and thus making it hard to get 

accurate values. Because of this, it was assumed that equilibrium had been reached after 6 

hours, which could be true for some, but the best would have been to have more time points 

to assure that equilibrium had been reached. Looking at equation 2, the adsorption capacity is 

determined by subtracting the equilibrium concentration from the initial concentration, but if 

equilibrium had not been reached, this value will not be accurate. Then, when inserting qe 

into equation 3 the calculated values become even more inaccurate. Hence, this could be one 

possible explanation for the negative k2 values. 

 

Also, as for the isotherm results, a lot of the compounds did not fit the kinetic models at all, 

and the ones in table 4 are the only ones showing some linearity when plotting t/qt against t.   

Adsorption isotherms 
The Langmuir and Freundlich isotherm models were applied in this project.  The Langmuir 

model is as follows; 
!!
!!
= !

!!!
+ !

!!
𝐶!    (4) 

where Qm is the maximum adsorption capacity (mg/g) and k is the adsorption constant 

(L/mg), and these can be determined by plotting Ce/qe against Ce (Hou et al., 2016). 

 

The Freundlich isotherm model looks like; 

log 𝑞! = log𝐾! +
!
!
log 𝐶!   (5) 

where Kf  is the Freundlich constant ((mg/g)(1/mg)1/n), and n is the strength of the adsorption. 

These quantities can be obtained from the slope and intercept by plotting log(qe) against 

log(Ce) (Hou et al., 2016).  
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Table 5- Values from the Langmuir and Freundlich isotherm models. 

Char Adsorbate Langmuir isotherm Freundlich isotherm 

Qm k  R2 Kf n R2 

Olive 
Diclofenac 3.5*10-3 16111.0 1.00 4.8*10-3 2.59 0.97 

Erythromycin 3.1*10-3 2805.8 0.99 4.9*10-2 2.21 0.87 

Tomato 
Levofloxacin 6.2*10-3 904.6 0.74 3.3*10-3 1.27 0.92 

Sulfamethoxazole 2.9*10-3 17059.9 0.99 1.4*10-2 4.18 0.99 

Rice 

Atropine 3.5*10-3 138.3 0.94 4.5*10-4 1.43 0.98 

Tramadol 9.4*10-3 21.4 0.15 1.9*10-4 1.04 0.92 

Trimethoprim 6.0*10-3 332.9 0.89 1.4*10-3 1.26 0.96 

Banana 
Diclofenac 7.4*10-3 678.6 0.70 3.3*10-3 1.23 0.97 

Ritonavir 6.1*10-3 630.2 0.64 2.4*10-3 1.21 0.93 

 

By comparing the R2 values found in table 5, it is clear that one isotherm models fitted better 

for some chars than for others. For example, for diclofenac adsorbed both the Langmuir and 

Freundlich model fits well. However, for the adsorption of diclofenac by the banana biochar 

the Freundlich model fitted better. Overall, the Langmuir model fitted better for erythromycin 

adsorbed by the olive char, and the Freundlich model fitted better for tomato, rice and 

banana. The exceptions are diclofenac adsorbed by olive char, and Sulfamethoxazole 

adsorbed by tomato, where both models fits the data.   

 

The Langmuir model assumes monolayer adsorption, which agrees well with the results from 

the kinetic experiments; that the olive char probably adsorbs the adsorbate in a monolayer.  

The Freundlich model on the other hand assumes a multilayer adsorption, and thus it is 

probably the case for the tomato, rice and banana char. It also considers the adsorption 

surface to be heterogeneous, and that the binding energies differ between the adsorption sites 

(Dávila-Jiménez et al., 2005).  

 

Looking at the n-values for the Freundlich model, all values are above 1. This indicates that 

the char was saturated with micropollutants, and that the adsorption most likely occurred by 

physisorption (Dávila-Jiménez et al., 2005; Kizito et al., 2015). Physical adsorption means 

that the adsorbate (micropollutant) and adsorbent (char) attaches to each other with for 

example van der Waals forces or dipole-dipole forces (Atkins and De Paula, 2014).   
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Some problems arose with the isotherm results during data processing. Firstly, many of the 

internal standards did not show signal at all. This meant some compounds were quantified 

using internal standards that were not as similar to the compound as desired. Also, for the 

internal standard that did work, the signals were very low resulting in high calculated 

amounts of compounds. This could be due to errors when pipetting, or maybe the internal 

standard solution had been prepared in a faulty way, with much lower concentrations than 

desired. Furthermore, many compounds did not fit the isotherm models at all. Again, errors 

with when pipetting could be one possible explanation. The ones seen in table 5 are the ones 

that did show comprehensible results.  Optimally one would like to compare the same 

compound but with different chars, but that was not possible due to the poor results. Lastly, 

the signals between duplicates for some compounds differed very much. That is also an 

indication that the results are not statistically very reliable. 

Real wastewater effluents 
From the screening of 100 micropollutants, using LS/MS-MS analysis, five antibiotics, 10 

generic pharmaceuticals, one retroviral drug and one steroid hormone were found in the 

wastewater from Morocco. For some, the adsorption using biochar was very successful, and 

in some cases it did not work at all (table 6). For example, albendazole, atropine, estradiol 

and trimethoprim, were removed 100% by all four chars. On the other hand, paracetamol for 

example was not removed at all by three of the chars, whereas the tomato char removed 38% 

of the paracetamol. It is noteworthy that out of the five antibiotics found in the Moroccan 

wastewater, four of them were removed quite successfully (80-100%), and one, 

erythromycin, was only removed 0-15%. This could be because erythromycin varies the most 

from the other structurally, see figure 1.  

 

In the pharmaceutical category, only atropine of the 10 pharmaceuticals was removed 100% 

by all chars. However, codeine was also completely removed, but only the olive char. The 

Figure 1- Chemical structures of A) Albendaxole, B) Ciprofloxacin, C) Erythromycin, D) Levofloxacin and E) 
Trimethoprim 
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varying results in this category could be because this is the category where the compounds 

differ the most in structure between each other.  

 
Table 6- The compounds found in the Moroccan wastewater, and the removal rate of each. 

Adsorbate Olive (%) Tomato (%) Rice (%) Raphia farinifera (%)  

Albendazole 100 100 100 100 Antibiotic 

Ciprofloxacin 100 100 100 100 Antibiotic 

Erythromycin 0 10 14 0 Antibiotic 

Levofloxacin 89 89 90 80 Antibiotic 

Trimethoprim 100 100 100 100 Antibiotic 

Atenolol 57 73 66 42 Pharmaceutical 

Atropine 100 100 100 100 Pharmaceutical 

Bezafibrate 25 29 4 14 Pharmaceutical 

Caffeine 43 31 23 11 Pharmaceutical 

Carbamazepine 67 52 40 31 Pharmaceutical 

Codeine  100 56 53 30 Pharmaceutical 

Diclofenac 56 32 11 2 Pharmaceutical 

Fluconazole 0 5 7 20 Pharmaceutical 

Gliclazide 16 51 31 24 Pharmaceutical 

Paracetamol 0 38 0 0 Pharmaceutical 

Lamivudine 100 100 12 50 Antiretroviral 

Estradiol 100 100 100 100 Steroid hormone 

Mean 62 63 50 47  

 

In figure 2 the removal of pharmaceuticals can be observed. As can be seen, codeine is 

adsorbed 100% by the olive char, 56% by the tomato, 53% by the rice char, and only 30% by 

the raphia farinifera char. The same pattern can be seen for diclofenac, where olive was best 

at adsorbing diclofenac (56%), and raphia farinifera had the lowest adsorption (2%).  
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Figure 2- Percentage of codeine, diclofenac, gliclazide, lamivudine and paracetamol removed from Moroccan 
wastewater removed by four different chars.  

 

In the wastewater effluents from South Africa, five antibiotics, nine generic pharmaceuticals, 

eight antiretroviral drugs, and three herbicides were found (table 7). Out of these 

ciprofloxacin, levofloxacin, and terbuthylazine were adsorbed 100% by all chars, 

carbamazepine was adsorbed 100% by all except tomato, and lopinavir and trimethoprim was 

removed 100% only by olive. Enalapril was not adsorbed by tomato or rice, and clindamycin 

was not adsorbed by raphia farinifera. Carbamazepine and sulfamethoxazole were not 

adsorbed at all by rice, and gliclazide, hexazinone and lamivudine were not adsorbed at all by 

rice. Olive is the only char that did adsorb all micropollutants to some extent.   
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Table 7- The micropollutants found in the South African wastewater, and the removal rate.  

Adsorbate Olive (%) Tomato (%) Rice (%) Raphia farinifera (%)  
Ciprofloxacin 100 100 100 100 Antibiotic 
Clindamycin 54 40 29 0 Antibiotic 
Levofloxacin 100 100 100 100 Antibiotic 
Sulfamethoxazole 63 0 53 63 Antibiotic 
Trimethoprim 100 92 92 83 Antibiotic 
Aciclovir 62 40 18 36 Pharmaceutical 
Caffeine 53 37 34 58 Pharmaceutical 
Carbamazepine 100 27* 100 100 Pharmaceutical 
Diclofenac 31 10 5 23 Pharmaceutical 
Enalapril 20 0 0 20 Pharmaceutical 
Fluconazole 22 6 6 29 Pharmaceutical 
Gliclazide 45 6 0 52 Pharmaceutical 
Paracetamol 51 35 26 41 Pharmaceutical 
Tramadol 79 68 73 43 Pharmaceutical 
Abacavir 55 37 44 33 Antiretroviral 
Atazanavir 76 38 63 60 Antiretroviral 
Daraunavir 75 51 57 48 Antiretroviral 
Lamivudine 64 57 0 74 Antiretroviral 
Lopinavir 100 95 85 90 Antiretroviral 
Nevirapine 73 29 7 60 Antiretroviral 
Raltegravir 63 76 61 75 Antiretroviral 
Ritonavir 96 97 94 93 Antiretroviral 
Hexazinone 51 22 0 31 Herbicide 
Terbuthiuron 54 35 19 17 Herbicide 
Terbuthylazine 100 100 100 100 Herbicide 
Mean 67 48 45 57  
* The result is based on two samples, and not triplicates like for all other samples, because the signal from the 
internal for one of the samples was 10 orders of magnitude lower than the two other, giving a very high 
calculated concentration for that sample.  

 

Comparing the results from the two wastewater samples show that ciprofloxacin was 

adsorbed 100% by all chars both from the Moroccan and South African wastewater. 

Carbamazepine on the other hand, was adsorbed 100% in the South African water by olive, 

rice and Raphia farinifera, and 27% by the tomato. Compared with in the Moroccan water 

where it was adsorbed 67% by olive, 52% by tomato, 40% by rice and 31% by raphia 

farinifera. The fact that the result varies between the wastewater could be an indication that 

interfering pollutants in the waters could affect the adsorption.  

 

According to Ahmad et al. (2014), producing biochars at temperatures higher than 500°C 

creates biochar with a less polar surface, because H- and O- containing groups are lost at such 

high temperatures. The O-containing groups on the surface of the char can bind to polar 

compounds though H-bonds.  In this project, all biochars were produced at 360°C. Thus, the 
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surface of the chars used most likely have a surface containing a lot of oxygen, making it 

easier to adsorb polar compounds. 

 

Generally, biochars are good at adsorbing polar compounds. However, the method chosen, 

reversed phase LC/MS-MS is most suitable for nonpolar compounds. This could mean that 

some compounds that could not be analysed with the method chosen could in fact have been 

more easily adsorbed than some of the more nonpolar compounds.  
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Conclusions  
The adsorption of micropollutant from wastewater effluents from Morocco and South Africa 

was quite successful. Out of the 17 found in Morocco and 25 in South Africa, most of them 

were adsorbed to some extent by at least one biochar. Of the four studied, olive seemed to be 

the most effective adsorbent. Albendazole, atropine, estradiol, ciprofloxacin, levofloxacin and 

terbuthylazine were the easiest to adsorb, since they were all adsorbed 100% by all four 

chars.  

 

For the olive char, the pseudo-second order kinetic model and the Langmuir isotherm model 

fitted the best, indicating monolayer adsorption through chemisorption. However, the 

calculated k2 values, that should be positive, were negative and thus indicating that those 

results may not be very accurate. 

 

On the other hand, for tomato, rice and banana, the Freundlich isotherm model were a better 

fit, indicating multi-layer adsorption through physisorption for those chars.  

 

The kinetic and isotherm experiments were not very successful, and only a few of the 

screened compounds showed comprehensible results. This is assumed to have something to 

do with the problems with the internal standards. These problems could have been because of 

some errors when preparing the internal standard solutions, or when adding them to the 

samples.  

 

To conclude, this project further underline the possibility of using biochar as an adsorbent for 

micropollutants in water. Since the biochar can be made quite easily, the raw material is easy 

to access and it is quite cheap to produce, it certainly is an area of research worthy of further 

research.  
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