
0 10 20 30 40 50
0

20

40

60

80

100

120

140

160

180

200

q
e
 (

m
g
.g

-1
)

Ce (mg.L-1)

 ACT

 THM

 IMD

AC-Industrial2

Fast removal of neonicotinoid pesticides from aqueous solution by 

adsorption using a sewage sludge-based activated carbon 

E. Sanz-Santos1, M. Larriba1, S. Álvarez-Torrellas1, J. García1 

 

(1)Catalysis and Separation Processes Group (CyPS), Chemical Engineering and Materials 

Department, Faculty of Chemistry, Complutense University, Avda. Complutense s/n, 28040 

Madrid, Spain. 
(2) Phone: +3491394115; E-mail: evsanz08@ucm.es. 
 

1. Introduction – The amount of sewage sludge production has increased enormously with the 

development of industrialisation and urbanisation and is considered a wastewater treatment problem of 

great concern. Due to increasingly stringent legislation, there is a need to find sustainable solutions to 

manage this waste under low-cost conditions. Moreover, due to their regular detection in WWTP 

effluents, emerging and priority pollutants are attracting much attention not only because they cause 

health problems even if they are detected at low concentrations, but also because they are not adequately 

removed in conventional WWTPs. In this work, a sewage sludge from a pharmaceutical industry has been 

used as a precursor for the synthesis of an activated carbon named as AC-Industrial for the adsorptive 

removal of three neonicotinoid pesticides included in the EU monitoring list (Decision 2018/840) [1]: 

acetamiprid (ACT), thiamethoxam (THM) and imidacloprid (IMD). 
 

2. Experimental - The carbon material (AC-Industrial) has been prepared by chemical activation using 

ZnCl2 and then submitted to a thermal treatment at 800 ˚C for 2 h. The batch-mode adsorption tests of the 

three pesticides were carried out in a thermostatic bath at the following conditions: room temperature; 

stirring speed = 250 r.p.m., C0 = 50 mg L-1, and V = 25 mL. The adsorption kinetic was evaluated using 

an adsorbent dose of 0.3 mg mL-1, and sampling at regular time intervals was accomplished until reached 

the equilibrium. Thus, the adsorption isotherms were obtained using an adsorbent dose range of 0.05-1.5 

mg mL-1. Samples were analysed by HPLC technique using an Agilent 1260 Infinity II chromatograph. 

An Agilent EC-C18 column (150 mm x 4.6 mm; 4 µm) and an acetonitrile/acetic acid (75 mM) mixture: 

30-70%, v/v, were used as stationary and mobile phase, respectively. 
 

3. Results and Discussion - The textural properties of the synthesized activated carbon revealed a high-

specific surface area material (SBET = 730 m2 g-1) and a mainly micro-mesoporous structure (V0/VTotal = 

0.11). So, high equilibrium adsorption capacity values were obtained (qe = 125, 125, and 153 mg g-1, for 

ACT, THM, and IMD, respectively; Figure 1), combined with a very fast adsorption kinetic, since the 

equilibrium was achieved in only 15 min. In addition, the adsorptive properties of the lab-synthesized 

activated carbon from a sewage sludge could be compared to those obtained with a commercial activated 

carbon, such as F400, that shows a predominantly microporous character (SBET = 1102 m2 g-1; V0/VTotal = 

0.79). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Adsorption isotherms of the three pesticides studied using the sewage sludge-activated carbon. 

4. Conclusions – Due to its textural characteristics, e.g., micro-mesoporous properties, and both the 

obtained kinetic and equilibrium adsorptive results, this sewage sludge-based activated carbon can be 

considered capable of competing with a commercial activated carbon, of mineral origin, in a real WWTP 

scenario. 
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