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Introduction 

Groundwater pollution by nitrates and micropollutants (pesticides and antibiotics) has increased during the last years due to the intensification of agriculture and livestock activities [1]. Current drinking water treatment technologies to remove this 

compounds are expensive to build and require of a high level of energy consumption (electrodialysis and reverse osmosis), so the treatment based on microalgae can be an eco-efficient alternative. Moreover, the immobilization of microalgae 

has better results due to algal-bacterial symbiosis [2]. 

Objective 

• Evaluate the effect of microalgae co-immobilisation on the removal efficiency of nitrates and micropollutants (3 antibiotics: sulfacetamide, sulfametazine, sulfamethoxazole; and 5 pesticides: bromacil, atrazine, diuron, bentazone, mecoprop) from 

groundwater using 2 supporting materials (foam and luffa). 

• Evaluate the effect of different hydraulic retention times (HRTs) on the attenuation of nitrates and micropollutants. 
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Results and discussion 

Effect of microalgae immobilization 

Material and methods 

-The effect of free and co-immobilised microalgae with bacteria in different supporting materials on contaminants removal was evaluated 

in 2.5 L reactors with water and microcontaminants spiked  at 25µg/L (environmentally relevant concentration).  4 conditions  were 

studied: free microalgae, immobilised microalgae in polyurethane foams of porosity 30 and 10 and vegetal sponge (luffa). The operation 

condictions were as follows: room temperature (23 ± 3 ºC) and periods of 12 hours of light and 12 hours of darkness. 

- 3 main conditions were tested, 3 HRTs (8, 4 and 2 days), in which groundwater was spiked with 25µl/L of the mix of contaminants and 

200 mg/L of nitrates. Micropollutant analytical methodology is described in Fig. 2. 

- Chlorella sp.  was the most abundant algae genus and quickly colonized the different matrices of support (see Fig. 1). 

 

Experimental design Analytical methodology 
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Conclusions 

•The co-immobilization of microalgae resulted in a greater  removal efficiency of micropollutants, presumably due to the enhancement of 

the algal-bacterial symbiosis. 

 

•The attenuation of micropollutants showed a high HRT dependence, a microalgae whasing effect was observed at low HRT (2 days). 

 

•The use of microalgae has been proven as a suitable water treatment  to attenuate contaminants from groundwater. 

 

•Antibiotics were removed between 60 and 95 % in the four studied conditions, as they were removed mainly due to photodegradation 

processes [4](Figure 3. Plots F,G,H). 

 

•Pesticides were removed between 40  and 90%, and a microalgae adaptation to attenuate these compounds due to biodegradation was 

observed (Figure 3. Plots A,B,C,D,E). 

 

•The co-immobilisation of microalgae in polyurethane foam with porosity of  10 showed the best results in terms of removal efficiency of 

microcontaminants.  

 

•The removal efficiency of micropollutants was observed to be dependent on HRTs (Table 1). 

 

•Nitrate removal was greater in microalgae reactors immobilized in luffa sponge due to high porosity and rigid structure [5] (Table 1). 

Figure 1. Experimental design. Image A) Star of the project and B) After 61 incubation days 

of the experimental process, C) Photo of the optical microscope oh the Chlorella genus, D) 

Polyurethane foams of porosity 10 at the beginning of experimental process, E) 

Polyurethane foams of porosity 10 after 61 incubation days, F) Polyurethane foams of 

porosity 30 at the beginning of experimental process, G) Polyurethane foams of porosity 30 

after 61 incubation days. 

 
  

 

Table 1. Effect of the different HRT in the four conditions of work in each compound and 

nitrates  

  

  
HRT = 8 (days) HRT = 4 (days) HRT = 2 (days) 

Nitrate 

Free microalgae 41 ± 8 40 ± 4 20 ± 10 

Luffa   69 ±31*  35 ± 10 24 ± 8 

P30 39 ± 5 20 ± 8 18 ±8 

P10 44 ± 4 22 ±9 19 ± 5 

Sulfacetamide 

Free microalgae 94 ± 2 89 ± 2 87 ± 8 

Luffa 95 ±1 94 ± 1 92 ± 3 

P30 95 ± 2 91 ± 2 84 ± 8 

P10 89 ± 2 86 ± 2 86 ± 1 

Sulfamethazine 

Free microalgae 94 ± 1 80 ± 2 79 ± 6 

Luffa 93 ± 2 76 ± 3 75 ± 9 

P30 88 ± 6 56 ± 5 54 ± 6 

P10 85 ±6 79 ± 3 75 ± 7 

Sulfamethoxazole 

Free microalgae 87 ± 5 88 ± 6 90 ± 4 

Luffa 82 ± 2 92 ± 3 94 ± 1 

P30 64 ± 7 68 ± 5 74 ± 6 

P10 71 ± 10 82 ± 1 83 ± 4 

Bromacil 

Free microalgae 75 ± 9 62 ± 8 57 ± 10 

Luffa 89 ± 7 77 ± 9 75 ± 3 

P30 90 ± 5 94 ± 1 85 ± 8 

P10 94 ± 4 94 ± 1 86 ± 7 

Atrazine 

Free microalgae 51 ± 5 35 ± 9 33 ± 10 

Luffa 76 ± 6 40 ± 3 20 ± 11 

P30 56 ± 5 39 ± 7 14 ± 3 

P10 83 ± 6 52 ± 7 25 ± 12 

Diuron 

Free microalgae 58 ± 9 30 ± 7 21 ± 8 

Luffa 77 ± 4 38 ± 8 24 ± 5 

P30 74 ± 3 67 ± 9 41 ± 9 

P10 88± 3 64 ± 3 33 ± 8 

Bentazon 

Free microalgae 42 ± 5 46 ± 7 52 ± 2 

Luffa 63 ± 5 50 ± 6 45 ± 5 

P30 54 ± 6 53 ± 3 42 ± 8 

P10 54± 7 42 ± 5 38 ± 9 

Mecoprop 

Free microalgae 48 ± 3 52 ± 3 58 ± 8 

Luffa 43 ± 3 55 ± 6 54 ± 1 

P30 66 ± 9 61 ± 2 49 ± 4 

P10 73 ± 9 52 ± 5 51 ± 2 
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Figure 3. Effect of microalgae immobilization. Plots A,B,C,D,E) represents pesticides and plots F,G,H) represents antibiotics. Control 

means free microalgae; Luffa is vegetal sponge;  P30 is foam with porosity 30; P10 ins foam with porosity 10. 
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Effect of the HRT 

Figure 2. Analytical process. All water samples were filtered and processed as previously reported [3]. 
Recoveries were between 40-95% in the four conditions 

F) G) 

0
 

5
0

 
1

0
0

 u
m

 

*luffa reactor was able to achieve nitrate attenuation values of up to 90% at the beginning of the study  


