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Liquid Digester from Urban 
Wastewater Treatment Plants 
for Chlorella vulgaris’ Growth 
and Nutrient Recirculation

Gassan Hodaifa and Amani Belaiba

Abstract

Wastewater treatment is an important issue because it 
directly impacts the environment and is directly related 
to climatic change. However, urban wastewater treat-
ment plants just now cannot complete the treatment from 
the viewpoint of the circular economy. This work uses 
the digested liquid generated from the anaerobic digester 
as culture media to grow the green microalga Chlorella 
vulgaris. Different culture media at different effluent 
concentrations are prepared with tap water (5, 10, 25, 
35, and 50%, v/v). The experiments were performed in 
stirred photobioreactors in batch mode with 1L capacity. 
The common operating conditions used were pH of the 
culture media = 8, mechanical agitation = 200 rpm, air 
supply rate = 0.5 L/min, and continuous artificial light 
at illumination intensity = 359 μE m−2 s−1. The experi-
mental results show that the kinetic growth parameters 
maximum specific growth rate (0.0204 h−1) and volu-
metric biomass productivity (0.00860 g L−1 h−1) values 
were determined in the culture at 25% (v/v) of digested 
liquid. Furthermore, the wastewater treated quality in 
terms of removal chemical oxygen demand percentage 
(26.6%) and total nitrogen removal percentage (94.7%) 
were determined in the cultures with 50 and 10% (v/v) 
of liquid digester from wastewater treatment plant 
(LD-WWTP). The highest net harvest biomass concen-
tration (x–xo = 2.54 ± 0.0155 g/L), total lipid content 
(13.1%), and %CO2 removal (72.2%) at the end of the 
cultures were registered in culture operated at 25% (v/v) 
of LD-WWTP. These results show the possible recovery 
and recirculation of nutrients from LD-WWTP.
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1  Introduction

Nowadays, nutrient recirculation is one of the most critical 
challenges in achieving a circular economy to ensure the 
environment's protection of the globe. Today's wastewa-
ter treatment plants (WWTPs) are essential in controlling 
and handling wastewater treatment. Still, the new climate 
change challenge requires more transformation and recircu-
lation to achieve sustainability, which means this function 
is insufficient. Therefore, more nutrient control and recircu-
lation capacity are needed to realize a correct life cycle of 
raw materials.

Currently, urban sludge generated in the WWTPs is 
treated through the anaerobic digester to produce biogas. 
Biogas is normally used for energy generation (as electric 
energy) and the digester liquid is concentrated for discharge 
or post-treatment and used as fertilizer or soil conditioner. 
Then, the liquid obtained is recirculated to the head of the 
WWTP. The anaerobic digestion process is based on the 
complex hydrolyzation of organic matter into soluble mon-
omers, such as amino acids, fatty acids, sugars, and glyc-
erol (Volschan-Junior et al., 2021). Then, this residue is rich 
in many organic and inorganic compounds, which could be 
used for microalgal growth.

This research aims to study the viability of liquid 
digester from WWTPs (LD-WWTPs) to use as a substrate 
for forming culture media for Chlorella vulgaris growth. 
This use allows the recovery of nutrients and the generation 
of algal biomass with high added value, especially for bio-
fuel production, in addition to the liquid digester treatment.
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iron ions to iron (II) ions in a thioglycolate medium with 
a triazine derivative. According to the standard methods, 
this reaction results in a reddish-purple complex that was 
photometrically determined at 565 nm. Chloride, sulfate, 
and orthophosphate were determined photometrically at 
450 nm, 420 nm, and 690 nm, respectively, according to the 
standard methods. Sodium, calcium, and potassium were 
directly determined by using a selective ion electrode for 
each ion (Crison, mod. GLP 22).

3  Results and Discussion

3.1  Characterization of the Liquid 
Digester from Urban Wastewater 
Treatment Plant (LD-WWTP)

Table 1 shows the characterization of tap water (as a con-
trol experiment) and filtered liquid digestor from the urban 
wastewater treatment plant, in addition to characterize this 
filtered LD-WWTP at different concentrations prepared 
with tap water (5, 10, 25, 35, and 50%, v/v) before treat-
ment by Chlorella vulgaris. The comparison between tap 
water and LD-WWTP indicated the high turbidity, COD, 
TPCs, TC, TOC, IC, TN, NH4, NH3, total-P, Na, K, SO4, 
Cl, and Fe of LD-WWTP. This high concentration of nutri-
ents could be recovered using this residue for microalgal 
growth. However, the direct use of LD-WWTP as a cul-
ture medium is impossible due to the high osmotic pres-
sure (high nutrient concentration), enabling microalgal cell 
growth. For this reason, different LD-WWTP concentra-
tions were prepared to study the C. vulgaris growth since 
the nutrient distribution on the culture media depends on 
the dilution applied in each case (Table 1).

3.2  C. vulgaris Growth, Bioremediation, 
and Biochemical Composition

Figure 1 shows the net biomass generation in the different 
cultures developed from LD-WWTP. In all experiments, 
approximately a Lag phase with a 100 h duration was 
observed before the exponential growth phase. Only in the 
culture at 5% of LD-WWTP, no Lag phase was detected. 
This may be due to the presence of total phenolic com-
pounds in the culture media that are considered growth 
inhibitors (Hodaifa et al., 2020).

The highest biomass generation was detected in the cul-
ture operated at 25% LD-WWTP with algal biomass con-
centration up to 2.5 g/L after 358 h. In this sense, ANOVA 
one-way analysis of variance shows that at the 0.05 level, 

2  Methods

A green microalga Chlorella vulgaris strain SAG 9.88 was 
grown in a liquid digester from urban wastewater treatment 
at different concentrations prepared with tap water (5, 10, 
25, 35, and 50%, v/v) as culture media. The cultures have 
been carried out under natural conditions without prior ster-
ilization of the culture media.

The common operating conditions used were pH of the 
culture media = 8, mechanical agitation = 200 rpm, air sup-
ply rate = 0.5 L/min, and continuous artificial illumination 
intensity = 359 μE m−2 s−1. All experiments were carried 
out in stirred photobioreactors with 1 L capacity.

Biomass was generated, and biomass biochemical com-
position was determined. For biomass concentration (x, 
g/L), 5 ml of microalgal suspension was centrifuged at 
4000 rpm for 10 min. The obtained biomass was washed 
three times with ultrapure water and measured at 600 nm in 
a UV–visible spectrophotometer. A linear calibration curve 
between absorbance and dry biomass was used to determine 
the biomass dry weight-cell concentration (g/L).

Total pigments (chlorophyll a, b, and carotenoids) were 
determined by a photo-colorimetric method after extrac-
tion with acetone at 90%, as described by Ritchie (2008). 
The total chlorophylls and total carotenoid contents were 
calculated according to the equations described by Jeffrey 
and Humphrey (1975) and Strickland and Parsons (1972), 
respectively.

At the end of each culture, biomass was separated and 
dried at 105 °C. Then, the total lipids content was determined. 
Next, the total lipid content of the biomass was extracted by a 
micro-Soxhlet extractor using n-hexane as a solvent for 24 h. 
Finally, the percentage of total proteins was determined as 
total nitrogen percentage ×6.25 (Becker, 1994).

The following parameters (Hodaifa et al., 2020) were 
determined for the liquid residue from the urban anaero-
bic digester (crude, filtered, and treated): pH value, electric 
conductivity (EC), and turbidity were directly measured by 
using a pH-meter Crison model GLP 22C, Conductimeter 
Crison, model GLP31, and Turbidimeter Hanna, model 
HI93703, respectively. Chemical oxygen demand (COD) 
was determined photometrically at 620 nm according to 
German Standard Methods. Total phenolic compounds 
(TPCs) were performed by making them react with a 
derivative thiazol, giving a purple azo dye, determined 
photometrically at 475 nm according to the standard meth-
ods. Total carbon (TC), total organic carbon (TOC), total 
nitrogen (TN), and inorganic carbon (IC) were determined 
using a Total Carbon and Nitrogen Analyzer provided 
by Skalar Company, model FormacsHT and FormacsTN. 
Total iron determination was performed by reducing all 
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the population means are significantly different (final bio-
mass concentration mean = 1.18 g/L, F-value = 8.38, and 
P-value = 0.02004 < 0.05).

The net biomass generation increases by increasing 
LD-WWTP concentration in the culture media up to 25% 
(v/v). Then, this concentration is decreased to depreciable 
concentration at cultures with 50% (v/v) of LD-WWTP 
(Fig. 1). In Table 2, it can be seen the quality of the 
LD-WWTP after C. vulgaris growth. A notable improve-
ment in their values was observed for all quality param-
eters. Cultures at 5 and 10% of the treated LD-WWTP 
could be discharged directly to the waterways since 
COD < 125 mg/L, TN, and Total-P < 10 mg/L (Directive 
91/271/EEC on Urban Wastewater Treatment).

The final biomass obtained is rich in energetic com-
pounds (carbohydrates + lipids), registering an average 
value of 66.1 ± 3.15%. The highest total lipid was 13.1% 
and registered in the culture at 25% of LD-WWTP.

Table 1  Characterization 
of liquid digester from urban 
wastewater treatment before 
treatment by Chlorella vulgaris 
and control experiment

Parameter Tap water Filtered LD-WWTP LD-WWTP before treatment

5% 10% 25% 35% 50%

pH 6.85 8.24 8.03 8.20 8.05 8.32 8.17

Conductivity, µS/cm 0.00256 1410 908 1330 2084 3088 5032

Turbidity, FTU 1.19 325 13.8 23.7 48.3 83.0 134

COD, mgO2/L 0.00 976 39.3 89.4 315 329 550

Disolved O2, mg O2/L 8.2 7.74 7.83 7.94 7.08 7.57 5.73

Total solid, % 0.020 0.32 0.02 0.03 0.06 0.11 0.15

Organic matter, % 0.006 0.09 0.004 0.008 0.02 0.04 0.04

Ash, % 0.013 0.23 0.02 0.03 0.05 0.07 0.11

TPCs, mg/L 0.00 19.0 2.05 2.67 5.62 7.33 7.30

TC, mg/L 24.0 153 89.6 149 317 406 637

TOC, mg/L 1.85 31.2 13.8 24.5 52.3 86.3 124

IC, mg/L 22.1 122 75.8 125 265 320 513

TN, mg/L 0.51 115 62.4 112 212 253 360

NN, mg/L 0.15 0.40 0.25 0.27 0.00 0.26 0.26

NH4, mg/L 0.42 1367 686 129 310 433 628

NH3, mg/L 0.20 18,300 399 1149 3961 5846 9150

NO3, mg/L 0.29 5.25 1.45 1.59 4.47 3.34 5.97

Total-P, mg/L 0.00 161 34.2 57.7 122 175 240

PO4, mg/L 0.42 63.9 4.72 6.49 9.18 11.0 11.6

Na, mg/L 13.0 268 29.3 56.7 105 157 218

K, mg/L 0.95 64.2 2.50 3.20 5.10 7.70 10.2

Ca, mg/L 2.94 3.80 0.10 0.21 0.24 0.28 0.52

SO4, mg/L 219 1408 335 386 406 511 606

Cl, mg/L 0.00 303 75.9 95.3 227 236 249

Fe, mg/L 0.00 5.05 0.50 0.61 1.21 1.74 2.28
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Fig. 1  Net Chlorella vulgaris biomass generation in LD-WWTP at 
different concentrations
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for biofuel production. As a bad option, the whole biomass 
could be introduced to the anaerobic digester for major 
biogas yield.
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4  Conclusions

The study of using LD-WWTP as a substrate to formulate 
culture media of Chlorella vulgaris demonstrated the via-
bility of the recovery of nutrients and the possible bioreme-
diation of LD-WWTP before its recirculation to the head of 
the WWTP. Higher net biomass generation and energetic 
compounds were obtained up to 3.5 g/L and 66.1 ± 3.15%, 
respectively. Total lipids up to 13.1% were obtained in the 
culture with 25% LD-WWTP, which can separate and con-
vert into biodiesel. The carbohydrate fraction could be used 

Table 2  Characterization 
of liquid digester from urban 
wastewater treatment plant 
(LD-WWTP) after Chlorella 
vulgaris

Parameter Control experiments LD-WWTP after treatment by Chlorella vulgaris

Tap water 5% 10% 25% 35% 50%

pH 6.85 8.38 7.74 8.21 8.64 8.38

Conductivity, µS/cm 0.00256 817 917 2074 2045 3076

Turbidity, FTU 1.19 6.34 8.08 21.4 18.4 76.0

COD, mg O2/L 0.00 35.7 71.5 286 243 404

Disolved O2, mg O2/L 8.20 7.00 6.83 2.55 7.14 6.61

Total solid, % 0.020 0.08 0.07 0.17 0.18 0.22

Organic matter, % 0.006 0.03 0.01 0.05 0.03 0.09

Ash, % 0.013 0.05 0.06 0.12 0.15 0.13

TPCs, mg/L 0.00 0.81 0.87 2.97 0.89 6.96

TC, mg/L 24.0 63.6 50.7 122 110 174

TOC, mg/L 1.85 38.0 37.5 114 85.5 142

IC, mg/L 22.1 25.3 13.2 8.42 24.1 31.0

TN, mg/L 0.51 7.12 5.91 98.6 15.6 213

NN, mg/L 0.15 0.00 0.00 0.00 0.00 0.14

NH4, mg/L 0.42 2.86 8.33 123 13.1 284

NH3, mg/L 0.20 1.61 9.21 236 8.30 540

NO3, mg/L 0.29 0.43 0.72 3.96 1.79 3.70

Total-P, mg/L 0.00 6.60 5.90 18.4 23.0 47.0

PO4, mg/L 0.42 3.30 4.51 8.06 5.86 6.52

Na, mg/L 13.0 173 599 173 469 356

K, mg/L 0.95 0.20 0.33 0.50 0.70 9.50

Ca, mg/L 2.94 0.08 0.18 0.20 0.25 0.50

SO4, mg/L 219 298 285 186 195 531

Cl, mg/L 0.00 42.0 77.0 216 181 183

Fe, mg/L 0.00 0.03 0.07 0.58 0.13 2.27
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