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      Chlorella Vulgaris green microalgae live cells show great potential for the removal of pollutants. In this study, the potential of Chlorella 

Vulgaris microalga as an inexpensive biosorbent was investigated for the removal of formaldehyde (FA). The experimental conditions 

including pH, contact time, and temperature on the removal of FA were considered and optimized. The sorption thermodynamics and kinetics 

of FA on biosorbent were studied using linear and nonlinear regressions. Chlorella Vulgaris as a biosorbent was able to remove 98% of FA 

within 22 min at a pH of 6.0. The sorption isotherm fitted well to the Langmuir isotherm and the sorption kinetics followed the pseudo-

second-order model. Based on the Langmuir model, the maximum capacity of the monolayer sorption of Chlorella Vulgaris for FA was 

found to be 180 mg g-1. The rapid and relatively high capacity of natural and untreated Chlorella Vulgaris is the main advantage of this 

biosorbent for wastewater treatment.  
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INTRODUCTION 
 

      Formaldehyde (FA) is a colorless water-soluble gas that 

has various applications in the production of fertilizer, resins, 

and industrial products [1]. The effluent of industries 

contaminated with FA enters the lagoons to evaporate over 

time. Exposure to FA or its vapors may cause a variety of 

symptoms or diseases, including headache; contact 

dermatitis; nose; eye, and mucus hypersecretion; throat 

irritation; shortness of breath; chronic cough; wheezing; 

chronic airway obstruction; asthma; bronchitis; rhinitis; 

pharyngitis; reproductive; and menstrual disorders and 

sexual dysfunction [2]. Furthermore, exposure to a high level 

of formaldehyde may cause some types of cancers due to the 

formation of DNA adducts, leading to genomic instability. 

Different methods such as photocatalytic degradation [3], 

sorption  method  [4],  a combination of UV and ferrate (VI)  
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[5], photo-Fenton process [6], and ozone and hydrogen 

peroxide degradation catalyzed by MgO/Al2O3 [7] have been 

reported for the removal of FA. Among these methods, the 

removal of FA by sorbents has attracted more attention as it 

is usually cheaper, more compatible with the environment, 

and often is capable of complete removal of pollutants. In this 

regard, biomass, such as Rhodococcus erythropolis UPV-1 

sorbent [8], bacteria, fungi, and algae have been used for the 

removal of contaminants [9]. Among this biomass, 

microalgae showed a higher capability for the removal of 

some pollutants from wastewater [10,11].  

      Algae is cheap biomass that can consume some effluent 

pollutants such as phosphate and nitrate as a food source for 

growth [12]. Chlorella Vulgaris is single-celled green algae, 

2 to 12 microns in diameter and spherical [13]. that can grow 

in salty and freshwater as well as moist soils. It is a safe and 

easy-prepared, low-cost, eco-friendly, available microalga 

with various functional groups, such as –SH, –OH, –NH, and 

–COOH making it capable of binding to some contaminates 

[14]. Because of its cheap cell culture, high growth rate, and  
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ease and simple conditions of maintenance in a mineral 

culture environment [15], it has been used in various fields 

including wastewater treatment for the removal of organic 

and inorganic compounds [16]. For example, the capability 

of Chlorella Vulgaris for bioremediation of textile 

wastewater [17] as well as contaminants of emerging concern 

(CECs) such as bisphenols and pharmaceuticals for 

conventional wastewater treatment technologies has been 

studied [18]. 

      Based on the aforementioned discussion, in this article, 

the capability of Chlorella Vulgaris green alga for the 

removal of FA from wastewater was investigated. The factors 

influencing the removal of FA by this microalga were 

considered and optimized. The isotherm and kinetics of the 

sorption of FA onto the biosorbent were also considered. 

 
EXPERIMENTAL 
 

Chemicals  
      All chemicals were of analytical grade and purchased 

from Merck (Darmstadt, Germany) and they were used 

without further purification. A standard solution of 

formaldehyde (1000 mg l-1) was prepared by dilution of    

2.50 ml of the commercially available analytical-reagent 

grade (37% v/v) formaldehyde solution in a 1000 ml standard 

flask and standardized by the AOAC method [19]. The 

working standard solutions were prepared daily by 

appropriate dilution of stock standard solution with ultrapure 

water. Chlorella Vulgaris microalgae as biomass for sorption 

of FA were prepared by the International Sturgeon Research 

Institute (ISRI, Rasht, Iran). 

 

Instruments 
      A Cecil Aquarius Spectrophotometer model CE 7400S 

(England) equipped with matched glass cells with a path 

length of 10 mm was used for the determination of FA 

concentrations. Memmert water bath (Germany) with the 

ability to control the water temperature up to 60 ± 1 °C, and 

the pH meter (Mehrohm, model 827, Switzerland) were used 

for controlling the temperature and adjusting the pH of the 

solution in removal trials. A Hettich Benchtop centrifuge 

UNIVERSAL 320 (Germany) was applied for the separation 

of the microalgae from the culture medium and, an air pump 

(Cstar air pump HX-106; China) was used for the aeration of 

 

 

microalgae.  

 

Cultivation of Chlorella Vulgaris Microalgae  
      Chlorella Vulgaris green microalgae were cultured in an 

autoclaved B.G.11 medium  (1000 mg l-1 of glucose, 95.5 mg 

l-1 NH4Cl, 56.3 mg l-1 urea, 22.6 mg l-1 KH2PO4, 12.6 mg l-1 

FeSO4.7H2O, 309 mg l-1 NaHCO3 and 35 mg l-1 yeast 

extract). The initial pH of the medium was about 8.90 (± 

0.09). The Chlorella Vulgaris microalgae growth was 

conducted at 26 ± 2 C and under external light sources 

(2x36W daylight normalized fluorescent lamps)  with 14/10 

of light/dark lightening cycle  and air pump aeration. 

 
Preparation of Biosorbent 
      After culturing of Chlorella Vulgaris, to separate the 

microalgae from the culture medium, it was centrifuged for   

4 min at 150 rpm. Consequently, Chlorella Vulgaris were 

washed with distilled water and centrifuged until the 

conductivity of the supernatant solution reaches that of 

distilled water. 

  

Determination of Formaldehyde 
      The amount of FA in the aqueous solution was 

determined by the Nash method [20]. Thus, 75 g of 

anhydrous ammonium acetate was dissolved in 200 ml of 

distilled water, 1 ml of acetylacetone, and 1.5 ml of acetic 

acid was added and the volume was adjusted to 500 ml Then, 
for the determination of formaldehyde, 7.5 ml of the prepared 

solution was added to 10 ml of FA solution, the pH was 

adjusted to 6.0, and the mixture was diluted to 25 ml upon 

addition of distilled water. The resulting solution was then, 

placed for 12 min in a water bath at 60 C. In this step, a 

yellow color appeared due to the reaction between 

formaldehyde and acetylacetone and, the formation of 

diacetyldihydrolutidine (DDL). After, the completion of the 

reaction, the solution absorbance was measured at the 

wavelength of 412 nm. The calibration graph was constructed 

by measurement of absorbance of a set of 1-180 mg l-1 

formaldehyde standard solutions (Fig. 1). 

  
Sorption Experiment 
      The pH of the sample or standard solution was adjusted 

to 6.0 using diluted hydrochloric acid  or sodium hydroxide. 

2.5 mg  of  the  prepared  alga was added to 50 ml of the FA  

160 



 

 

 

Removal of Formaldehyde by an Untreated Biosorbent/Anal. Bioanal. Chem. Res., Vol. 10, No. 2, 159-167, April 2023. 

 
Fig. 1. Calibration graph of formaldehyde.  

 

solution and the mixture was stirred on a  shaker for 30 min. 

Then, the mixture was centrifuged at 150 rpm for 4 min and 

the amounts of FA that remained in the solution were 

measured according to the procedure given in section 2.5. A 

typical absorption spectrum of diacetyldihydrolutidine 

(DDL) derivative of formaldehyde before and after removal 

by Chlorella Vulgaris algae is provided in (Fig. 2). The 

removal percentage (Re%) and sorption capacity of FA were 

calculated using Eqs. (1) and (2), respectively: 

       𝑅𝑒 (%) =     100                                                        (1) 

 

      𝑞 =
( )

                                                                                 (2) 

 

where qe is the amount of FA sorbed on the unit mass of 

sorbent (mg g-1), C0 and Ce are initial and equilibrium FA 

concentrations (g l-1), respectively. V is the solution volume 

(ml), and m is the biosorbent mass (g). 

 

Kinetics and Isotherm Study 
      To investigate the kinetic and isotherm behavior of FA 

sorption on the prepared sorbent, a set of 50 ml solutions of 

FA with a pH of 6.0 and different concentrations of FA were 

prepared and 2.5 mg of the sorbent was added to each 

solution. The resulting mixture was stirred on a shaker for up 

to 60 min and in different time increments, the amount of FA 

that remained in the solution was determined using the 

section 2.5 procedure. 

 

Isotherm Models of FA Sorption on Chlorella 
Vulgaris Microalgae 
      To  find   the   best   isotherm,   the  data  were   fitted  to 

 

 

 
Fig. 2. Absorption spectra of diacetyldihydrolutidine (DDL) 

derivative of formaldehyde before (a) and after (b) removal 

by Chlorella vulgaris algae. 

 

 

Langmuir, Temkin, Freundlich, and Dubinin-Radushkevich 

models, and the determination coefficients of the models (R2) 

were compared.  

      The Langmuir isotherm model is based on the hypothesis 

that the binding of the analyte to the sorbent occurs uniformly 

in a single layer on the sorbent surface. This model also states 

that all sorption sites have the same coherence with the 

sorbate molecules and that no transfer process occurs at the 

sorbent surface. This model is expressed by the following 

equation [21]:  

 

      𝑞 =                                                                    (3) 

 

where, Kl; qe, Ce, and qm are the Langmuir constant, the 

amount of FA sorbed per gram of sorbent (mg g-1), the 

equilibrium concentration of FA in solution (mg l-1), and the 

maximum capacity of FA sorption (mg g-1), respectively.  

      The Freundlich isotherm assumes multilayer sorption on 

a heterogeneous surface, described by the following equation 

[22]: 

 
      𝐾 = 𝐾 𝐶

/                                                                          (4) 

 

Here, Kf and 1/n; are Freundlich sorption constants that are 

related to sorption capacity and intensity. Freundlich 

equilibrium constants are obtained by plotting lnqe versus ln 

Ce. The linearized form of the Freundlich equation that is 

used  for  the determination of Freundlich sorption constants 
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is as follows: 

 

      ln 𝑞 = ln 𝐾 + ln 𝐶                                                     (5) 

 

In the Temkin isotherm, the possibility of interactions 

between the FA-FA and the sorbent-FA species in the surface 

sorption theory is considered. The heat of the sorption of 

molecules on the sorption layer decreases linearly with the 

amount of coverage. The linearized equation of this model is 

as follows: 

 

      𝑞 = 𝐵 ln 𝐾 + 𝐵 𝑙𝑛 𝐶                                                  (6) 

 

where B, is related to the sorption energy and is equal to B = 

RT/b. R is the gas universal constant (8.314 J mol-1 K-1), T is 

the absolute temperature (K), and KT is the bond equilibrium 

constant (l mg-1). 

      Dubinin-Radushkevich (D-R) isotherm is an empirical 

sorption model that is often applied to express sorption 

mechanism with Gaussian energy distribution onto 

heterogeneous surfaces. The D-R isotherm is only suitable 

for sorbate concentrations intermediate-range due to its 

exhibition of unrealistic asymptotic behavior [23]. D-R 

isotherm is expressed as follows: 

 

      𝑙𝑛𝑞 = 𝑙𝑛𝑞 − 𝛽𝜖                                                                      (7) 

 

      𝜖 = 𝑅𝑇𝑙𝑛(1+1/Ce)                                                                        (8) 

 

      𝐸 =
√

                                                                                            (9) 

 

where β is the Dubinin-Radushkevich constant, ϵ is the 

Polanyi potential, T is absolute temperature, R is the gas 

constant (8.31 J mol-1 k-1), and E is mean sorption energy. 

 
Kinetic Models of FA Sorption on Chlorella Vulgaris 
Microalgae  
      Various kinetic models for FA sorption on Chlorella 

Vulgaris were considered by fitting the data of the sorption 

process to the pseudo-first-order, pseudo-second-order, 

Elovich, and intra-particle diffusion models. The pseudo-

first-order kinetic linearized equation is represented as 

follows: 

 

 

      ln(qe-qt) = lnqe-k1t                                                       (10) 

 

In the pseudo-second-order kinetic model, the rate control 

step is based on chemisorption and is described by the 

following equation: 

 

      = +                                                                        (11) 

 

in these equations, qt and qe are the amounts of sorbed FA per 

unit of sorbent (mg g-1) at a certain time, and equilibrium, 

respectively. k1 is the pseudo-first-order kinetic model 

sorption rate coefficient of (min-1). 

The intra-particle diffusion model is expressed as: 

 

      𝑞 = 𝐾 𝑡 + 𝐶                                                                 (12) 

 

where C is the thickness of the boundary layer (mg g-1), and 

Kdif is the rate constant (mg g-1 min-1/2).  

Elovich kinetic model is represented by the Eq. (13):  

 

      𝑞 =  ln (𝛼𝛽) +  ln (𝑡)                                                   (13) 

 

where, 𝛼 (mg g-1 min-1) and 𝛽 (g mg-1) are rates constant for 

the Elovich equation indicating the initial sorption rate and 

sorption coefficient, respectively. 

 
RESULTS AND DISCUSSION 
 

      In the preliminary study, it was observed that the 

Chlorella Vulgaris microalgae show a high affinity for 

formaldehyde sorption from an aqueous solution. To find the 

best conditions for removing FA, the effect of influencing 

parameters such as pH (3.0-10.0), contact time (0 to 30 min), 

amount of sorbent (0 to 9 mg), and temperature (4 to 55 C) 

were investigated and optimized by one at the time method.  

      The pH effect on the bioaccumulation of 180 mg l-1 of FA 

from a 50 ml sample with 2.5 mg Chlorella Vulgaris 

microalgae in 30 min (Fig. 3a) demonstrates that with 

increasing pH from 3 to 6, FA removal by Chlorella Vulgaris 

microalgae increases, reaching the maximum sorption 

efficiency of 70 % in the pH range of 6 to 8. This observation 

can be related to the structure of microalgae cell walls, 

mainly  made  up  of   protein   and   carbohydrates,   having  

162 
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functional groups such as carboxyl, hydroxyl, sulfate, amino, 

etc. [24]. Thus, at low pHs, the functional groups of 

microalgae are protonated resulting in a decrease in their 

interaction with FA. At pH > 8, the biosorption efficiency is 

decline to less than 50% due to the competition of the 

hydroxide ions with the microalgae functional group for 

interaction with FA.  
      The effect of temperature on the sorption of FA to the 

Chlorella Vulgaris microalgae at pH 6 and under other 

above-specified conditions (Fig. 3b) indicates that FA 

biosorption by Chlorella Vulgaris microalgae increased with 

increasing temperature from  5 to 30 ℃ and  decreased  with 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

further increase in temperature. The decrease in sorption at 

higher temperatures is due to the decrease in the stability of 

microalgae, as the best temperature for microalgae growth is 

20 to 30 ℃ [25].  

      The effect of contact time of up to 30 min on the 

biosorption of FA by the Chlorella Vulgaris microalgae in a 

pH of 6 and at room temperature is shown in Fig. 3c. As is 

observed, FA removal by Chlorella Vulgaris microalgae 

increased up to 98% with increasing the contact time from        

0 to 22 min, and then became constant, indicating the 

achievement of equilibrium in the system. Thus, the 

bioaccumulation of  FA onto Chlorella Vulgaris  microalgae  

 

 
Fig. 3. The effect of different parameters on the efficiency of Chlorella vulgaris microalgae in the removal of formaldehyde: 

a) pH, b) temperature, c) time, and d) sorbent amount. Conditions: initial formaldehyde concentration 180 mg l-1; stirring 

speed 150 rpm; sample volume 50 ml (a) contact time 30 min; sorbent amount of 2.5 mg. (b) contact time 30 min, sorbent 

amount of 2.5 mg, pH of 6. (c) sorbent amount of 2.5 mg, pH = 6 and temperature 30 °C. (d) pH = 6, temperature 30 °C, 

contact time 22 min. 
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is achieved in about 22 min with a maximum removal 

efficiency of 98%.  

      The effect of amounts of the sorbent (0.0 to 9.0 mg) on 

the FA removal was also considered. The experiments were 

conducted with 180 mg l-1 of FA, pH of 6.0, room 

temperature, and contact time of 25 minutes. Figure 3d. 

shows that the FA bioaccumulation increased rapidly to a 

maximum of 98% by increasing the microalgae up to 2.5 mg 

and then became constant at a higher amount of sorbent. It 

can be stated that at a low amount of microalgae, its active 

sites are not enough for the complete sorption of FA. 

However, increasing the microalgae up to 2.5 mg provides 

sufficient sites for the bioaccumulation of FA [26].  Thus                 

2.5 mg microalgae were chosen as the optimum amount in 

subsequent studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equilibrium Isotherm Analysis  
      The equilibrium relationship between the amount of FA 

on the microalgae and its equilibrium concentration in 

solution at constant temperature expressed by sorption 

isotherms is shown in Fig. 4 and the related information is 

summarized in Table 2. The data show that in comparison to 

Freundlich (R2 = 0.8455), Temkin (R2 = 0.9772), and 

Dubinin-Radushkevich ((R2 = 0.0693) models, the Langmuir 

isotherm with a higher determination coefficient (R2 = 

0.9997) is the most fitted one for the sorption of FA to 

microalgae. Thus, a homogeneous layer of FA molecules 

covers the sorbent surface and the sorption of each FA 

molecule has equal activation energy indicating the 

homogeneity of the sites of Chlorella Vulgaris microalgae.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

Fig. 4. The sorption isotherms of formaldehyde on the microalgae a) Langmuir, b) Freundlich, c) Temkin, and d) Dubinin-

Radushkevich.  
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Table 2. Kinetic Constants and Determination Coefficients of Pseudo-first-order, Pseudo-second-order, Intra-particle 

Diffusion, and Elovich Kinetic Models of the Sorption of Formaldehyde on Chlorella Vulgaris Microalgae 

  

Isotherm Model Linear equation Parameters Value 

Pseudo-first-order ln (q − q ) = ln q − k
t

2.303
 qe (mg g-1) 97 

k1 (min-1) 0.18 

R2 0.9176 

Pseudo-second order t

q
=

1

k q
+

t

q
 qe (mg g-1) 101.01 

k2 (min-1) 54.45 × 102 

R2 0.9988 

Intra-particle diffusion  q = K  t + C K  (g  min ) 

C 

3.228 

76.624 

R2 0.7082 

Elovich   q =
1

β
 ln (αβ) +

1

β
 ln (t) α (mg g  min  ) 5.257 × 103 

β (g mg-1) 0.104 

R2 0.9067 

 

  

  
Fig. 5. Kinetic modeling of sorption of formaldehyde on the microalgae a) pseudo-first-order, b) pseudo-second-

order, c) intra-particle diffusion, d) Elovich kinetic model. 
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Kinetic Studies 
       To determine the reaction kinetics, the sorption data 

were fitted to the pseudo-first-order, pseudo-second-order, 

intra-particle diffusion, and Elovich kinetic models (Fig. 5). 

The linear relationships of the equations and coefficients of 

correlation are presented in Table 2. As demonstrated, in 

comparison with other kinetic models of pseudo-first-order 

(R2 = 0.9176), intra-particle diffusion (R2 = 0.7082),                    

and Elovich (R2 = 0.9067), the pseudo-second-order with                     

R2 = 0.9988 is the best-fitted model for representing the 

sorption processes of FA to the microalgae. In other words, 

the chemical sorption mechanism predominates in the 

sorption of FA on the Chlorella Vulgaris microalgae. Thus, 

the occupancy rate of sorption sites is proportional to the 

square of the number of unoccupied sites, and chemical 

sorption is the rate-determining step of the sorption process 

[27].  
  
CONCLUSIONS  
 
      In this study, Chlorella Vulgaris green microalgae live 

cells were introduced as the nontoxic and environmentally 

benign sorbent for FA removal from aqueous solutions. The 

sorption behavior of FA was well-fitted with the Langmuir 

model demonstrating its monolayer sorption onto the 

Chlorella Vulgaris microalgae. The best kinetic model for 

FA sorption on Chlorella Vulgaris microalgae was the 

pseudo-second-order model, with a maximum sorption 

capacity of 180 mg g-1. This can be related to the availability 

of a large number of sites, and the functional groups at the 

sorbent surface for bonding to the FA molecules.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Furthermore, a comparison of the sorption capability of 

Chlorella Vulgaris with other reported sorbents for the 

removal of formaldehyde (Table 3) revealed that besides 

being environmentally friendly, and low-cost Chlorella 

Vulgaris as the sorbent, it has a higher capacity and 

compatible sorption equilibrium time than other reported 

sorbents. It should be also noted that Chlorella Vulgaris is 

used as the live cells for the sorbent, eliminating the need for 

consumption of high energy for its drying that makes it more 

suitable in terms of economic and environmental points of 

view. 
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Langmuir 

Langmuir 
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