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a b s t r a c t
In this work, a feasibility study into the treatment process of artificial leather wastewater using 
both activated and anaerobic sludge was performed. The effects of biomass concentration, dif-
ferent feed dilutions as well as the presence of a nutrient medium in both conditions were exam-
ined. The results indicated that as the mixed liquor suspended solids were increased from 800 to 
3000 mg/L, chemical oxygen demand (COD) removal increased 41% and 10% in aerobic and anaer-
obic conditions respectively. Adding nutrient medium had no significant effect on COD removal 
in both conditions. Under aerobic conditions and at a lower hydraulic retention time of 3 d, COD 
removal was about 99% while in anaerobic conditions and in similar situations maximum COD 
removal was up to 60% during 7 d. The effects of amendment of two carbon sources (glucose and 
methanol) were investigated and results indicated that in comparison with methanol, using glu-
cose as the carbon source could lead to higher COD removal, under anaerobic conditions (23%) 
while it has no significant effect at the aerobic condition. In conclusion, COD removal was higher 
under aerobic conditions than anaerobic conditions. Furthermore, dimethylamine concentration in 
treated wastewater under aerobic conditions was below the detected limit of the analyzer (<1 ppb).
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1. Introduction

Iran is located in the arid and semi-arid region of planet 
earth that faces a water crisis. Therefore, researchers con-
sider industrial wastewater treatment methods as an effi-
cient solution for challenging this problem. Industrial 
wastewater is classified as hazardous because it often con-
tains a wide range of toxic, resistant and bio-accumulative 
substances [1–3].

The artificial leather industry is known as a polluting 
industry in terms of high levels of dimethylformamide 
(DMF) in its discharge which is considered carcinogenic 

due to the presence of amine compounds. Therefore, its 
recovery from waste streams is of great importance. DMF 
is a colorless liquid that is miscible with water. It is a com-
mon solvent for chemical reactions and is a polar aprotic 
solvent with a high boiling point that is used as the sol-
vent to dissolve polyurethane resins and coat them on the 
base fabric in the production of artificial leather.

Generally, the distillation process has been the most 
popular method applied to reduce the harmful effect of 
DMF on the environment [4]. In this process, dimethylamine 
(DMA) is an intermediate formed during the distillation 
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process, had a high concentration in artificial leather [5]. 
Application of DMA and other aliphatic amines in numer-
ous other chemical and pharmaceutical industries and 
thus their discharge into water sources has raised con-
cerns due to the associated problems resulting from their 
toxicity and low biodegradability [6]. Furthermore, the 
presence of DMA may lead to hazardous material such as 
N-nitrosodimethylamine (NDMA), which is a potent car-
cinogen, being produced. The effective approach to achieve 
NDMA control is to remove its precursors such as DMA 
from waste streams being released into the environment 
that could help to reduce NDMA formation [7–11].

Various approaches have been proposed for removing 
these compounds from effluents, including physical, chem-
ical and biological methods. Physical and chemical methods 
are not recommended for the elimination of amine com-
pounds due to the high operational costs, low environmental 
compatibility and also the inability to completely eliminate 
the desired compounds [12]. However, biological methods 
are considered among the most promising candidates for the 
treatment of wastewater by researchers that could pave the 
way in reusing treated industrial effluents for agricultural 
purposes [13]. Biological treatment methods are divided into 
two categories including the use of pure microorganisms or 
mixed culture which is separated into aerobic and anaerobic 
methods. Previous studies have been focused on the bio-re-
moval of amine compounds from synthetic effluent using 
pure strains [9]. Few reports have focused on the investiga-
tion of DMA biodegradation using a mixed culture of micro-
organisms [7–11], for example, Wang et al. [10] utilized a 
mixed culture for removal of 4 different precursors of NDMA 
such as DMA, dimethylaminobenzene, dimethylformamide, 
and trimethylamine (TMA) using synthetic wastewater.

The most common procedure among the biological 
treatment method is the use of activated sludge or anaer-
obic sludge. Except for dissolved oxygen, temperature 
and pH, there are several affecting parameters in biologi-
cal treatment efficiency including the kind of substrate, 
hydraulic retention time (HRT), biomass and feed concen-
tration and addition of nutrient media which could affect 
microbial communication and diversity.

To the authors’ knowledge, there has not yet been 
any report on the biological treatment of actual waste-
water containing DMA, particularly regarding synthetic 
leather. Thus, the aim of the present study is to investigate 
the feasibility of the treatment process of artificial leather 
wastewater using both activated and anaerobic sludge and 
to make necessary comparisons. In addition, the effect of 
adding glucose and methanol, as the sources of carbon, 
on cell growth and biodegradation were evaluated.

2. Material and methods

2.1. Mixed culture

2.1.1. Aerobic mixed culture

The aerobic mixed culture was obtained from the sludge 
recycle stream of the sedimentation tank in a biological 
wastewater treatment plant of a drug manufacturing com-
pany (CinnaGen, Karaj, Iran). Initially mixed liquor sus-
pended solids (MLSS) of the sludge was 2,300 ± 100 mg/L.

2.1.2. Anaerobic mixed culture

The anaerobic sludge was obtained from the anaer-
obic lagoon of a drug manufacturing company (Osveh 
Company, Tehran, Iran). The anaerobic sludge was refrig-
erated at 4°C prior to being used in the experiments. 
The initial MLSS of sludge was 26,000 ± 200 mg/L.

2.2. Wastewater

The wastewater of artificial leather production was 
sampled from an artificial manufacturing factory located 
in Tehran, Iran. This wastewater was collected from con-
densed water vapors coming from the top of the distil-
lation column of the DMF recovery plant of this factory. 
The main characteristics of the artificial leather wastewater 
are presented in Table 1.

2.3. Adaptation of activated sludge to the wastewater

Activated sludge was acclimated to wastewater 
according to the method described by Yang et al. [11] 
in a period of 45 d. The activated sludge was fed into a 
sequencing batch reactor (SBR) of 5 L every 48 h contain-
ing 1 g glucose and 10% volume fraction of real waste-
water. The temperature of the reactor was kept constant 
at 30°C [14]. The sludge retention time was maintained 
in the SBR reactor for 24 h, at a HRT of 15 d, and batch 
tests were carried out afterward. Then, every 10 d, as the 
concentration of glucose was reduced, and the concentra-
tion of effluent in the feed was increased up to a certain 
point so that the concentration of the wastewater would 
reach 100%. During the acclimation period of the activated 
sludge, the nutrient media fed to the reactor had the fol-
lowing composition (g/L): MgSO4·7H2O (0.2), CaCl2·2H2O 
(0.02), KH2PO4 (1.5), K2HPO4 (1.5), and 10 mL of the trace 
element was used in the solution. The trace element solu-
tion included (mg/L): FeSO4·7H2O (300), MgCl2·4H2O (180), 
CoCl2·6H2O (106), Na2MoO4·2H2O (34) [11]. The pH was 
adjusted to 7–8 [14,15]. The activated sludge was aerated 
with a pump using a flow rate of 4.5 L/min and the rate of 
aeration was adjusted to ensure that the dissolved oxygen 
concentration in the tank was always kept above 3 mg/L 
[14]. In this project, one factor at a time method was used 
instead of an experimental design for optimization [16,17].

2.4. Biodegradation experiments

2.4.1. Aerobic biodegradation

Batch experiments were conducted in 100 mL serum 
bottles. The working volume containing wastewater, 

Table 1
Wastewater characteristics

Parameter Value

Chemical oxygen demand 1,500 mg/L
Total organic carbon 552 mg/L
Dimethylamine 991 mg/L
pH 11
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nutrient media and activated sludge was 20 mL. The ini-
tial MLSS was set at 3,000 mg/L. Samples were shaken on 
a rotary shaker at 170 ± 2 rpm and 30°C ± 2°C. During days 
0, 1, and 3 of the batch experiments, samples were taken 
from serum bottles, for chemical oxygen demand (COD) 
measurement. To investigate the effect of co-substrate as the 
carbon source, 1g glucose or methanol with COD of around 
1,000 mg/L was added to the serum bottle. The amount of 
glucose was measured using test kits at 0, 12, and 24 h under 
aerobic conditions [18,19].

To assess the kinetics of the pollutant removal, batch 
experiments were performed with 1g glucose and waste-
water as the carbon source.

The sorption experiments of wastewater were per-
formed on sterilized sludge using an autoclave. After being 
in a shaker incubator for 72 h, measurements and control 
were conducted based on the reduction of COD. All the bio-
degradation and sorption experiments were conducted in 
triplicate.

2.4.2. Anaerobic biodegradation

800 mL serum bottles were utilized to carry out the 
anaerobic experiments. 500 mL of the serum bottles were 
filled with anaerobic sludge and wastewater. The serum 
bottles were shaken on a rotary shaker at 170 ± 2 rpm. 
The temperature of the liquor was adjusted at 35°C ± 2°C. 
The samples were flushed with nitrogen gas for 20 min to 
make the anaerobic condition. The effect of different val-
ues of MLSS on removal efficiencies was investigated. 
The serum bottles were fed every 7 d using initial wastewa-
ter, then the sludge was given after 1h to sediment before 
the top liquor being taken. This procedure was repeated 
3 times. The test occurred every 7 d, on days 7, 14 and 21, 
using glucose as the co-substrate and in two CODs, that is, 
1,984 ± 80 and 1,016 ± 65 mg/L, respectively. In addition, 
methanol was investigated as the co-substrate in two CODs, 
that is, 1,126 ± 65 and 792 ± 50 mg/L, respectively. All the 
biodegradation experiments were carried out in triplicate 
under anaerobic conditions.

2.5. Analytical methods

The MLSS content of sludge was measured according 
to the Standard Methods [20]. The growth of microorgan-
isms was measured by monitoring optical density (OD) at 
600 nm using a UV-Vis spectrophotometer (JASCO-Japan, 
V550). Then the biomass concentration was estimated apply-
ing a calibration curve of OD600 vs. dry weight (per liter).  

The COD was measured according to 5220D Standard 
Methods (Association and Association, 1989). To determine 
the COD values, samples were centrifuged at 8,000 rpm for 
30 min [11]. DMA was measured by means of a gas chroma-
tography instrument (GC) (Yang Lin, ACME-6100) equipped 
with a helium ionization detector and a capillary column 
TRACSIL TRB-5 (30 m × 0.53 mm × 3.0 µm) [21]. Before injec-
tion, 0.1 mL of 2.5 M NaOH was added to 1 mL of sample, 
then serum bottles were sealed using rubber septa and alu-
minum crimp cap. To reach vapor-liquid equilibrium, sam-
ples were maintained at 35°C for 24 h then the concentra-
tion of DMA of the gas phase was determined via injecting 
headspace gas into the GC instrument. The temperature of 
both injector and detector ports was 200°C. The oven tem-
perature was initially set at 35°C, which was then raised to 
70°C at a rate of 10°C min–1 and then was finally maintained 
at 70°C for 1 min. Helium at 20 mL/min was applied as the 
carrier gas in gas chromatography. Formaldehyde was mea-
sured by means of a spectrophotometer according to the 
method described by Eiroa [22]. To measure the amount 
of COD that was adsorbed by the microorganisms, firstly, 
the microorganisms were sterilized in autoclaved and they 
were inactivated, then a solution with specified COD was 
added to the solution containing inactivated microorgan-
isms. Since they were inactivated, COD was only adsorbed 
on the surface of the microorganisms and there was no COD 
reduction from the biodegradation process. Adsorbed COD 
was obtained by deducing of final COD from the initial COD.

3. Results and discussion

3.1. Effect of biomass concentration on removal efficiency of COD

The effect of MLSS on the removal efficiency under 
aerobic and anaerobic conditions is shown in Table 2. 
According to Table 2, when MLSS was raised from 800 
to 3,000 mg/L, the removal efficiency of COD grew by 
almost 30% and 10% in aerobic and anaerobic conditions 
respectively. Indeed, increasing MLSS concentration lead 
to an increase in the removal efficiency of toxic waste-
water due to the increase of Sthreshold and the reduction of 
inhibitory effect. According to previous outcomes, the 
kinetic model of biodegradation changes from Haldane to 
Monod because of the increasing floc’s size, the decrease of 
F/M and increasing resistance to toxic materials [23].

Under both aerobic and anaerobic conditions, due to 
the fixed initial concentration of the COD values, as the 
MLSS grew the F/M ratio showed a drop from 1.7 to 0.4 
which was reported as the suitable levels of F/M ratio [24].

Table 2
Effect of MLSS on removal efficiency of COD in aerobic and anaerobic condition

Process Initial COD  
(mg/L)

Final COD  
(mg/L)

Initial MLSS  
(mg/L)

Initial  
F/M

Removal 
efficiency %

Aerobic
1,335 ± 100 605 ± 10 800 ± 90 1.7 55
1,249 ± 90 54 ± 2 3,000 ± 200 0.4 96

Anaerobic
1,321 ± 60 971 ± 20 800 ± 90 1.7 27
1,321 ± 60 835 ± 15 3,000 ± 200 0.4 37
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According to Table 2, as F/M decreased, the removal 
efficiency of COD grew. Also, since the concentrations of 
initial feed and also MLSS concentration are two influen-
tial factors that can vary F/M, the effect of different feed at 
fixed MLSS concentration was needed to be studied. These 
experiments were performed. As presented in Table 3,  
under aerobic conditions, increasing the COD of the feed 
caused no obvious change in the removal efficiency whereas, 
under anaerobic conditions, a decrease of 21% was observed.

The result of Table 2 also shows that the removal 
efficiency in aerobic conditions was found to be 96%, 
at a maximum concentration of biomass and after 72 h. 
However, the results achieved for the anaerobic system 
indicated a lower removal efficiency of 37% after 7 d.

Previous reports show contradictory results about 
the removal efficiency of wastewater containing aromatic 
amines in aerobic and anaerobic conditions. For exam-
ple, results of Meiberg and Harder [25] showed that the 
removal efficiencies of DMA and TMA from synthetic 
effluent in aerobic condition were higher than anaerobic; 
However, Wang et al. [10] indicated that the anaerobic pro-
cess with 95% of efficiency in comparison with 99% of the 
aerobic process using different low concentrations of DMA.

In this study, by two reasons of adaptation of sludge 
and the effect of toxicity on methanogenic microorgan-
isms, the anaerobic condition has a lower efficiency than 
aerobic condition. Adaptation of anaerobic sludge was 
not done because the sample of sludge was taken from a 
wastewater treatment plant containing aromatic amines 
materials, while the activated sludge was acclimated for 
a period of 45 d by means of the stepwise method. The 
investigation conducted by Arabjafari et al. [23] proved 
that the duration of adaptation affects the efficiency of 
elimination, in biological treatment. Methanogen bacte-
ria are considered highly sensitive to toxicity. Hence, the 

non-compatibility of sludge to the wastewater leads to 
a decrease in the total efficiency of the process [26]. The 
result of Wang et al. [10] that shows similar efficiency 
between aerobic and anaerobic conditions was due to low 
concentration of these compounds (low than µg/L).

To investigate the effect of acclimation, the study 
has been performed using 3 passages in which different 
CODs have been applied in order to investigate the influ-
ence of consecutive passages on the effectiveness of the 
anaerobic process (Table 4).

As it is illustrated in Table 4, at constant values of the 
initial COD, moving from each passage to the next one, 
the removal efficiency grew successively which could indi-
cate the adaptation of the sludge to the input wastewater.

3.2. Effects of adding nutrient media to actual 
wastewater on removal efficiency

As seen in Table 5, at almost equal values of the initial 
COD, initial MLSS of 3,000 mg/L and adding nutrient media 
under aerobic and anaerobic conditions had no significant 
effect on the removal efficiency when the wastewater was 
used as the sole source of carbon.

Table 3
Effect of different initial COD on removal efficiency

Process Initial COD  
(mg/L)

Final COD  
(mg/L)

Initial MLSS  
(mg/L)

Initial  
F/M

Removal  
efficiency %

Aerobic
709 ± 30 36 ± 2 3,000 ± 200 0.2 95
1,249 ± 70 54 ± 5 3,000 ± 200 0.4 97
1,493 ± 60 99 ± 7 3,000 ± 200 0.5 93

Anaerobic
988 ± 20 607 ± 5 3,000 ± 200 0.3 39
1,321 ± 60 835 ± 20 3,000 ± 200 0.4 37
1,466 ± 70 589 ± 60 3,000 ± 200 0.5 60

Table 4
Variation of output COD during different days in the presence of glucose and methanol under anaerobic condition

Initial COD  
(mg/L)

Removal efficiency  
at 1st period (%)

Removal efficiency  
at 2nd period (%)

Removal efficiency 
at 3rd period (%)

1,984 ± 80 53 63 82
1,016 ± 65 20 65 82
1,126 ± 65 31 37 62
792 ± 50 12 44 57

Table 5
Effect of adding nutrients on COD removal efficiency

Process Initial COD  
(mg/L)

Final COD  
(mg/L)

Removal  
efficiency %

Nutrient

Aerobic
1,493 ± 100 99 ± 5 93 +
1,249 ± 90 54 ± 2 97 –

Anaerobic
1,147 ± 50 744 ± 20 35 +
1,321 ± 60 835 ± 15 37 –
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Kim et al. [21] observed similar results using TMA as 
the carbon and nitrogen source. Their results also proved 
that under aerobic and anaerobic conditions, the nutrient 
medium had a negligible effect on the removal efficiency. 
Khalili and Bonakdarpour [27] reported that by increas-
ing the level of nutrient material in the activated sludge 
which was used anaerobically, a fall in the removal effi-
ciency of dye occurred. While Azizollahzade et al. [28] 
showed that increasing nutrient media in synthetic efflu-
ents could lead to a rise in removal efficiency of the anaer-
obic sludge. The used wastewater in these researches was 
synthetic, but their outcomes are contradictory. But in real 
wastewater due to the presence of macronutrients such 
as nitrogen and phosphorous, the addition of phospho-
rous and micronutrient media has no notable influence on 
removal efficiencies. It is noticeable that the concentration 
of nitrogen and phosphors inside the wastewater before 
supplementing external nutrients was 15.6 and 0 mg/L  
respectively.

3.3. Effects of co-substrate on removal efficiency of COD

Under both aerobic and anaerobic conditions, the 
effects of glucose and methanol as the carbon sources were 
studied. The results are reported in Table 6. As shown, 
by adding glucose, the removal efficiency under aerobic 
conditions was increased from 96% to 99%; whereas, add-
ing methanol caused the removal efficiency to drop from 
96% to 65%.

On the other hand, under anaerobic conditions, by add-
ing glucose, the removal efficiency improved from 37% 
to 57%; while, adding methanol made no change in the 
removal efficiency (37% to 37%).

According to literature, adding external carbon 
source in both aerobic and anaerobic conditions lead to 
the enriching of cultures by which the efficiency of COD 
removal increase.

3.4. COD, total organic carbon, DMA and microbial growth 
variation vs. time under aerobic condition

According to Table 6, it was found that under aerobic 
conditions, by adding glucose with MLSS = 3,000 ± 200 mg/L 
and F/M = 0.7 the maximum removal efficiency was 
achieved. Therefore, the investigation of COD, total organic 
carbon (TOC), DMA and microbial growth variation with 
time was performed under these conditions.

The results of COD variation vs. time (during 72 h) are 
shown in Fig. 1. As shown, the highest removal efficiency 
of COD was observed during the first 24 h.

The kinetic model of the COD removal efficiency under 
aerobic condition can be represented by the following 
equation [29,30]:

−
=

dC
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kCn  (1)

where C is the concentration of COD (mg/L), t is time (h) 
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Eq. (2) when n = 1 and in Eq. (3) when n ≠ 1:
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For n = 2 Eq. (3) is simplified to the following equation:
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where C0 is initial concentration of COD (mg/L) at t = 0. 
In order to elucidate the order of reaction, data were re- 
plotted as (1/C) vs. t (Eq. (4)) or lnC vs. t (Eq. (2)). The R2 
obtained from the variation of the COD concentration is 
quite compatible with the second-order equation (R2 = 0.99).

Also, TOC variation vs. time is reported in Fig. 2. Same 
as COD, the maximum TOC removal was obtained in 
early 24 h. The total removal efficiency of TOC was up to 96%.

The TOC removal efficiency can also be obtained using 
Eqs. (1)–(3) by setting the concentration of TOC in the 
equation instead of the COD. It was noticed that the TOC 
removal efficiency is quite compatible with the second- 
order equation as R2 = 1 was obtained while applying the 
first- order equation led to a R2 = 0.7 which means little 
compatibility. Also, the second-order equation can be consi-
dered as the kinetic model of the TOC removal efficiency.

As the COD value determined by glucose was 1,000 mg/L 
and the COD of wastewater was assumed 1,461 mg/L, glu-
cose was measured using test kits, and the results showed 
that it was consumed within the first 12 h and afterward 

Table 6
Effect of co-substrates on COD removal efficiency in aerobic and anaerobic conditions

Process Initial COD  
(mg/L)

Final COD  
(mg/L)

Removal  
efficiency %

Co-substrate

Aerobic
1,249 ± 70 54 ± 2 96 –
2,391 ± 80 29 ± 2 99 Glucose (1 g/L)
1,910 ± 40 670 ± 15 65 Methanol (1 g/L)

Anaerobic
1,321 ± 60 835 ± 20 37 –
2,711.5 ± 80 1,111 ± 70 59 Glucose (1 g/L)
2,143 ± 80 1,350 ± 20 37 Methanol (1 g/L)
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DMA was eliminated within 3 d. The complete removal of 
DMA can be seen in Figs. 3a–c, which is related to the days 
0, 1 and 3 respectively that the concentration of DMA was 
1,000, 800 and 0 ppm (Fig. 3). Also, the TOC data confirm 
the complete removal of DMA.

As the COD value determined by glucose was 
1,000 mg/L and the COD of wastewater was assumed 
1,461 mg/L, glucose was measured using test kits, and 
the results showed that it was consumed within the 
first 12 h and afterward DMA was eliminated within 
3 d. Due to the result of formaldehyde and Fig. 3c show 
that DMA was removed. As a calibration curve at this 
COD, DMA was measured at 1,000 ppm. The removal 
efficiency of COD showed that DMA was removed.

According to Fig. 3, the peak of DMA was not observed, 
because the concentration of DMA was lower than the 
detection limit of the analyzer (<1 ppb).

Fig. 4 shows the changes of formaldehyde concen-
tration during 72 h under aerobic conditions.

Under the aerobic conditions, COD removal occurred 
in 3 d because of that, formaldehyde was investigated in 
3 d. During the first 24 h, it was observed that the initial 
formaldehyde and glucose were removed successfully. 
Then, at t = 60 h, formaldehyde was re-produced which 
could refer to the biodegradation of DMA (Wang et al. 
[10]). After that, at t = 72 h, the produced formaldehyde 
started to disappear. It should be noted that 2.2 mg/L of 
formaldehyde was not eliminated which could be a jus-
tification for the final COD in the system, according to 
the pathway presented by Fournier et al. [7] formaldehyde.

According to the pathway presented by Fournier et al. 
[7], DMF is degraded to formaldehyde and methylamine. 
Formaldehyde concentration was measured during 3 d of 
the aerobic experiment. As shown in Fig. 4, at the begin-
ning of the experiment 6 mg/L of formaldehyde is present 
in the real wastewater which could be owing to the con-
version of the amine compounds due to hydrolysis or the 
variation of pH of the wastewater. During the first 24 h, it 
was observed that the initial formaldehyde was removed 
successfully. Then, at t = 60 h, formaldehyde was re- 
 produced which could refer to the biodegradation of DMA 
[10]. After that, at t = 72 h, the produced formaldehyde 
started to disappear.

The growth rate of microorganisms was also examined 
at different hours and the results are presented in Fig. 5.

According to Fig. 5, microorganisms undergo a log 
phase during the first 16 h in the presence of glucose. In 
this time, 20% of DMA was removed while glucose was 
removed completely because the microorganisms grew 
well in the presence of glucose. By increase of micro-
organism population and their tolerance towards new 
conditions, the rate of DMA removal increased and the 
maximum DMA removal took place at the stationary phase.  
Finally, by complete consumption of nutrients, the death 
phase had occurred.

4. Conclusion

In the present work, a feasibility study into the treat-
ment process of artificial leather wastewater using both 
activated and anaerobic sludge was performed. The effect 
of biomass concentration, adding the external carbon 
sources, nutrient media on COD removal was taken into the 
investigation as well.

The results illustrated that increasing the biomass 
concentration from 800 to 3,000 mg/L resulted in removal 
efficiencies of approximately 21% and 10% in aerobic 
and anaerobic states, respectively. By increasing F in con-
stant biomass concentrations, to the extent in which F/M 
remains less than 0.5, removal efficiencies under both aer-
obic and anaerobic conditions were not changed signifi-
cantly. Adding nutrient media had no significant effect on 
the removal efficiency. The results show that the addition 
of glucose enhanced COD removal efficiency in both con-
ditions especially in anaerobic conditions while the neg-
ative effect of methanol addition was observed in aerobic 
conditions. The removal efficiency under both aerobic and 
anaerobic conditions, after the compatibility period, in the 
presence of glucose as the carbon source, was estimated 
to be 96% in 3 d and 82% in 7 d. The removal efficiency of 
COD, TOC, formaldehyde, as well as DMA was investigated 
during 3 d in an aerobic run. Removal kinetic of DMA fit-
ted with second-order and it was found that the kinetic 
model of TOC removal efficiency was of the same order.
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The analysis of formaldehyde during a run indicated 
that DMA was changed to formaldehyde and then miner-
alized to CO2 as supported by gas chromatography result 
and TOC test.

Acknowledgment

The authors wish to thank Dr. Aref Shokri (aref.shokri3@
gmail.com) for his scientific help in this project.

References
[1] M. Mohadesi, A. Shokri, Evaluation of Fenton and photo-

Fenton processes for the removal of p-chloronitrobenzene in 
aqueous environment using Box–Behnken design method, 
Desal. Water Treat., 81 (2017) 199–208.

[2] A. Shokri, A. Hassani Joshagani, Using microwave along with 
TiO2 for degradation of 4-chloro-2-nitrophenol in aqueous 
environment, Russ. J. Appl. Chem., 89 (2016) 1985–1990.

[3] A. Shokri, M. Salimi, T. Abmatin, Employing Photo Fenton and 
UV/ZnO processes for removing Reactive red 195 from aqueous 
environment, Fresenius Environ. Bull., 26 (2017) 1560–1565.

[4] X.B. Liao, C. Chen, J.X. Zhang, Y. Dai, X.J. Zhang, S.G. Xie, 
Dimethylamine biodegradation by mixed culture enriched 
from drinking water biofilter, Chemosphere, 119 (2015) 935–940.

[5] W.A. Mitch, D.L. Sedlak, Characterization and fate of 
N-nitrosodimethylamine precursors in municipal wastewater 
treatment plants, Environ. Sci. Technol., 38 (2004) 1445–1454.

[6] M. Krauss, P. Longrée, E. van Houtte, J. Cauwenberghs, 
J. Hollender, Assessing the fate of nitrosamine precursors 
in wastewater treatment by physicochemical fractionation, 
Environ. Sci. Technol., 44 (2010) 7871–7877.

[7] D. Fournier, J. Hawari, A. Halasz, S.H. Streger, K.R. McClay, 
H. Masuda, P.B. Hatzinger, Aerobic biodegradation of 
N-nitrosodimethylamine by the propanotroph Rhodococcus 
ruber ENV425, Appl. Environ. Microbiol., 75 (2009) 5088–5093.

[8] P.B. Hatzinger, C. Condee, K.R. McClay, A.P. Togna, Aerobic 
treatment of N-nitrosodimethylamine in a propane-fed 
membrane bioreactor, Water Res., 45 (2011) 254–262.

[9] K.-L. Ho, Y.C. Chung, Y.-H. Lin, C.-P. Tseng, Biofiltration 
of trimethylamine, dimethylamine, and methylamine by 
immobilized Paracoccus sp. CP2 and Arthrobacter sp. CP1, 
Chemosphere, 72 (2008) 250–256.

[10] L. Wang, Y.M. Li, X.L. Shang, J. Shen, Occurrence and removal 
of N-nitrosodimethylamine and its precursors in wastewater 
treatment plants in and around Shanghai, Front. Environ. Sci. 
Eng., 8 (2014) 519–530.

[11] C.-F. Yang, C.-C. Wang, C.-H. Tseng, Methylamine removal 
using mixed bacterial strains in a continuous stirred tank 
reactor (CSTR) system, Int. Biodeterior. Biodegrad., 85 (2013) 
583–586.

[12] C.-S. Ye, H.-X. Wang, G.-Q. Huang, T. Qiu, Adsorption and 
desorption of DMF on macroporous resin NKA-II in the 
fixed bed, Chem. Eng. Res. Des., 91 (2013) 2713–2720.

[13] G. Busca, C. Pistarino, Abatement of ammonia and amines from 
waste gases: a summary, J. Loss Prev. Process Ind., 16 (2003) 
157–163.

[14] B. Kokabian, B. Bonakdarpour, S. Fazel, The effect of salt on 
the performance and characteristics of a combined anaerobic–
aerobic biological process for the treatment of synthetic 
wastewaters containing Reactive black 5, Chem. Eng. J., 
221 (2013) 363–372.

[15] R. Vidhya, A. Thatheyus, Biodegradation of dimethyl-
formamide using Bacillus subtilis, Am. J. Microbiol. Res., 
1 (2013) 10–15.

[16] A. Shokri, The treatment of spent caustic in the wastewater 
of olefin units by ozonation followed by electrocoagulation 
process, Desal. Water Treat., 111 (2018a) 173–182.

[17] A. Shokri, Employing electro coagulation for the removal of 
Acid red 182 in aqueous environment using Box–Behenken 
design method, Desal. Water Treat., 115 (2018b) 281–287.

[18] S. Sanjari, A. Naderifar, G. Pazuki, Modeling and optimization 
of Î²-Cyclodextrin production by Bacillus licheniformis using 
artiïcial neural network and genetic algorithm, Iran J. 
Biotechnol., 11 (2013) 223–232.

[19] S. Sanjari, F. Vahabzadeh, Experimental studies and kinetic 
modeling of cyclodextrin glucanotransferase production from 
starch with the use of Bacillus sp. DSM 2523, Starch, 66 (2014) 
606–614.

[20] APHA, AWWA, Standard Methods for the Examination of 
Water and Wastewater, American Public Health Association, 
New York, 1989.

[21] S.G. Kim, H.S. Bae, S.T. Lee, A novel denitrifying bacterial 
isolate that degrades trimethylamine both aerobically and 
anaerobically via two different pathways, Arch. Microbiol., 
176 (2001) 271–277.

[22] M. Eiroa, A. Vilar, C. Kennes, M.C. Veiga, Biological treatment 
of industrial wastewater containing formaldehyde and formic 
acid, Water SA, 32 (2005) 115–118.

[23] M. Arabjafari, N. Fallah, M. Dadvar, B. Nasernejad, Kinetic 
modeling of styrene biodegradation by Rhodococcus erythropolis 
PTCC 1767: effect of adaptation to styrene and initial biomass 
concentration, Chem. Eng. Commun., 204 (2017) 182–189.

[24] Y.S. Wei, R.T. Van Houten, A.R. Borger, D.H. Eikelboom, 
Y.B. Fan, Minimization of excess sludge production for bio-
logical wastewater treatment, Water Res., 37 (2003) 4453–4467.

[25] J.B.M. Meiberg, W. Harder, Aerobic and anaerobic metabolism 
of trimethylamine, dimethylamine and methylamine in 
Hyphomicrobium X, Microbiology, 106 (1978) 265–276.

[26] M.H. Van Agteren, S. Keuning, D. Janssen, Handbook on 
Biodegradation and Biological Treatment of Hazardous Organic 
Compounds, Science & Business Media, Springer, Netherlands, 
2013.

[27] Z. Khalili, B. Bonakdarpour, Statistical optimization of 
anaerobic biological processes for dye treatment, CLEAN–Soil 
Air Water, 38 (2010) 942–950.

[28] A. Azizollahzadeh, Construction and Evaluation of the 
Performance of an Anaerobic Membrane Bioreactor for 
Purification of Petrochemical Wastewater, M.Sc. Thesis, 
Environmental Group, University of Amirkabir (Polytechnique), 
Persian, Tehran, Iran, 2013.

[29] A. Shokri, A kinetic study and application of electro-Fenton 
process for the remediation of aqueous environment containing 
toluene in a batch reactor, Russ. J. Appl. Chem., 90 (2017) 
452−457.

[30] A. Shokri, Employing sono-Fenton process for degradation of 
2-nitrophenol in aqueous environment using Box–Behnken 
design method and kinetic study, Russ. J. Phys. Chem. A, 93 
(2018) 243–249.


