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Abstract: 

N,N-dimethylformamide (DMF) was a typical toxic chemical and existed extensively in industrial 

wastewater. In this study, a strain of the high-efficient DMF degrading bacteria DMF-3 belonging 

to Paracoccus sp. was enriched and isolated from activated sludge. The removal rate of DMF by 

DMF-3 was up to 100% while 1000mg/L DMF was used as the sole carbon and nitrogen source. 

Growth kinetics model of DMF-3 was thus established, and the kinetic constants were determined 

with maximum specific growth rate μmax=0.22 (h
-1

), saturation constant Ks =0.41 (g/L) and 

inhibition constant Ki =25.93 (g/L). Based on the analysis of the intermediate products, it was 

found that DMF was firstly converted into dimethylamine and formic acid, and these intermediates 

were finally degraded to ammonia and carbon dioxide following the typical metabolic pathway of 

methylotrophs. In addition, to enhance the degrading capacity of DMF-3 in high DMF 

concentration, ultraviolet mutagenesis process was applied. Compared with the usage of the original 

strain of DMF-3, the degradation rate was increased by 14.8% with the usage of obtained mutant 

strain with applied initial DMF concentration 10000mg/L. 
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1. Introduction 

N,N-dimethylformamide (DMF) has been applied as an important organic solvent and raw material 

for the chemical industry for decades [1]. However, increasing awareness of the environmental and 

health hazards of the DMF has been drawn due to its excessive application and discharge [2, 3]. 

Some studies reported that DMF could lead to the teratogenesis and death of zebrafish embryos[4]. 

It was also found that DMF could enter the organs of the human body via respiratory tract, digestive 

tract and skin touch, which could affect cell differentiation and thus induce hepatotoxicity as well as 

cause the damage of nervous centralis and kidney [5, 6]. DMF was listed as a cancerogen [7]. 

 

DMF widely existed in the drainage of chemical and related industries. Strict emission limits were 

therefore established in many countries. To meet these standards, a series of treatment methods 

were developed to eliminate the DMF from wastewater. The main treatment approaches could be 

classified as physic-chemical methods, chemical methods and biological methods. 

 

Classical physic-chemical methods included distillation, extraction and adsorption [8]. The main 

drawbacks of such methods were high energy consumption during the distillation as well as the 

environmental risks of potential secondary pollutants from the extraction agent and used adsorbent. 

Hydrolyzation was the most common approach among the chemical methods [9]. During the 

treatment process, sodium hydroxide was added in the DMF containing wastewater, in which DMF 

was transformed into formate and dimethylamine. Then the dimethylamine was separated from the 

liquid by air and then combusted by oxygenized air. Some advanced oxidization methods were also 

used for the removal of DMF, such as Fenton method and photocatalytic oxidation method [10, 11]. 

However, although the chemical methods were efficient, the running cost was expensive. It was 
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more applicable for the liquid with extremely high concentrations of DMF, which was rather 

unusual in the practical condition.    

 

More recently, biological methods have received increasing attention from the researchers with the 

economically and environmentally friendly characteristics. It was found that algae and activated 

sludge could facilitate the removal of DMF from wastewater [12]. Further studies indicated that 

various kinds of bacteria could degrade the DMF directly, which played an important role in the 

removal process of the DMF in natural condition. Ghisalba et al. firstly isolated a series of DMF 

degrading bacteria belonging to Pseudomonas sp. [13]. After that, the bacteria belonging to 

different species were also isolated, including Alcaligenes sp., Bacillus sp., Methylobacterium sp. 

and Paracoccus sp. [14-17]. Some of the bacteria could only decompose DMF after adding 

additional carbon or nitrogen source, and some strains could be inhibited in the presence of high 

concentrations of DMF [18]. Therefore, the isolation of the high-efficient strains using DMF as the 

sole carbon and nitrogen source could be more beneficial for the biological treatment of DMF in 

practical engineering. Also, the basic degrading mechanisms are still controversial, and different 

DMF degrading pathways were presented. According to previous research, different intermediate 

products existed. For instance, the DMF could be decomposed into either dimethylamine or 

methylformamide [13]. In addition, the growth kinetics of the DMF degrading bacteria were rarely 

studied, which could also contribute to the understanding of the nature of the DMF degrading 

bacteria. Furthermore, as an effective method for enhancing the biodegradation of organic 

compounds, mutagenesis process might also have positive effects on the decomposition of DMF. 

 

In this study, high-efficient DMF degrading bacteria using DMF as the sole carbon and nitrogen 
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source were enriched and isolated from activated sludge. The main environmental factors (i.e. pH 

and DMF concentrations) for the growth of the obtained DMF degrading bacteria were studied. The 

growth kinetics and the metabolic pathways of the degrading bacteria were examined. In addition, 

ultraviolet mutagenesis process was applied to further enhance the degrading capacity of the 

bacteria. 

 

2. Material and methods 

2.1 Enrichment and isolation of DMF degrading strains 

For getting the optimal DMF-degrading bacteria, samples were collected from different sources. 

The activated sludge was sampled from the secondary sedimentation tanks of two different 

full-scale municipal wastewater treatment plants (WWTPs) (Shenzhen, China) and a sewage 

treatment facility in a DMF manufacturing plant (Shandong, China). DMF was used as the sole 

carbon and nitrogen source for the enrichment process. In addition, a synthetic medium A described 

by Veeranagouda et al. was applied as the basic medium [19], which consisted of 6.8g/L 

K2HPO4,1.2g/L KH2PO4, 0.1g/L MgSO4·7H2O, 0.1g/L MnSO4·4H2O, 0.1g/L CaCl2·2H2O and 

0.1g/L FeSO4·7H2O, respectively, 0.006g/L Na2MoO7·2H2O. The pH of the medium was adjusted 

to 7.0 by 1 mol/L HCl and sterilized at 121
o
C. According to the previous studies, during the initial 

incubation of DMF degrading bacterium, the addition of succinic acid disodium salt as subsidiary 

carbon source could enhance the enrichment efficiency [19]. Therefore, 0.1 mol/L succinic acid 

disodium salt was also added in the medium. 

 

During the enrichment process, the activated sludge was diluted with distilled water by ten times 

and formed bacterium suspension as inoculums. After that, 5mL inoculums were transferred into 
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the Erlenmeyer flask with 45mL mixed medium, and 2000mg/L DMF and additional succinic acid 

disodium salt of 5mM in mixed medium. Afterwards, they cultivated on the shaker with 150r/min at 

30
 o

C for 7 days. After that, 10% of the mixture was transferred into 45mL mixed medium for 

cultivation, the concentration of DMF was increased to 5600mg/L and the addition of succinic acid 

disodium salt decreased to 4mM. Then the whole cultivation process was repeated for another 4 

times. The concentrations of the DMF in the mixed medium for each cultivation process was 

9200mg/L, 12800mg/L, 16400mg/L and finally 20000mg/L, while the amount of succinic acid 

disodium salt added decreased to 3mM, 2mM,1mM and finally to 0mM. 

 

After enrichment, streak plate method was used to isolate DMF degrading bacteria from the 

enrichment culture with the application of mixed medium with 1000mg/L DMF and additional 2% 

agar at 30
 o
C. The single colonies were selected after the bacterial colonies grew on the plate culture. 

Then the selected colonies were cultivated with the same process again for 3-4 times until the pure 

colony was attained.   

 

2.2 Screening of DMF degrading strains 

To select the strains with the highest DMF degradation efficiencies, the attained strains were further 

screened. The isolated pure colonies in section 2.1 were incubated for 24h with the application of 

mixed medium with 1000mg/L DMF and additional 2% agar at 30
 o
C. Then the cultivated strains 

were mixed with 5mL sterile water and formed bacterium suspension. 1mL of the bacterium 

suspension was sampled and centrifuged at 10000rpm for 5min. The centrifuged pellet was 

collected and washed twice by distilled water and re-suspended in 5mL of medium A. Then 0.1 mL 

of the suspension inoculums was incubated in 100mL medium A with the addition of 5000mg/L 
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DMF on the shaker with 150r/min at 30
 o
C. After 48h, the culture was centrifuged again, and the 

liquid supernatant was filtered by filter membrane with 0.22 μm. The concentrations of DMF were 

measured using gas chromatograph (6980N, Agilent).  

The removal rate of DMF was calculated as follows: 

R (%) = %100
DMF

DMFDMF

0

e0 


   

Where DMF0 was the concentration of DMF in the initial culture (mg/L); DMFe was the 

concentration of DMF in the culture suspension supernatant after 48h incubation. 

After that, the strains with the optimal DMF removal rate were chosen for further study. 

 

2.3 DNA extraction and PCR amplification 

Total DNA from the DMF degrading strains were extracted by Fast SPIN Kit for Soil (Biotake. Co, 

China). 25 µl PCR reaction system consisting of 1 µl genomic DNA, 12.5µl ex-taq DNA 

polymerase, 1 µl of 25 µM forward primer (F27) and reverse primer (R1492), and 9.5 µl deionized 

water was constructred to amplify the 16S rRNA genes in the isolated DMF degrading strains. The 

PCR amplification process was done by a pre-denaturation step at 95 °C for 5 min, following by 30 

cycles of denaturation at 94 °C for 1 min, annealing at 60 °C for 30 s, extensions at 72 °C for 1min, 

and a final extension at 72 °C for 10 min. The amplification product was determined by agarose gel 

electrophoresis with standard methods. The obtained purified amplification products were sent to 

the Yingjun biotech company (Shanghai, China) for sequencing. The raw sequencing data were 

deposited to NCBI’s BankIt and was accessible through BankIt series accession no. MF681707.  

 

2.4 Effects of initial pH and DMF concentrations on the growth of strains 
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Effects of initial pH and DMF concentrations on the growth of the strains were investigated by 

batch tests (Table 1). To study the effect of initial pH on the growth of DMF-3, the suspension 

inoculums of DMF-3 attained in section 2.2 were added in the 500 mL Erlenmeyer flasks 

containing 200mL medium A with 5000mg/L DMF. The initial pH values were adjusted to 5.0, 6.0, 

7.0, 8.0, 9.0 by 1 mol/L HCl. The OD600 was used as the indicator of bacteria density. OD600 was 

sampled and measured in every 5 hours by spectrophotometer (type 721, Shanghai optical 

instrument Co.), and the batch tests lasted for 55h. After the optimum pH value was determined, the 

effect of initial DMF concentrations was studied with the optimal pH following the same procedure, 

the initial concentrations of DMF were sat as 0mg/L, 5000mg/L, 10000mg/L, 20000mg/L, 

30000mg/L, 40000mg/L, 50000mg/L, 60000mg/L.  

 

For further investigating the comprehensive relationships among the growth of biomass, the change 

of pH and the initial concentrations of DMF during the incubation process; four groups of batch 

tests were also designed (Table 2). The initial pH was sat as 6.0 and 7.0 while the initial 

concentrations of DMF were sat as 1000 and 5000mg/L. The suspension inoculums of DMF-3 

obtained in section 2.2 were added in the 500 mL Erlenmeyer flasks containing 200mL medium A 

with respective concentrations of DMF and pH value. OD600 and pH was sampled and measured in 

every 12 hours by spectrophotometer and pH meter (Mettler –Toledo), and the tests lasted for 84h 

(type 721, Shanghai optical instrument Co.).  

 

2.5 Growth dynamic constant of the strains 

For measuring the growth dynamic constant of the strains, the suspension inoculums DMF-3 

attained in section 2.2 were added in the 500 mL Erlenmeyer flasks containing 200mL medium, the 
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pH was sat as 7.0. The initial concentrations of DMF were set as 500mg/L, 1000mg/L, 2000 mg/L, 

5000mg/L, 8000mg/L, 10000mg/L, 12000mg/L and 15000mg/L. The batch tests lasted for 54h. 

OD600 was sampled and measured in every 3 hours by spectrophotometer (type 721, Shanghai 

optical instrument Co.). Based on the results, the calculation of the specific growth rates of the 

strains were made with the methods as previously described [20]. The specific growth rates of 

DMF-3 with different DMF concentrations were then nonlinear fitted by originpro8 with Haldane 

equation. The equation was shown as follows [20].  

Ki

S

S

Ks




1

max
     (Eq-1) 

Where μ was the specific growth rate (h
-1

); μmax was the maximum specific growth rate (h
-1

); S was 

concentration of substrate (g/L); Ks was saturation constant (g/L); Ki was inhibition constant (g/L). 

 

2.6 Degradation pathway of DMF 

The degradation pathway of DMF by DMF-3 was studied by applying different possible 

degradation products (i.e. methylformamide, formamide, dimethylamine and monomethylamine) 

with an initial concentration of 10mM to the incubation of DMF-3. The suspension inoculums of 

DMF-3 attained in section 2.2 was added in the 500 mL Erlenmeyer flasks containing 200mL 

medium A and degradation products with pH=7. OD600 was sampled and measured in every 12 

hours by spectrophotometer (type 721, Shanghai optical instrument Co.). The concentrations of 

DMF in liquid supernatant were measured by gas chromatograph (6980N, Agilent). The 

concentrations of dimethylamine were measured according to the methods by Cullis et al [21]. All 

the batch tests were performed on the shaker with 150r/min at 30
o
C and conducted in triplicate. 
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2.7 Ultraviolet mutagenesis 

For further enhancing the DMF degrading effect, the chosen strain was mutated by ultraviolet. The 

main procedure of ultraviolet mutagenesis included several steps. Firstly, 6 mL of inoculums were 

transferred onto the plate, and preheated for 20min by UV light. Then the plate with inoculums was 

put on the magnetic stirrers, irradiated by UV light with the power of 20W from 30cm away. The 

treated inoculums with different treatment times (0s, 20s, 40s, 60s, 80s, 100s, 120s) were then 

cultivated with peptone beef extract agar medium in incubator at 30
o
C under dark condition. The 

optimum processing time of mutation was then chosen based on the amount of colonies after 

cultivation, and then the mutagenesis process was repeated with the optimum treatment time. After 

cultivation, the single colonies were picked and preliminarily cultured and purified in medium A 

with agar plate. The strains were incubated in agar slant culture-medium of peptone beef extract for 

2 days. Then the colonies were washed off by medium A, and prepared the bacterium suspension. 

After that, 0.1mL bacterium suspension was incubated in 100mL medium A plus 10g/L DMF at 

150r/min and 30
o
C for 72h, and their DMF degrading efficiencies were measured. The 

concentrations of DMF in liquid supernatant were measured by gas chromatograph (6980N, 

Agilent). The removal rate of DMF was calculated according to the equation in 2.2. 

 

3. Results and discussion 

3.1 DMF degrading strain with the highest degrading efficiency 

After the isolation process, 8 strains of DMF degrading bacteria were obtained from activated 

sludge of different sources. Then, the DMF degrading efficiencies of the strains were further studied 

to screen the optimal strain with the highest degrading efficiency. After 48h incubation with the 

initial DMF concentration of 5000mg/L, it was found that the strain DMF-3 achieved the highest 
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DMF removal rate as 75%, which was isolated from the sewage treatment facility of DMF 

manufacturing plant. Nisha et al. found Paracoccus sp had a DMF degradation rate of between 

46%-55%. Veeranagouda et al. reported that the optimal DMF removal rate of Ochrobactrum sp. 

DGVK1 isolated from soil was up to 75% [22].Therefore, the DMF degrading efficiency of DMF-3 

was comparable with the DMF degrading strains described in previous studies. Therefore, DMF-3 

was chosen as the optimal strain for further studies. According to the results of 16S rDNA 

sequencing analysis, DMF-3 was closely correlated to the Paracoccus pantotrophus, with 98% 

homologous identity. Therefore, it could be concluded that DMF-3 belonged to genera Paracoccus. 

Some previous studied also reported the DMF degrading strains belonged to the genera Paracoccus. 

[20]. 

 

3.2 Influence of pH and initial DMF concentrations on the DMF-3 growth  

The influence of initial pH on the DMF-3 growth was shown in Fig.1. According to the results, 

although the DMF-3 could grow with the initial pH of 6.0- 9.0, the growth of DMF-3 was inhibited 

when the initial pH was 8.0-9.0. Therefore, the favorable initial pH for the growth of DMF-3 was 

6.0-7.0. Obviously, initial pH played an important role in the metabolism of bacteria. Increasing of 

pH values could change the charges of biomacromolecule, such as proteins and nucleic acid, 

thereby influencing their bioactivities. Furthermore, it could also change the charges of 

cytomembrane, thereby hindering the absorbing of nutrient by cytomembrane. In addition, the strain 

grew faster at pH=7.0. The strain at pH 7 was in stable phase at 50h while the strain at pH 6.0 was 

still in log phase. The phenomenon implied that lower pH value could be favorable to extend the 

growth process of strain, and the optimum pH for growth was chosen as 6.0. Meanwhile, the 

removal rate of DMF attained 94.7% (Fig S1). 
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The influence of initial DMF concentrations was shown in Fig.2. DMF-3 could grow well when 

DMF was employed as the sole carbon and nitrogen source with the initial DMF concentrations of 

5000-30000mg/L. However, the growth of DMF-3 was slightly inhibited while the concentration of 

DMF was over 10000mg/L, and DMF-3 could not grow anymore when the initial concentration of 

DMF was over 60000mg/L. Although DMF-degrading bacteria could degrade DMF, excessive 

presence of DMF could still inhibit their growth due to its toxicity. According to previous studies, 

in most cases, the maximum concentrations for the growth of DMF degrading strains were between 

20000-30000mg/L [14, 22]. The DMF degrading strains belonging to Paracoccus sp. could only 

grow when the DMF concentration was below 15000mg/L [23].Therefore, compared with the 

obtained DMF degrading strains from literatures, the tolerance of DMF by DMF-3 was more 

superior. 

 

As shown in Fig. 3 (a-b), when the initial concentration of DMF was 5000mg/L, the growth 

conditions of DMF-3 were different at pH 6 and 7. The density of DMF-3 kept increasing till 48h 

when the initial pH was 6, while the growth of DMF-3 ceased after 36h with the initial pH of 7. It 

was due to the fact that the pH was around 7 by 36h when the initial pH was 6, which was the 

optimum pH for the growth of DMF-3, as discussed above. However, when the initial pH was 7, the 

actual pH in medium was increased to 8.5 by 36h; the further growth of DMF-3 was thus inhibited. 

It was possibly due to the presence of alkaline degradation products, such as dimethylamine. The 

alkaline degradation products could increase the pH value of the medium and inhibit the growth of 

DMF-3. It was also reported that alkaline condition could inhibit the activity of dimethylamine 

dehydrogenase and impede the further degradation of dimethylamine to monomethylamine, thereby 
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further leading to the accumulation of dimethylamine [22]. Meanwhile, it was found that the DMF 

in the medium with initial pH 6 kept decreasing during the whole cultivation process and the 

removal rate finally attained 98% by 84h. In contrast, the DMF in the medium with initial pH 7 

nearly stopped declining in the later period of cultivation. However, according to Fig 3(c-d), when 

the initial concentration of DMF was 1000mg/L, the effect of different pH values on the growth of 

DMF-3 was not significant. It might be due to the fact that the initial concentrations of DMF was 

quite low, thus all the DMF was decomposed before 36h. Therefore, not enough alkaline 

degradation products were produced in the medium, thus the pH value at that time was under 8 and 

7 while the initial pH was 7 and 6, which could not impede the growth of DMF-3. 

 

3.3 Growth kinetics and degradation pathway of DMF-3 

Based on the growth curves of DMF-3 with different initial concentrations of DMF, specific growth 

rates of DMF-3 were calculated as shown in Fig S2. It was found that higher DMF concentrations 

could inhibit the growth of DMF-3. Therefore, Haldane equation (Eq-1) was applied to describe the 

growth kinetics of DMF-3. 

 

After the nonlinear fitting of the specific growth rates of DMF-3 with different DMF concentrations, 

kinetic constants were obtained, as μmax=0.22 (h
-1

); Ks =0.41 (g/L); Ki =25.93 (g/L), R
2
=0.95. 

Therefore, the growth kinetics of DMF-3 was determined as followed: 

93.25

41.0
1

0.22

S

S


        (Eq-2) 

 

There were different pathways during the DMF degrading process. Ghisalba et al. presented two 
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possible DMF degrading pathways [13]: 1) DMF was primarily transformed to dimethylamine 

(DMA) and formic acid by DMFase, then dimethylamine was decomposed by dimethylamine 

dehydrogenase, and monomethylamine and methanal were produced. Finally, monomethylamine 

was degraded into ammonia and methanal by MADH. 2) DMF was transferred into formamide by 

methylformamide oxidase and methylamide oxidase, and then formamide was hydrolyzed into 

ammonia and formic acid by formamidase.  

 

For investigating the degradation pathway of DMF by DMF-3, a series of possible degradation 

products were thus applied, including methylformamide, formamide, dimethylamine and 

monomethylamine [13]. The growth conditions of DMF-3 in these possible degradation products 

were examined and compared with the conditions in DMF, as shown in Fig. 4 (a). According to Fig 

4 (a), the growth of DMF-3 was in good condition with methylformamide, dimethylamine and 

monomethylamine, while formamide could not be well used. Considering formamide was the main 

degradation product as well as the sole nitrogen source during the metabolic process of pathway 2, 

thus pathway 2 could be excluded and pathway 1 was the possible degradation pathway for DMF-3. 

 

To further verify the degradation process of DMF-3, the degradation products were measured 

during the growth of the bacteria with DMF, as shown in Fig 4 (b). Dimethylamine and 

monomethylamine, as the main degradation products of pathway 1, could be produced and 

accumulated during the growth of DMF-3. Meanwhile, formamide, which was the typical 

degradation product of pathway 2, was not detected. Therefore, it could be concluded that the 

degradation pathway of DMF-3 followed pathway 1 rather than pathway 2. Swaroop et al., also 

reported the same degradation pathway for the metabolism of DMF degrading Paracoccus sp. strain 
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[23], which was in accordance with our current study.  

 

3.4 Effect of ultraviolet mutagenesis on the biodegrading of DMF 

For the ultraviolet mutagenesis of cells, irradiation time was the main influencing factor. In this 

study, different irradiation times were applied to examine the lethality rates of DMF-3 as shown in 

section 2.7, the results were shown in Fig. S3. According to Fig. S3, the optimum irradiation time 

was chosen as 50s while the lethality rate could be around 75%, which could be helpful for 

achieving proper positive mutation rates. After the ultraviolet mutagenesis, the degradation rates of 

DMF by mutant strains were studied. The highest removal rate of DMF was 62.8% while the initial 

concentration of DMF was 10000mg/L, which was 14.8% higher than the removal rate of original 

strain with 10000mg/L DMF. Ultraviolet mutagenesis was a proven technique and environmental 

friendly approach for the mutation of strains. However, its application on the removal of refractory 

organics by mutant strains was limited. In this study, it was primarily found that the mutagenesis of 

the DMF degrading strains could enhance the DMF degrading efficiencies, which was potentially 

valuable for the DMF removal process in the practical application. And the studies on the 

mechanisms of the enzyme characteristics changes during the mutagenesis process are still required 

in the future work. 

 

3.5 Application of DMF-degrading strains as a potential technology for enhancing biological 

DMF removal  

In this study, a high-efficient DMF degrading Paracoccus sp. strain DMF-3 was isolated from 

activated sludge. The removal rate of DMF was up to 98% in 84h while DMF was applied as the 

sole carbon and nitrogen source of the DMF-3, at the optimum pH value of 6.0, and the initial DMF 
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concentration of up to 5000mg/L. The high-efficient DMF degrading strain could be applied to the 

practical engineering for the biological removal of DMF from wastewater. 

 

Instead of utilizing microbes to biodegrade DMF, Wang et al. [24] applied electrochemical energy 

to achieve the degradation of DMF. However, the proposed electrochemical method was energy 

consuming. In comparison, our biological degradation does not require energy and is more 

environmentally friendly. Furthermore, Paracoccus sp. was reported to function in the 

biodegradation of recalcitrant chemicals such as piperazine [25], fipronil [26], and chloroacetamide 

herbicides [27], indicating its capability to biodegrade the recalcitrant chemicals. Therefore, our 

research will also be of significance to guide the biological degradation of recalcitrant compounds. 

 

In spite of the biological processes had great potential in the removal of DMF, the research is still 

on a very early stage. To date, the only attempt on its application to the degradation of DMF from 

wastewater was conducted by the continuous packed bed reactor with DMF degrading cells 

entrapped in PVA–alginate matrix [26, 28]. Kumar et al. reported that the reactor with free cells 

could only tolerant the DMF concentration by 1%, while the DMF load could be raised by 2.5% 

with the immobilized DMF degrading cells by PVA–alginate. Meanwhile, the PVA and alginate 

alone could not enhance the removal efficiencies of DMF due to the structure defects[26]. However, 

although the packing materials could effectively maintain the biomass, the total biomass was still 

limited in reactor, which could not facilitate the further improvement with higher DMF load. 

Therefore, granular sludge bed reactor could be a better choice for the future research and 

application due to its high biomass and resistance of impact load. 
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The biggest challenge for the operation of granular sludge bed reactor was the acclimation of 

granular sludge from flocculent activated sludge. For the average activated sludge, it was difficult to 

be applied to degradation of DMF due to the lack of special DMF-degrading bacterial strains. 

According to the previous studies, it was found that the strains isolated from the DMF would 

pollute soil as well as the activated sludge from the treatment facilities of DMF contained 

wastewater [18, 29]. Therefore, for achieving optimum operation efficiencies of the granular sludge 

bed reactor, the source of the inoculated sludge should be considered as a key factor.   

 

Another important issue for the operation of biological DMF treatment process was the degradation 

pathway of the strains. The production of intermediate products, such as dimethylamine, could lead 

to secondary contamination if accumulating in sludge [30, 31]. According to our study, it could be 

found that the intermediate products could be decomposed with longer reaction time. Therefore, 

proper prolonged hydraulic retention time could be helpful for the DMF-degrading strains to 

decompose the dimethylamine adequately. In addition, the full elimination of the accumulated DMF 

and intermediate products could also reduce the sludge toxicity, contributing to the reduction and 

reuse of excess sludge [32, 33] from the biological DMF treatment process. 

 

4. Conclusion 

A high-efficient DMF degrading Paracoccus sp. strain DMF-3 was enriched and isolated from 

activated sludge. The removal rate of DMF was up to 98% in 84h while 5000mg/L DMF was 

applied as the sole carbon and nitrogen source of the DMF-3. Growth kinetics model and 

degradation pathway of DMF-3 were determined and the kinetic constants were obtained as 

μmax=0.22 (h
-1

); Ks =0.41 (g/L); Ki =25.93 (g/L). During the degradation pathway of DMF, DMF 
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was primarily transferred into dimethylamine and formic acid, and the intermediates were further 

degraded to ammonia and carbon dioxide following the typical metabolic pathway of methylotrophs.  

Dimethylamine was found as the main degradation product, and the accumulation of dimethylamine 

led to the increase of pH value, thus inhibiting the further growth and metabolism of DMF-3. In 

addition, the mutant strains of DMF-3 by the ultraviolet mutagenesis process were also used to 

decompose DMF, and the optimum degradation rate was increased by 14.8% compared with the 

original strain.  
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Table 1. Experimental design of the effects of initial pH and DMF concentration 

Group No. pH DMF concentration (mg/L) 

I. Effect of initial pH 1 5 5000 

 2 6 5000 

 3 7 5000 

 4 8 5000 

 5 9 5000 

II. Effect of DMF concentration 6 6 0 

 7 6 5000 

 8 6 10000 

 9 6 20000 

 10 6 30000 

 11 6 40000 

 12 6 50000 

 13 6 60000 

 

Table 2. Experimental design of the comprehensive relationships among the growth of biomass 
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No. pH DMF concentration (mg/L) 

1 6 1000 

2 6 5000 

3 7 1000 

4 7 5000 

 

 

Fig. 1 Effect of initial pH values on the growth of DMF-3. The initial concentration of DMF was 

5000mg/L. 
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Fig. 2 Effect of initial DMF concentrations on the growth of DMF-3. The initial pH of medium was 

6. 
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Fig. 3 Relationships among the DMF-3 growth, the pH change and the initial DMF concentrations 

during the incubation process: (a) Changes of pH and DMF-3 density while the initial pH values 

were 6.0 and 7.0, initial DMF concentration was 5000mg/L. (b) Changes of pH values and DMF 
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concentrations while the initial pH values were 6.0 and 7.0, initial DMF concentration was 

5000mg/L. (c) Changes of pH values and DMF-3 density while the initial pH values were 6.0 and 

7.0, initial DMF concentration was 1000mg/L. (d) Changes of pH values and DMF concentrations 

while the initial pH values were 6.0 and 7.0, initial DMF concentration was 1000mg/L. 
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Fig. 4 (a) Growth of DMF-3 in methylformamide, formamide, dimethylamine, monomethylamine 

and DMF. The concentrations of substrates were 10mM; (b) Production of dimethylamine and 

monomethylamine during the decomposition of DMF, the initial DMF concentration was 

6000mg/L. 
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Highlights: 

 

 High-efficient DMF degrading strain DMF-3 was enriched and isolated 

 Growth kinetic model of DMF-3 was established and kinetic constants were determined 

 Mutant strain of DMF-3 by ultraviolet irradiation increased DMF biodegradation  
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