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Abstract: The degradation of gallic acid in the Chinese nutgall processing wastewater was 

carried out in a sequencing batch reactor (SBR). The biodegradability of gallic acid was 

monitored, and the effect of initial concentration, temperature, pH, and salinity on the 

degradation of gallic acid was studied. The result showed that the biodegradability of gallic 

acid was poor, but enough to meet the requirement of SBR process by further pre-treatment 

which would improve the biodegradability. A first-order Monod kinetic model was used to 

describe the degradation process of gallic acid. The removal efficiency decreased with the 

increase of the initial gallic acid concentration. The raise of temperature and pH were not 

conducive for the removal of gallic acid. When the salinity was 2 g·L
-1

 or less, the increase of 

the salinity content would improve the gallic acid removal efficiency, and the removal 

efficiency was higher than 75% when the salinity content was less than 10 g·L
-1

.  
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Introduction 
Gallic acid (Fig. 1) is a naturally occurring polyphenol compounds which is widely used in 

biology, medicine, chemical, dyes, electronic, light industry and other fields [1]. It also has 

anti-inmammatory, anti-mutagenic, anti-oxidant, anti-free radical and other biological 

activities [6, 18]. The methods for producing gallic acid include acid hydrolysis process, 

alkali hydrolysis process, biological process and enzymatic process [23]. Generally, 

manufacturers use the alkali hydrolysis process for producing gallic acid, with Chinese nutgall 

as the raw material. The gallic acid contact in the wastewater generated by the alkali 

hydrolysis process was still up to 12-17 g·L
-1

. However, effective treatment suitable for 

industrial applications has not been realized yet, serious environmental pollution problems 

still existed in the production process of gallic acid. The research and development of efficient 

and practical treatment technology for Chinese nutgall processing wastewater was of 

significant importance and urgency. After gallic acid was recovered from wastewater by 

solvent extraction [20], only less than 800 mg·L
-1

 gallic acid remained in the raffinate. 

Biological treatment could remove part of gallic acid in wastewater [9, 10], also there were 

studies indicating that the activity of microorganism would be inhibited by low concentration 

of gallic acid [8, 19, 16]. The composition of Chinese nutgall processing wastewater was 
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complicated, and its impact on the ecological environment was always overlooked. 

 

 
Fig. 1 Molecular structure of gallic acid 

 

Gallic acid degraded when it was discharged into natural water bodies, dissolved oxygen 

would be decomposed and consumed, resulting in the death of aquatic organisms, which 

would deteriorate the water quality [15]. Gallic acid converted into halogenated hydrocarbons 

during the disinfection process of drinking water by chlorine, which was teratogenicity, 

carcinogenic and mutagenic to human body [7], making it a control objects for the safety of 

drinking water. Recently the environmental problems caused by gallic acid had attracted 

attention from scholars; the removal of gallic acid from wastewater was becoming a hot spot 

in the water pollution research. 

 

During the gallic acid production by the alkaline hydrolysis process, approximately 100 g·L
-1

 

NaCl was contained in the wastewater. Studies had shown that a certain concentration of NaCl 

would impact the effectiveness of biological treatment [5]. Because NaCl entered the 

wastewater eventually, salinity was one of the important factors affecting the treatment.  

 

The aim of this study was to evaluate the biodegradation of gallic acid by activated sludge the 

effect of operation conditions on the biodegradation process. Batch experiments were carried 

out in a sequencing batch reactor (SBR), the effect of gallic acid concentrations;  

pH, temperature and salinity were evaluated. The results of this paper provided a theoretical 

basis for the biological treatment of Chinese nutgall processing wastewater. 

 

Materials and methods 

Reagents and materials 
Standard gallic acid was provided by the China Pharmaceutical and Biological Products. 

Gallic acid and other reagents used were of analytical grade.  

 

Analytical methods 
High-performance liquid chromatography (HPLC) was used to analyze gallic acid [21],  

the sludge volume index (SVI), mixed liquid volatile suspended solids (MLVSS) and  

mixed liquid volatile suspended solids (MLVSS) of the sludge were measured by standard 

methods [17].  

 

Preparation of the synthetic wastewater 
The type and concentration of reagents in the synthetic wastewater were listed in Table 1. 

Gallic acid was added as the carbon source when the synthetic wastewater was already 

prepared. 
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Table 1. Types and concentrations of reagents in the synthetic wastewater 

Reagent 
Concentration, 

(mg·L
-1

) 
Reagent 

Concentration, 

(mg·L
-1

) 

KCl 3 217 NaNO3 2 804 

(NH4)6Mo7O24·4H2O 2 NH4Cl 193 

K2CrO4 3 MgCl2 239 

AlCl3 27 KH2PO4 654 

H3BO3 7 K2HPO4 48 

MnCl2·4H2O 5 FeCl3·6H2O 232 

ZnCl2 43 CaCl2·2H2O 769 

 

Experimental setup 
The volume of the reactor was 5 L (Fig. 2), and the effective volume was 4 L. The flocculent 

sludge was acquired from an urban sewage treatment plant in Changsha, Hunan Province.  

The SVI of the active sludge was 47.9 mL·g
-1

, and MLVSS/MLSS was 0.85. Since the 

purpose of the experiment was to remove gallic acid from wastewater, in order to obtain 

accurate data, the wastewater was added into the reactor manually and instantaneous, and the 

reactor was run under restricted aeration.  

 

 
Fig. 2 Schematic diagram 

 

The aeration time was 22 h, and the spate separation time was 2 h. The MLVSS was  

5.0 ± 0.1 g·L
-1

. The air velocity was 4 L·min
-1

. The initial gallic acid levels was controlled at 

50 ± 5 mg·L
-1

 except the kinetic study and the effect of the initial gallic acid concentration. 

The temperature was controlled at 30 °C except the temperature experiment, and the pH was 

kept at 7.0 ± 0.2 except the pH experiment.  

Results and discussion 

Kinetic of the biodegradable reaction of gallic acid 
The microorganism concentration in the SBR reactor was changing all the time, but the 

change was little within one operating cycle, thus it was generally believed that the total 

amount of microorganisms was a constant [3], MLVSS was used to represent the microbial 

biomass indirectly. The aerobic reaction started instantly after the synthetic wastewater was 

added in and the aeration began immediately, which complied with the Monod kinetic 

equation namely during the aeration stage. The reactor was completely mixed and operated 

stably; theoretically, the relationship between the removal of the matrix and substrate 

concentration was of a first-order reaction, which could be expressed by the Monod equation: 
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s

dS qSX

dt K S
 


   (1) 

 

where S is the substrate concentration (mg·L
-1

); Ks – half-saturation constant,  

the concentration of substrate when V = Vmax/2 (mg·L
-1

); q – maximum removal ratio of the 

matrix (d
-1

); X – concentrations of sludge in the mixture of sludge and water  

(mg (MLVSS)·L
-1

). 

 

No more gallic acid was added after the aeration started; the change of the gallic acid 

concentration was equivalent to the degradation rate by microorganisms. The variation 

between gallic acid concentrations and time could be gained from the integration and 

consolidation of Eq. (1): 
 

0
0

1
( ) lnsK S
S S q

tX tX S
  

  (2) 
 

The value of Ks and q could be obtained by the linear regression analysis of Eq. (2) using the 

least square method with 0

1
( )S S

tX
  as the vertical axis, and 01

ln
S

tX S
 as the abscissa axis. 

 

The temperature was controlled at 30 °C. Other conditions: pH = 7.0 ± 0.1, the hydraulic 

retention time (HRT) was 24 h. Three sets of parallel experiments were conducted under the 

same conditions. The result was shown in Fig. 3. 

 

The degradation of gallic acid by SBR was in line with the first-order Monod kinetic process 

(Y = 17.65X – 0.24, R
2
 = 0.9994). The value of Ks was 17.65 mg·(g MLVSS·d)

-1
, and q was 

0.24 which was less than 0.3, indicating that gallic acid in the Chinese nutgall processing 

wastewater was difficult for the biological treatment. Pre-treatments such as hydrolysis 

acidification [13], ozone oxidation [12], or electrolysis [22] should be taken to improve the 

biodegradability before biological treatment. 

 

Effect of the initial gallic acid concentration  
The gallic acid removal efficiency decreased with the increase of substrate concentration  

(Fig. 4). The gallic acid levels in the influent is proportional to the effluent under the same 

reaction time, which was in line with the linear equation Y = 0.13X + 5.13 (R
2
 = 0.9853).  

 

  

Fig. 3 The relationship of Ks – q 
Fig. 4 The gallic acid removal efficiency 

under different initial gallic acid contents 
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Effect of temperature 
The gallic acid removal efficiency decreased from 10 °C to 40 °C (see Fig. 5) when the 

reaction time was longer than 8 h, demonstrating that the activity of microorganism decreased 

with the increase of temperature, indicating the activity of the gallic acid-degrading-enzyme 

in microorganisms declined when the temperature raised. Therefore, the optimal temperature 

was 10 °C.  

 
Fig. 5 The gallic acid removal efficiency under different temperature 

 

The results showed that when the reaction time was less than 8 h, the gallic acid removal 

speed was accelerated with the raise of temperature, but after the equilibrium reached,  

the gallic acid concentrations left increased with the increase of temperature. The removal of 

gallic acid was primarily caused by the adsorption by activated sludge and biodegradation 

when the reaction time was shorter than 8 h. the removal speed was accelerated with 

temperature might because the adsorption capacity of aerobic sludge was positively correlated 

with temperature, also the Brownian motion of gallic acid exacerbated, so the binding speed 

of gallic acid onto the activated sludge was enhanced, then the absorption rate increased.  

 

When the reaction time was shorter than 8 h, the degradability of active sludge was the 

highest when the temperature was 40 °C, and when the reaction time was longer than 8 h, the 

removal efficiency was the highest when the temperature was 10 °C. 

 

Effect of pH 
The pH was controlled in the range 5-9 during the experiment. The results were shown  

in Fig. 6. 

 

 
Fig. 6 ① the effect of pH on the gallic acid removal efficiency;  

② the degradation curve of gallic acid under different pH  

 

pH had significant effect on the metabolism of gallic acid. In the pH range 5-9, the ionic form 

of gallic acid were mainly AH3
-
 and AH3

-
/AH2

2-
 [11], the AH2

2-
 proportion would increase 
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with the increase of pH, meanwhile the charge of the activated sludge would change, affecting 

the adsorption of gallic acid, thus the degradation of gallic acid was indirectly affected.  

The gallic acid concentration decreased significantly in the initial 0.5 h, which was not 

degraded but attached on the activated sludge. The gallic acid removal rate decreased with the 

increase of pH, demonstrating that the adsorption capacity of active sludge on AH2
2-

 was 

lower than that of AH3
-
. Because the substrate concentration of biodegradation was restricted 

by the adsorption of activated sludge, and the substrate concentration was proportional to the 

degradation speed, the gallic acid degradation speed increased with the increase of pH.  

 

The difference among final pH was small, compared with the initial pH, which was because 

the degradation of gallic acid would cause the elevation of pH. Thus when SBR was used for 

the treatment of wastewater containing gallic acid, the pH needs to adjust to an optimal range. 

Since the optimum pH range for biological treatment was 6-9, when applied for the treatment 

of actual Chinese nutgall wastewater, the pH could be adjusted to about 6. 

 

Effect of salinity 
Different concentrations of NaCl were added into the synthetic wastewater to generate 

different salinity. The result was shown in Fig. 7. 

 

 
Fig. 7 Gallic acid removal efficiencies in SBR under different salinity 

 

The gallic acid removal efficiency increased with the increase of salinity when the salinity 

was 2 g·L
-1

 or less, indicating that under appropriate salinity the activity of the degrading 

enzyme in the microorganisms could be promoted. The removal efficiency decreased with the 

increase of salinity when the salinity was higher than 2 g·L
-1

. Under the circumstances when 

the salinity was not more than 10 g·L
-1

, the degradation rate of gallic acid was higher  

than 75.27%. 

 

The removal rate of gallic acid reduced in high-salinity wastewater, which was because the 

inhibit of the activity of aerobic microorganisms by salinity [2], under high salinity, even the 

structure of microorganisms could be destroyed [4, 14], their biological activity was inhibited 

and metabolism slowed down, thus the treatment efficiency decreased. 

 

Conclusion 
In summary, our results indicated that SBR was a feasible approach method for the treatment 

of Chinese nutgall processing wastewater, and could be constructed with limited resources in 

practically every location. The following conclusions can be drawn: gallic acid in the Chinese 

nutgall processing wastewater was difficult for the biological treatment, but could be proceed 
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if pre-treated by acidification, advanced oxidation or micro-electrolysis. The degradation of 

gallic acid was of a first-order Monod kinetic process. The gallic acid removal efficiency 

decreased with the increase of initial concentration. The rise of temperature and pH were not 

conducive for the removal of gallic acid. When the salinity was 2 g·L
-1

 or less, the increase of 

the salinity could lead to an improvement of the gallic acid removal efficiency, indicating an 

appropriate salinity could promote the activity of active sludge; the gallic acid removal 

efficiency was higher than 75.27% when the salinity was less than 10 g·L
-1

.  
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