
Air pollution is a serious global issue at present, and 
thus tremendous effort has been put into control-
ling gas emissions to reduce their impact on the 

environment and human health [1]. In particular, the paper 
industry emits lots of waste gas that is difficult to control, 
because these malodorous gases are of complex types, in-
cluding volatile organic compounds (VOCs), hydrogen sul-
fide (H2S), and ammonia (NH3), etc. [2,3]. Emission of these 

gases causes different environmental problems, such as the 
greenhouse effect, acid rain, and ozone depletion. Human 
beings exposed to these gases for a long time may have 
symptoms such as headache, nausea, and vomiting, as 
shown in Fig. 1. [4-7]. 

Different methods have been proposed to reduce the 
emissions of these malodorous gases, including physical 
(adsorption, condensation, washing, etc.); chemical (ther-
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ABSTRACT: White water is highly recycled in the papermaking process so that its quality is easily deteriorated, 
thus producing lots of malodorous gases that are extremely harmful to human health and the environment. In this 
paper, the effect of hydrogen peroxide (H2O2) on the control of malodorous gases released from white water was 
investigated. The results showed that the released amount of total volatile organic compounds (TVOC) decreased 
gradually with the increase of H2O2 dosage. Specifically, the TVOC emission reached the minimum as the H2O2  
dosage was 1.5 mmol/L, and meanwhile, the hydrogen sulfide (H2S) and ammonia (NH3) were almost completely 
removed. It was also found that pH had little effect on the release of TVOC as H2O2 was added, but it evidently affect-
ed the release of H2S and NH3. When the pH value of the white water was changed to 4.0 or 9.0, the emission of 
TVOC decreased slightly, while both H2S and NH3 were completely removed in both cases. The ferrous ions (Fe2+) 
and the copper ions (Cu2+) were found to promote the generation of hydroxyl radicals (HO•) out of H2O2, enhancing 
its inhibition on the release of malodorous gases from white water. The Fe2+/H2O2 system and Cu2+/H2O2 system 
exhibited similar efficiency in inhibiting the TVOC releasing, whereas the Cu2+/H2O2 system showed better perfor-
mance in removing H2S and NH3. 

	 Application: This study shows that adding oxides to white water can control the release of malodorous gases. 
This has a positive effect on paper mills to limit the release of odor. 

1. Effect of malodorous gases concentration on human beings (VOCs = volatile organic compounds; H2S = hydrogen sulfide;  
C6H6 = benzene; CH3COOH = acetic acid; CH3CH2SH = ethanethiol; NH3 = ammonia).
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mal oxidation, catalytic oxidation and oxidation, etc.); and 
biological (biofilters, bioscrubbers, and biotrickling filters, 
etc.) methods [8,9]. These malodorous gases can be largely 
removed by one of the previously mentioned methods or a 
combination thereof. However, these treatments are gener-
ally implemented at the tail end, which is risky. In this con-
text, some researchers have tried to remove malodorous 
gases at the very beginning when they are just generated. 
Advanced oxidation processes (AOPs) relying on the gener-
ated hydroxyl radicals (HO•) are commonly used to treat 
industrial wastewater with the goal of improving the bio-
degradation capability of water. Generally, AOPs have good 
organic matter removal efficiency, with a significant de-
crease of chemical oxygen demand (COD) by over 40% [10], 
and they can also effectively remove malodorous gases. 
According to the research of Hohee et al. [11], the geosmin 
and 2-methylisopropanol (2-MIB) could be removed by 10% 
and 18%, respectively, via the ultraviolet (UV)/H2O2 treat-
ment. In addition, the Fenton process, as one of the typical 
AOPs, not only reduces the chemical oxygen demand 
(COD) of wastewater, but also has a good control on VOCs 
emissions [12].

Due to the renewal of papermaking technology and the 
demand for sustainable development, the degree of closed 
circulation of white water is getting higher and higher. This 
leads to the continuous accumulation of organic matter, 
inorganic salts, and microorganisms in the white water, 
thus generating malodorous gases [13-16]. Although some 
researchers have proved that adding oxidants and biocides 
can control malodorous gases to some extent, the quantita-
tive relationship between oxidants and malodorous gases 

has not been established [17,18].
Sodium hypochlorite (NaClO) and chlorine dioxide 

(ClO2) are commonly used oxidants, but they will increase 
the chlorine content and conductivity of water, interfere 
with the chemical action of the system, and increase the 
corrosion of equipment. Hydrogen peroxide (H2O2) is an 
environmentally friendly oxidant with strong oxidative ca-
pacity. Therefore, H2O2 was used to treat white water, and 
the H2O2 dosage, pH, ferrous ions (Fe2+), and copper ions 
(Cu2+) were investigated to elucidate their influence on the 
control of malodorous gases and to establish the quantita-
tive relationship between them. This work may provide 
guidance for controlling the release of malodorous gases 
from white water in the papermaking process.

MATERIALS AND METHODS
Materials

Wet-end white water was kindly provided by Zhejiang 
Jingxing Paper Joint Stock Co. Ltd. (Zhejiang, China), which 
uses old corrugated containers (OCC) as raw material to 
produce bobbin paper. Hydrogen peroxide (AR grade), fer-
rous sulfate heptahydrate (FeSO4·7H2O, AR grade), copper 
sulfate pentahydrate (CuSO4·5H2O, AR grade), sodium hy-
droxide (NaOH, AR grade), hydrochloric acid (HCl, AR 
grade), and other chemical reagents were purchased from 
Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China).

Experimental methods and devices 
The white water from the wet end was collected and stored 
at 5°C. For each analysis, 100 mL of white water was placed 
in a 250 mL gas collecting bottle. The effect of H2O2 dos-

2. Schematic illustration of the experimental setup

Temperature,  
°C

Concentration,  
wt%

pH
Conductivity, 

ms/cm
CODcr,  
mg/L

VFA,  
mmol/L

45 0.498 6.35 5.37 8110 61.6

CODcr = chemical oxygen demand; VFA = volatile fatty acids.

I. Physical and chemical properties of the wet-end white water.
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age, pH, Fe2+, and Cu2+ on the amount of malodorous gases 
released from white water was investigated. The setup is 
shown in Fig. 2. The temperature was maintained at 35°C 
with water bath. A syringe was used to add reagents. The 
pH value was adjusted with HCl and NaOH.

	
Analytical method

The white water concentration was measured with the filter 
paper filtration method. Specifically, 100 mL of white water 
was filtered with filter paper to obtain a filterable solid. The 
filtered solid was dried at 105°C, and the collected solid was 
used to calculate the white water concentration. The pH 
and conductivity of white water were measured with a pH 
meter (PHS-25, Shanghai Yidian Scientific Instrument Co. 
Ltd.; Tianjin, China) and conductivity meter (DDS-307, 
Shanghai Yidian Scientific Instrument Co. Ltd.). The mea-
surement of volatile fatty acids (VFA) was implemented ac-
cording to the method reported by Huang et al. [19]. Chem-
ical oxygen demand (CODcr) was measured according to 
Chinese National standard HJ 82-2017 “Water quality—de-
termination of the chemical oxygen demand—dichromate 
method.” The gas detector (JA908-VOC-PID, JA908-H2S, 
JA908-NH3, Shenzhen Ziyuan Environmental Protection 
Technology Co. Ltd.; Guangdong, China) was used to de-
termine the gas concentration.

RESULTS AND DISCUSSION
Analysis of wet-end white water

The basic properties of wet-end white water are shown in 
Table I. Secondary fibers, fillers, and soluble substances 
are the main components of white water, accounting for 
0.498%. The pH of white water was 6.35, which is weakly 
acidic. The conductivity of white water was as high as  
5.37 ms/cm, due to the inorganic salts in the soluble sub-
stance. The contents of CODcr and VFA were 8110 mg/L 
and 61.6 mmol/L, respectively, which are mainly attributed 

to the organic compounds. The malodorous gases are 
mainly derived from these organic and inorganic com-
pounds in white water.

Effect of H2O2 dosage on the release of  
malodorous gases 

The effect of H2O2 dosage on the release of malodorous 
gases from wet-end white water is shown in Figs. 3, 4, 
and 5, which indicate that H2O2 had a good effect on mal-
odorous gases control. Figure 3 shows that the amount of 
released total VOCs (TVOC) decreases with the increase of 
H2O2 dosage, and it finally reaches a stable value. The 
TVOC concentration reached the minimum value of  
22.5 mg/m3 at 100 min when the amount of H2O2 increased 
to 1.5 mmol/L.

The H2O2, which degrades some organic compounds in 
water as a result of its high oxidation potential (OP, 1.78V), 
is often used to reduce the COD in wastewater [20]. None-

3. Effect of hydrogen peroxide (H2O2) dosage on the release of 
total volatile organic compounds (TVOC) from wet-end white 
water. Experimental conditions: pH = 6.35.

4. Effect of H2O2 dosage on the release of hydrogen sulfide (H2S) 
from wet-end white water. Experimental conditions: pH = 6.35.

5. Effect of H2O2 dosage on the release of ammonia (NH3) from 
wet-end white water. Experimental conditions: pH = 6.35.
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theless, H2O2 is ineffective in treating some high-concen-
tration non-biodegradable pollutants, such as high-chlori-
nated aromatic compounds and inorganic compounds 
(cyanide, etc.) [21]. Therefore, these pollutants surviving 
from the H2O2 treatment are still released in the form of 
TVOC gas.

Figures 4 and 5 show the effects of H2O2 dosage on the 
release of H2S and NH3 from wet-end white water. It can 
be seen from the figures that the amounts of H2S and NH3 
reduce with the increase of the H2O2 amount. When the 
dosage of H2O2 was increased from 0 to 1.0 mmol/L, the 
H2S concentration significantly decreased from 30.67 to 
10.24 mg/m3 at 100 min, and the NH3 concentration de-
creased from 8.01 to 2.83 mg/m3. As the dosage of H2O2 
was further increased to 1.5 mmol/L, the concentrations of 
H2S and NH3 dropped to 0 and 0.64 mg/m3, respectively. 
Therefore, when H2O2 was added at 1.5 mmol/L, TVOC 
emission reached the minimum, and meanwhile, H2S and 
NH3 were almost completely removed. 

According to previous research [22], H2O2 can oxidize 
H2S to generate sulfur (S0) through the following reactions 
(Eq. 1 and Eq. 2). This explains the H2S removal as the H2O2 
dosage increases, and finally H2S is removed:

(1)

(2)

According to the research by Wang et al. [23], NH3 was 
more reactive than ammonium (NH4

+) when reacting with 
HO•, thus ammonia/ammonium (NH3/NH4

+) could be com-
pletely converted to nitrogen oxide (NOx

-) with the addition 
of H2O2 in a stepwise way. This is one of the reasons why 
NH3 was removed.

In addition, microorganisms are one of the important 
factors that generate malodorous gases. The addition of 
H2O2 deactivates microorganisms, decreasing the malodor-
ous gases release from white water [24].

Effect of pH on the release of malodorous 
gases

Figure 6, 7, and 8 show the effect of pH on the release 
of malodorous gases from wet-end white water with the 
addition of H2O2. As shown in Fig. 6, the TVOC concentra-
tion is the highest (12.8 mg/m3 at 100 min) when pH is 6.0. 
The TVOC concentration decreases slightly as the pH either 
increases or decreases. Figures 7 and 8 indicate that the 
concentrations of H2S and NH3 are also the highest  
(4.58 mg/m3 and 1.49 mg/m3, respectively, at 100 min) at 
pH 6.0. The H2S and NH3 can be completely removed by 
adjusting the pH to 4.0 or 9.0, respectively.

Hydrogen peroxide is a strong oxidant, with its oxida-
tive capacity greatly affected by pH. When the pH drops 
from 14 to 0, its standard potential increases from 0.87 V 
to 1.80 V, so H2O2 appears to have stronger oxidative ca-

6. Effect of pH on the release of TVOC from wet-end white water. 
Experimental conditions: H2O2 = 1.0 mmol/L.

7. Effect of pH on the release of H2S from wet-end white water. 
Experimental conditions: H2O2 = 1.0 mmol/L.

8. Effect of pH on the release of NH3 from wet-end white water. 
Experimental conditions: H2O2 = 1.0 mmol/L.
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pacity under acidic conditions than it does under alkaline 
conditions. Accordingly, it has a better degradation effect 
on malodorous gases under acidic conditions [25]. How-
ever, under alkaline conditions, hydroxide (OH-) can react 
with acetic acid and propionic acid, etc., in VFA, which 
limits the emission of the VFA and eventually leads to a 
slight decrease in TVOC content. According to our previ-
ous research, H2S in white water would be converted to 
bisulfide (HS-) while NH3 converts to nitrate under alka-
line conditions, which limited the release of H2S and NH3 
[19]. Particularly after the pH was higher than 9.0, the 
concentrations of H2S and NH3 dropped to 0 mg/m3. This 
further proved the potential of using H2O2 to control the 
release of malodorous gases from white water between 
pH 4.0 and 9.0. 

Effect of Fe2+ on the release of malodorous gases
Figures 9, 10, and 11 show the effect of Fe2+ on the re-
lease of malodorous gases from wet-end white water while 
H2O2 is added. The addition of Fe2+ promotes the effect of 
H2O2 on the control of malodorous gases releasing from 
white water. When the concentration of H2O2 was  
1 mmol/L and the molar ratio of H2O2 to Fe2+ increased 
from 1:0 to 1:1.5, the concentrations of TVOC, H2S, and 
NH3 decreased from 25.4, 9.04, and 2.52 mg/m3 to 20.3, 
5.09, and 2.15 mg/m3 at 100 min, respectively. Therefore, 
when the molar ratio of H2O2 to Fe2+ was 1:1.5, the concen-
tration of malodorous gases reached the minimum.

The AOPs degrade bio-refractory pollutants with the 
generated HO• [26]. Equation 3 shows that H2O2 releases 
HO• under the action of Fe2+, and its oxidation potential 
is 2.8 V, which is obviously higher than that of H2O2  
(1.78 V). Therefore, the Fe2+/H2O2 system degrades organ-
ic compounds more efficiently than H2O2 alone, thereby 
limiting the generation of malodorous gases [27]. The cat-
alytic effect of Fe2+ on H2O2 can be enhanced by increasing 
the Fe2+ concentration. Therefore, with the increase of Fe2+ 
concentration, the released amount of malodorous gases 
decreases. However, when the content of Fe2+ exceeds the 
optimal dosage, excessive Fe2+ consumes HO• (Eq. 4), thus 
limiting the H2O2 activity [28].

(3)

(4)

Effect of Cu2+ on the release of malodorous gases
Figure 12 shows the effect of Cu2+ on the release of mal-
odorous gases while H2O2 is added. It can be seen that 
the addition of Cu2+ limits the TVOC generation as H2O2 
is added. The Cu2+ can also activate H2O2 and release 
HO• because it is a transition metal ion (Eqs. 5, 6, and 7), 
thus inhibiting the release of TVOC [29].

9. Effect of Fe2+ on the release of TVOC from wet-end white 
water. Experimental conditions: pH = 6.35, H2O2 = 1.0 mmol/L.

10. Effect of Fe2+ on the release of H2S from wet-end white water. 
Experimental conditions: pH = 6.35, H2O2 = 1.0 mmol/L.

11. Effect of Fe2+ on the release of NH3 from wet-end white 
water. Experimental conditions: pH = 6.35, H2O2 = 1.0 mmol/L.
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(5)

(6)

(7)

Figures 13 and 14 show the effect of Cu2+ on the re-
lease of H2S and NH3 as H2O2 is added. When the molar 
ratio of H2O2 to Cu2+ increased from 1:0 to 1:1.5, the content 
of H2S and NH3 gradually decreased. The Cu2+ reacts with 
H2S (Eq. 8), generating copper(II) sulfide (CuS) precipitate 
[30]. Also, Cu2+ reacts with NH3 forming Cu2+(NH3)n (n=1–
10) complexes, of which the Cu2+(NH3)4 ion is the most 
stable [31,32]. Therefore, with the addition of Cu2+, H2S and 
NH3 were well controlled.

(8)

Furthermore, the addition of Cu2+ also inactivates the 
microorganisms in white water, thereby further limiting the 
generation of malodorous gases [33].

Comparison of Fe2+/H2O2 system and  
Cu2+/H2O2 system

Figure 15 shows the concentrations of malodorous gases 
after the H2O2, Fe2+/H2O2 systems, and Cu2+/H2O2 systems 
were respectively added to white water for 100 min. The 
effects of the Fe2+/H2O2 system and Cu2+/H2O2 system on 
controlling the malodorous gases were obviously better 
than those of H2O2 alone. Metal ions (Fe2+, Cu2+) catalyze 
H2O2 to release HO• (Eqs. 3–7), thus promoting the degra-
dation of organic matter and removing more malodorous 
gases. The HO• has been reported to even react with a se-
ries of methoxy aromatic compounds [34].

It was found that the Fe2+/H2O2 system had nearly the 
same TVOC degradation efficiency as the Cu2+/H2O2 sys-
tem, whereas the Cu2+/H2O2 system had higher removal 
efficiency for H2S and NH3. This was probably due to the 
similar activation capacity of Fe2+ and Cu2+ towards H2O2 
to generate HO•. However, as to the reaction of H2O2 with 
H2S and NH3, Cu2+ also reacts with them, forming precip-
itate (CuS) and complexes (Cu2+(NH3)n, n=1–10); therefore, 
the Cu2+/H2O2 system exhibited better control of H2S and 
NH3 [30]. In summary, the Cu2+/H2O2 system had the best 
effect on the control of the malodorous gases released from 
wet-end white water.

CONCLUSIONS
Key findings from this study include:
1. �The H2O2 limits the release of malodorous gases from 

white water, and the concentration of malodorous gases 

12. Effect of Cu2+ on the release of TVOC from wet-end white 
water. Experimental conditions: pH=6.35, H2O2 = 1.0 mmol/L.

13. Effect of Cu2+ on the release of H2S from wet-end white 
water. Experimental conditions: pH=6.35, H2O2 = 1.0 mmol/L.

14. Effect of Cu2+ on the release of NH3 from wet-end white 
water. Experimental conditions: pH=6.35, H2O2 = 1.0 mmol/L.
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decreased with an increased amount of H2O2. As the 
amount of H2O2 increased from 0 to 1.5 mmol/L, the 
TVOC concentration decreased from 40.9 to 22.5 mg/m3 
at 100 min, which basically reached the maximum re-
moval efficiency. Meanwhile, H2S and NH3 were almost 
completely removed.

2. �The pH had little effect on the release of TVOC when 
H2O2 was added, but it evidently affected the release of 
H2S and NH3. When the pH was 6.0, the amount of mal-
odorous gases released was the largest, and the concen-
trations of TVOC, H2S, and NH3 were 12.8, 4.58, and 1.49 
mg/m3, respectively, at 100 min. When the pH value of 
the white water was adjusted to 4.0 or 9.0, the emission 
of TVOC decreased slightly, while H2S and NH3 were 
completely removed. 

3. �The Fe2+ and Cu2+ promote H2O2 to produce the hydrox-
yl radical (HO•), enhancing its inhibition on the release 
of malodorous gases from white water. The efficiency of 
the Fe2+/H2O2 system and the Cu2+/H2O2 system was al-
most the same in inhibiting TVOC release, but the latter 
has better performance in removing H2S and NH3. TJ

ACKNOWLEDGEMENTS
This work was supported by the National Key Research 
and Development Project of China (2017YFB0308301) 
and the Zhejiang Basic Public Welfare Research Project 
(LG - G18C160002). The authors would like to acknowl-
edge all the assistants in the project group and industrial 
partners concerned for providing the materials.

LITERATURE CITED
1. 	 Yao, H.Z., Zhang, P.P., Huang, Y.X., et al., Adv. Mater. 32(6): 

1905875(2020). https://doi.org/10.1002/adma.201905875.

2. 	 Avsar, E. and Demirer, G.N., J. Cleaner Prod. 16(4): 422(2008).  
https://doi.org/10.1016/j.jclepro.2006.07.042.

3. 	 Tong, X., Liu, Z., Chen, X.Q., et al., J. Environ. Sci. Health, Part A: 
Environ. Sci. Eng.  51(13): 1149(2016).  
https://doi.org/10.1080/10934529.2016.1206382.

4.	 Council, N., Emergency and Continuous Exposure Guidance Levels for 
Selected Submarine Contaminants, Vol. 3, National Academies Press, 
Washington, DC, 2009.

5.	 Li, Q.Y., Hou, Y.Q., Han, X.J., et al., J. Cleaner Prod. 249: 
119392(2020). https://doi.org/10.1016/j.jclepro.2019.119392.

6. 	 Szczepanska, N., Marc, M., Kudlak, B., et al., Ecotoxicol. Environ. Saf. 
160: 282(2018). https://doi.org/10.1016/j.ecoenv.2018.05.042.

7. 	 Haouzi, P., Sonobe, T., and Judenherc-Haouzi, A., Neurobiol. Dis. 
133: 104474(2019). https://doi.org/10.1016/j.nbd.2019.05.013.

8. 	 Gospodarek, M., Rybarczyk, P., Szulczynski, B., et al., 7(4): 
187(2019). https://doi.org/10.3390/pr7040187. 

9. 	 Wu, H., Yan, H.Y., Quan, Y., et al., J. Environ. Manage. 222: 
409(2018). https://doi.org/10.1016/j.jenvman.2018.06.001.

10. 	 Hermosilla, D., Merayo, N., Gasco, A., et al., Environ. Sci. Pollut. Res. 
22(1): 168(2015).  https://doi.org/10.1007/s11356-014-3516-1.

11. 	 Bang, H., Slokar, Y.M., Ferrero, G., et al., Desal. Water Treat. 57(57): 
27485(2016). https://doi.org/10.1080/19443994.2016.1177274.

12. 	 Bianco, B., Macolino, P., Quattranni, S., et al., J. Biotechnol. 150: 
S58(2010). https://doi.org/10.1016/j.jbiotec.2010.08.152.

13. 	 Gonzalez, D., Guerra, N., Colon, J., et al., Bioresour. Technol. 291: 
121857(2019). https://doi.org/10.1016/j.biortech.2019.121857.

14. 	 He, P., Wei, S., Shao, L., et al., Waste Manage. 73: 113(2018). 
https://doi.org/10.1016/j.wasman.2017.12.028.

15. 	 Khan, M.A., Ngo, H.H., Guo, W.S., et al., Bioresour. Technol. 219: 
738(2016). https://doi.org/10.1016/j.biortech.2016.08.073. 

16. 	 Chen, J., Chen, T.B., Gao, D., et al., Waste Manage. 31(1): 65(2010).
https://doi.org/10.1016/j.wasman.2010.08.020.

17. 	 Gudlauski, D.G., Pulp Pap. 70(3): 161(1996).

18. 	 Robichaud, W.T., Tappi J. 74(2): 149(1991).

19. 	 Huang, S., Dou, S., Ding, M., et al., TAPPI J. 19(10): 501(2020).
https://doi.org/10.32964/TJ19.10.501.

20. 	 Mejia-Morales, C., Hernandez-Aldana, F., Cortes-Hernandez, D.M., 
et al., Water, Air, Soil Pollut. 231: 89(2020).  
https://doi.org/10.1007/s11270-020-4463-8.

21. 	 Xu, H.Q., Li, A.P., Feng, L.D., et al., Int. J. Electrochem. Sci. 7(8): 
7516(2012). 

22. 	 Wang, Y., Liu, Y.X., and Wang, Y., Process Saf. Environ. Prot. 140: 
348(2020). https://doi.org/10.1016/j.psep.2020.05.025.

23. 	 Wang, J.L., Song, M.R., Chen, B.Y., et al., Chemosphere 184: 
1003(2017). https://doi.org/10.1016/j.chemosphere.2017.06.078.

24. 	 Teksoy, A., Alkan, U., Eleren, S.C., et al., J. Water Health 9(4): 
659(2011). https://doi.org/10.2166/wh.2011.205.

25. 	 Zaharia, C., Suteu, D., Muresan, A., et al., Environ. Eng. Manage. J. 
8(6): 1359(2009). https://doi.org/10.30638/eemj.2009.199.

15. Comparison of ferrous ion/hydrogen peroxide (Fe2+/H2O2) 
system and copper ion/hydrogen peroxide (Cu2+/H2O2) system. 
Experimental conditions: pH = 6.35, H2O2 = 1.0 mmol/L, Fe2+ =  
1.0 mmol/L, Cu2+ = 1.0 mmol/L.



EMISSIONS

622  TAPPI JOURNAL | VOL. 20 NO.10 | OCTOBER 2021

26. 	 Amaral-Silva, N., Martins, R.C., Castro-Silva, S., et al., Environ. 	
Technol. 37(19): 2524(2016).  
https://doi.org/10.1080/09593330.2016.1153158.

27. 	 Zhang, X.F., Ma, Y.X., Tang, T.T., et al., Sci. Total Environ. 720: 
137653(2020). https://doi.org/10.1016/j.scitotenv.2020.137653.

28. 	 Huang, Z.Q., Gu, Z.P., Wang, Y., et al., Environ. Sci. Pollut. Res. 26(35): 
35797(2019). https://doi.org/10.1007/s11356-019-06592-y.

29. 	 Liu, Y.X., Zhou, J.F., Zhang, Y.C., et al., Fuel 145: 180(2015).  
https://doi.org/10.1016/j.fuel.2014.12.084.

30. 	 Wang, Y., Wang, Z.L., and Liu, Y.X., Energy Fuels 32(11): 
11289(2018). https://doi.org/10.1021/acs.energyfuels.8b02657.

31. 	 Da-yang, T.E., Fifen, J.J., Malloum, A., et al., New J. Chem. 44(9): 
3637(2020). https://doi.org/10.1039/C9NJ05169D.

32. 	 Nilsson, K.B., Eriksson, L., Kessler, V.G., et al., J. Mol. Liq. 131: 
113(2007). https://doi.org/10.1016/j.molliq.2006.08.060.

33. 	 Zhang, X.J., Chen, Z., Zhou, Y., et al., Sci. Total Environ. 648: 
798(2019). https://doi.org/10.1016/j.scitotenv.2018.08.206.

34. 	 Safron, A., Strandell, M., Kierkegaard, A., et al., Int. J. Chem. Kinet. 
47(7): 420(2015). https://doi.org/10.1002/kin.20919.

ABOUT THE AUTHORS
We chose this topic to research because most paper 
mills still have problems with release of malodorous 
gases, which harm the air environment and human 
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