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Abstract. Anaerobic digestion is a method for treating living and industrial wastewater by
anaerobic degradation of organic compounds, which can produce biogas (carbon dioxide and
methane mixture) and microbial biomass. And biogas as a renewable resource, can replace the
use of ore fuel. In the process of anaerobic digestion, the problems of low methane yield and
unstable reaction process are often encountered, which limits the widespread use of this
technology. Various inhibitors are the main limiting factors for anaerobic digestion. In this
paper, the main factors limiting anaerobic digestion are reviewed, and the latest research

progress is introduced.

1.Introduction

Anaerobic fermentation has many advantages, such as lower sludge yield, higher energy recovery rate
and lower reaction energy consumption. Thermophilic digestion in anaerobic digestion is more stable
than mesophilic digestion, and it can destroy viruses, bacteria, and other pathogens in wastewater
more thoroughly. Despite these advantages, however, some operational constraints still hinder the
widespread use of anaerobic digestion[1]. In anaerobic digestion, microbial anaerobic metabolism
pathways are extremely complex, and acid production and methane production are produced by
microorganisms respectively. There are great differences in the reaction stage, substrate requirements,
growth environment and environmental sensitivity[2]. How to maintain the stable metabolism
between these two stages is the main way to solve the problem of anaerobic digestion instability. As
inhibitors are ubiquitous in wastewater and anaerobic sludge, they are generally considered to be the
major factors responsible for anaerobic digestion. A variety of substances have been reported to
inhibit anaerobic digestion[3]. When a substance changes adversely in the microbial population or
inhibits the growth of bacteria, it can be identified as an inhibitory substance. Inhibition generally
refers to the reduction of methane yield and accumulation of volatile organic acids. This paper mainly
introduces the development status of anaerobic digestion, and the summary of various inhibitors that
in anaerobic process is to focus on: (1) inhibition mechanism, (2) the inhibition effect factors, (3) the
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actual problems in the wastewater treatment process.

2.Inhibitors

In the anaerobic process, the decomposition of anaerobic microorganisms using organic matter to
produce methane is the main stage of anaerobic reactions. Therefore, in discussing the influencing
factors of anaerobic biological treatment, the factors that affect methanogens are generally discussed.
The main influencing factors are temperature, pH,presence of other ions ,toxic substances and so on.

2.1 Temperature

The effect of temperature on anaerobic microorganisms is particularly significant; anaerobic bacteria
can be divided into thermophilic bacteria (or high temperature bacteria), thermophilic bacteria
(medium temperature bacteria); accordingly, anaerobic digestion is divided into: high temperature
digestion (55°C or so) And the medium temperature digestion (35°C or so); the reaction rate is about
1.5 to 1.9 times, the medium temperature digestion, the gas production rate is higher, but the methane
content of the gas is low; when dealing with pathogens and parasite eggs, Sludge, the high
temperature digestion can achieve a better hygienic effect, and the dewatering performance of the
sludge after digestion is also good[4]. With the development and application of the new anaerobic
reactor, the effect of temperature on anaerobic digestion is no longer important The biomass in the
new reactor is very large) and can therefore be carried out at room temperature (20 to 25°C) to save
energy and operating costs[5].

2.2 pH and alkalinity

pH is the most important factor in the process of anaerobic digestion. Methanogens are very sensitive
to pH changes, and are generally considered to have an optimum pH range of 6.8 to 7.2.The
methanogenic bacteria will be seriously inhibited, and further lead to the deterioration of the whole
anaerobic digestion process; anaerobic system pH value by a variety of factors: influent pH, water
quality (organic matter, organic species, etc.)[6]. The biochemical reaction, acid-base balance, and
gas-solid solution between the dissolution balance[7]. Anaerobic system is a pH buffer system, mainly
controlled by the carbonate system.The system of fatty acid content increase (cumulative ) will
consume -HCO;3 in general, so that the pH drop[8].But the role of methanogens can not only consume
fatty acids, but also produce-HCO3 cause the system's pH rise[9]. Alkalinity was once considered an
important factor in anaerobic digestion. But in fact, its role is to ensure that the anaerobic system has
a certain buffer capacity to maintain the appropriate pH. The anaerobic system in the event of
acidification. It takes a long time to recover[10].

The interaction between free ammonia, pH and volatile fatty acids may lead to "suppressing steady
state", which runs stably, but has lower methane production [11, 12]. Microbial growth The optimum
pH control may reduce the toxicity of ammonia [13]. It is reported that the acidification of crab
wastewater improves the performance of UASB reactors, such as the lower COD concentration of
effluent [14]. During the anaerobic digestion of cattle manure, as the pH is adjusted to 7.2 to 6.8,
methane production will also increase up to four to five times as high as possible[15]. During
anaerobic digestion of pig manure, the volatile fatty acid reached 320mg/L when pH was 8. Adjusting
the pH to 7.4 resulted in the VFAs re-use and reduced VFAs concentration of 20mg/L. The reason for
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this phenomenon may be due to the inhibition of ammonia inhibition under low pH conditions[16].
More worthy of attention is that both methane and acid-producing microorganisms have their
optimum pH. Even though ammonia is at a secure standard, failure to keep the pH within the proper
range may cause reactor failure[16,17].

2.3 Presence of other ions

Studies have shown that some metal ions can inhibit the anaerobic digestion process, such as Mg,
Na" and Ca?*, which is due to the existence of other ions, resulting in the decline of the toxicity of
ions[18-20]. Ammonia and sodium show antagonism in anaerobic digestion process, an ion can
antagonize another ions generated toxicity. Under normal circumstances, 0.15 M ammonia can lead to
a decrease to acetic acid production by 20%, but when adding 0.05 M of Na* in the system, methane
production will increase by 5% (without the addition of the inhibitor sample)[21]. The effect of the
ion combination is higher than that of single ionic. For example, when Na* and K* or Na* and Mg?**
are combined, methane production will increase by 10% compared with the single addition of Na*[22].
It is reported that when NH4Cl up to 30g/L, adding 10% (w/v) phosphate can stimulate animal manure
to produce biogas increased[23]. This stimulating effect of the phosphoric acid nucleic acid is due in
part to the fact that the biomass is immobilized on the mineral particles, which prevents the rinsing of
biomass from the reactor. Due to the antagonistic effect of phosphate rock (K*, Ca?*, Mg?") minerals,
inhibition of ammonia is also considered partly due. However, inhibition due to more than 50g/L of
NH4Cl is irreversible and cannot be eliminated by the addition of phosphate[24].Although they are
essential for microbial growth, they also affect the specific growth rates of other nutrients. Even if the
medium stimulates the growth of microorganisms, the excess will slow down the growth rate, and
even higher concentrations can cause severe inhibition or toxicity.

2.4 Toxic substances

Sulfates and other sulfur oxides are easily reduced to sulfides during anaerobic digestion[25]. When
the soluble sulfide reaches a certain concentration, the anaerobic digestion process is mainly due to
the production of methane processes[26]. Some metals such as Fe can remove S*, or from the system
to remove H»S can reduce the inhibition of sulfide and ammonia nitrogen is anaerobic digestion of the
buffer.But the concentration is too high, so it will produce toxic effects on the anaerobic digestion
process[27].At the same time, heavy metals will cause damage to the enzyme system of anaerobic
bacteria, cyanide is also toxic substances[28-30].Sulfate reducing bacteria can reduce sulfate to
sulfide in an anaerobic reactor. Sulfate reducing bacteria can be divided into two groups, one is
incomplete oxidation, mainly degrading ethyl lactate and CO», the other is complete oxidation and
oxidation of acetic acid to CO.. Sulfate reduction resulted in inhibition of two stages. The main
inhibition was due to the competition between SRB for organic matter and inorganic substance, which
inhibited the CH4 production. The toxicity of sulfide to different bacterial communities is the result of
secondary inhibition.

3. Engineering significance in industry

3.1. Food processing industry wastewaters
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In food processing industry, anaerobic digestion process can be used in vegetable and fruit canning,
milk and dairy products, meat and seafood processing and starch sugar production process. The
content of organic matter in food processing wastewater, anaerobic digestion treatment is ideal for use.
However, due to the presence of inhibitors, the application of this technique may be hindered. Ion of
seafood processing wastewater containing high concentration, including Na*, CI- and sulfate etc.. Also
the production of high salt wastewater in vegetables, milk dairy processing industry. Contains a lot of
fat, protein and carbohydrate in milk production in dairy wastewater. Contain fat, blood, feces and
recalcitrant organic substances in meat processing wastes. The degradation of these proteins and lipids
resulted in accumulation of ammonia and long-chain fatty acids, thereby inhibiting the activity of
anaerobic microorganisms [31]. These wastes also contain certain concentrations of fungicides and
disinfectants, which also inhibit the anaerobic digestion reaction[32]. However, the increase of C / N
ratio and dilution can reduce the toxicity of these inhibitors in the combined digestion process.

3.2 Papermaking wastes

Papermaking wastewater mainly comes from the industrial production of paper pulp washing and
bleaching two production process. When washing, the effluent is called black water. The
concentration of pollutants in black water is very high, and contains a lot of fiber, inorganic salts and
pigments and other substances. Papermaking wastewater discharged from the bleaching process also
contains a large amount of acid and alkali substances called white water, which contains a large
number of fibers and fillers and resins added to the production process.Sulfates are produced mainly
in sulfite pulping processes[33, 34]. The removal of sulfide can be realized by converting sulfide ions
into elemental sulfur by sulfur bacteria. Removal of sulfate from COD and newsprint mill wastewater
by two-stage anaerobic aerobic process reported by Chen and Horan. In the process of peeling
wastewater, tannin contributed up to 50% of COD. It is well known that they exhibit methane toxicity
that is proportional to the degree of polymerization. Many studies show that halogen compounds are
toxic to anaerobic microorganism. In the papermaking process, a large amount of halogenated
substances are produced in the bleaching process, and the anaerobic microorganisms are toxic to the
wastewater. Some organic inhibitors can be microbial degradation[33]. Therefore, it is important to
clarify the sources of inhibitors that may be contained in the waste water for subsequent anaerobic
biological treatment.

3.3 Weaving industry wastes

The wastewater from weaving industry is mainly derived from washing, bleaching and dyeing
processes of fibrous matter. Several laboratory scale studies show the ability of anaerobic / aerobic
biological treatment of textile wastewater[35]. Other studies have shown that textile wastewater easily
inhibits methane production and COD removal. Textile wastewater may be potential inhibitors of
components of dyes, auxiliaries (polyacrylic acid, phosphonic acid), surfactant (alkyl phenol
polyoxyethylene ether), chloroform, and heavy metals[36, 37].

4. Conclusion
Anaerobic digestion is a kind of waste treatment technology that uses anaerobic microorganisms to
degrade the waste to produce methane. It is mainly used in domestic wastewater and industrial waste.
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But solid waste or wastewater may contain substances that inhibit normal anaerobic reactions, and
even toxic substances. It is mainly ammonia, sulfide, heavy metals etc.. The accumulation of these
inhibitors can lead to abnormal processes in anaerobic digestion, such as decreased methane
production or reduced methane content. Due to the different reaction substrates and experimental
conditions, the research results of inhibition factors in anaerobic process are different. Therefore, the
stable operation of anaerobic reaction can be ensured only when the composition information of
anaerobic reaction substrate is known. The present study results show that, with other waste digestion,
and in anaerobic reaction before the removal of inhibitory substances in the substrate, can improve the
ability of anaerobic microorganisms resistance to toxic substances, so as to improve the efficiency of
anaerobic digestion.

5. Acknowledgments

This work was supported by the National Key Technology Research and Development Program of the
Ministry of Science and Technology of China [grant numbers 2014BAC25B01, 2014BAC28B01]; the
Technology Development Plan of Jiangsu Province, China [grant number BE2015662]; and the Open
Subject of Jiangsu Key Laboratory of Anaerobic Biotechnology [grant number JKLAB201605].

References

[1] DUPLA M, CONTE T, BOUVIER J C, et al. Dynamic evaluation of a fixed bed anaerobic
digestion process in response to organic overloads and toxicant shock loads [J]. Water Science &
Technology A Journal of the International Association on Water Pollution Research, 2004, 49(1):
61-8.

[2] KELLEHER B P, LEAHY J J, HENIHAN A M, et al. Advances in poultry litter disposal
technology--a review [J]. Bioresour Technol, 2002, 83(1): 27-36.

[3] DEMIREL B, YENIG N O. Two - phase anaerobic digestion processes: a review [J]. Journal of
Chemical Technology & Biotechnology, 2002, 77(7): 743-55.

[4] BOUCQUEY J B, RENARD P, AMERLYNCK P, et al. High-rate continuous biodegradation of
concentrated chlorinated aliphatics by a durable enrichment of methanogenic origin under
carrier-dependent conditions [J]. Biotechnology & Bioengineering, 1995, 47(3): 298-307.

[5] LLOYD K G, ALPERIN M J, TESKE A. Environmental evidence for net methane production
and oxidation in putative ANaerobic MEthanotrophic (ANME) archaea [J]. Environmental
Microbiology, 2011, 13(9): 2548-64.

[6] FANG H H, LIU H. Effect of pH on hydrogen production from glucose by a mixed culture [J].
Bioresource Technology, 2002, 82(1): 87.

[7] LIY, ZHU J, WU X, et al. The effect of pH on continuous biohydrogen production from swine
wastewater supplemented with glucose [J]. Applied Biochemistry & Biotechnology, 2010, 162(5):
1286-96.

[8] RAY S, CHOWDHURY N, LALMAN J A, et al. Impact of Initial pH and Linoleic Acid (C18:2)
on Hydrogen Production by a Mesophilic Anaerobic Mixed Culture [J]. Journal of Environmental
Engineering, 2008, 134(2): 110-7.

[9] PRAKASHAM R S, BRAHMAIAH P, SATHISH T, et al. Fermentative biohydrogen production
by mixed anaerobic consortia: Impact of glucose to xylose ratio [J]. International Journal of Hydrogen



CEESD 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 112 (2018) 012006  doi:10.1088/1755-1315/112/1/012006

Energy, 2009, 34(23): 9354-61.

[10] STAVROPOULOS K P, KOPSAHELIS A, ZAFIRI C, et al. Effect of pH on Continuous
Biohydrogen Production from End-of-Life Dairy Products (EoL-DPs) via Dark Fermentation [J].
Waste & Biomass Valorization, 2016, 7(4): 753-64.

[11] DUNFIELD P, KNOWLES R, DUMONT R, et al. Methane production and consumption in
temperate and subarctic peat soils: response to temperature and pH [J]. Soil Biology & Biochemistry,
1993, 25(3): 321-6.

[12] BERGMAN I, BO H S, NILSSON M. Regulation of methane production in a Swedish acid mire
by pH, temperature and substrate [J]. Soil Biology & Biochemistry, 1998, 30(6): 729-41.

[13] GLATZEL S, STAHR K. Methane and nitrous oxide exchange in differently fertilised grassland
in southern Germany [J]. Plant & Soil, 2001, 231(1): 21-35.

[14] HORIUCHI J I, SHIMIZU T, TADA K, et al. Selective production of organic acids in anaerobic
acid reactor by pH control [J]. Bioresour Technol, 2002, 82(3): 209-13.

[15]ZOETEMEYER R J, HEUVEL J C V D, COHEN A. pH influence on acidogenic dissimilation of
glucose in an anaerobic digestor [J]. Water Research, 1982, 16(3): 303-11.

[16] DAI X, LI X, ZHANG D, et al. Simultaneous enhancement of methane production and methane
content in biogas from waste activated sludge and perennial ryegrass anaerobic co-digestion: The
effects of pH and C/N ratio [J]. Bioresource Technology, 2016, 216(323-30.

[171ZHANG C, SU H, BAEYENS J, et al. Reviewing the anaerobic digestion of food waste for
biogas production [J]. Renewable & Sustainable Energy Reviews, 2014, 38(5): 383-92.

[18] MCCARTNEY D M, OLESZKIEWICZ J A. Sulfide inhibition of anaerobic degradation of
lactate and acetate [J]. Water Research, 1991, 25(2): 203-9.

[19] BRAUN R, HUBER P, MEYRATH J. Ammonia toxicity in liquid piggery manure digestion [J].
Biotechnology Letters, 1981, 3(4): 159-64.

[20] HENDRIKSEN H V, AHRING B K. Effects of ammonia on growth and morphology of
thermophilic hydrogen-oxidizing methanogenic bacteria [J]. Fems Microbiology Letters, 1991, 85(3):
241-6.

[211ZHOU H B, QIU G Z. Inhibitory effect of ammonia nitrogen on specific methanogenic activity
of anaerobic granular sludge [J]. Journal of Central south University, 2006, 13(1): 63-7.

[22] SCHNEIDERS D, SILVA J D D, TILL A, et al. Specific Methanogenic Activity (SMA) of
industrial sludge from the aerobic and anaerobic biological treatment [J]. Ambiente E Agua An
Interdisciplinary Journal of Applied Science, 2013, 8(2): 135-45.

[23] SOLON K, FLORES-ALSINA X, MBAMBA C K, et al. Effects of ionic strength and ion pairing
on (plant-wide) modelling of anaerobic digestion [J]. Water Research, 2015, 70(235-45.

[24] XAVIER F A, CHRISTIAN K M, KIMBERLY S, et al. A plant-wide aqueous phase chemistry
module describing pH variations and ion speciation/pairing in wastewater treatment process models
[J]. Water Research, 2015, 85(255-65.

[25]CHEN J L, ORTIZ R, STEELE T W J, et al. Toxicants inhibiting anaerobic digestion: A review
[J]. Biotechnology Advances, 2014, 32(8): 1523-34.

[26] DONG C J, PAN Q Y. Inorganic and Organic Toxicants in Anaerobic Digestion of Industrial
Wastewater [J]. Environmental Protection of Chemical Industry, 2001,



CEESD 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 112 (2018) 012006  doi:10.1088/1755-1315/112/1/012006

[27] HICKEY R F, VANDERWIELEN J, SWITZENBAUM M S. The effects of organic toxicants on
methane production and hydrogen gas levels during the anaerobic digestion of waste activated sludge
[J]. Water Research, 1987, 21(11): 1417-27.

[28] MUDHOO A, KUMAR S. Effects of heavy metals as stress factors on anaerobic digestion
processes and biogas production from biomass [J]. International Journal of Environmental Science &
Technology, 2013, 10(6): 1383-98.

[29] LI Y, YANG Y, JIANG W, et al. Integrated treatment of municipal sewage sludge by deep
dewatering and anaerobic fermentation for biohydrogenproduction [J]. Environmental Science &
Pollution Research International, 2015, 22(4): 2599-609.

[30] GUPTA P, AHAMMAD S Z, SREEKRISHNAN T R. Improving the cyanide toxicity tolerance
of anaerobic reactor: Microbial interactions and toxin reduction [J]. Journal of Hazardous Materials,
2016, 315(52.

[31] VIDAL G, CARVALHO A, M NDEZ R, et al. Influence of the content in fats and proteins on the
anaerobic biodegradability of dairy wastewaters [J]. Bioresource Technology, 2000, 74(3): 231-9.

[32] SALMINEN E A, RINTALA J A. Anaerobic Digestion of Poultry Slaughtering Wastes [J].
Environmental Technology, 1999, 20(1): 21-8.

[33] ALI M, SREEKRISHNAN T R. Aquatic toxicity from pulp and paper mill effluents: a review [J].
Advances in Environmental Research, 2001, 5(2): 175-96.

[34] THOMPSON G, SWAIN J, KAY M, et al. The treatment of pulp and paper mill effluent: a
review [J]. Bioresource Technology, 2001, 77(3): 275.

[35] VANDEVIVERE P C, BIANCHI R, VERSTRAETE W. ChemInform Abstract: Treatment and
Reuse of Wastewater from the Textile Wet - Processing Industry: Review of Emerging Technologies
[J]. Cheminform, 1998, 29(43): no-no.

[36] FEITKENHAUER H. Fast online determination of surfactant inhibition in acidic phase
bioreactors [J]. Water Science & Technology A Journal of the International Association on Water
Pollution Research, 2004, 49(1): 23-9.

[371LEE Y H, PAVLOSTATHIS S G. Reuse of Textile Reactive Azo Dyebaths following Biological
Decolorization [J]. Water Environment Research, 2004, 76(1): 56-66.



