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Abstract: Because of its manifold advantages over pollution control and energy recovery, the anaerobic digestion process is 

increasingly being used for treatment practice for industrial wastes. It is also advantageous over aerobic treatment for low sludge 

production and low energy requirements. However, process instability, low biogas yield, and the presence of inhibitory substances are 

the problems that often encounter in anaerobic digestion, preventing it from being widely applied. Anaerobic degradation is sensitive to 

toxicants and a wide range of inhibitory substances are the primary cause of anaerobic digester upset or failure since they are present in 

substantial concentrations in wastes. Extensive efforts were made over the years to identify them, their mechanism of toxicity and the 

controlling factors of inhibition in anaerobic digestion. In this review, we present a detailed and critical summary of research conducted 

on the inhibition of anaerobic processes by inorganic toxicants and heavy metals. The inhibitors commonly present in anaerobic 

digesters include ammonia, sulfides, various light metal and heavy metal ions 
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1. Introduction 
 

Developing green and sustainable technology for the 

industrial effluent treatment is a very significant research 

area in this epoch of industrial and societal development. 

Phenol is one such major pollutant in the wastewater 

because of its presence in the effluent of major processing 

and refining plants. It has very severe short and long term 

effects on living beings. Phenol is used in different 

industries such as petrochemical, oil refinery, insecticides, 

resin, plastic, pharmaceutical, leather, textile and paper 

(Mohammad Javad et al 2015). The concentration of 

phenolic compounds in the effluents of these industries is 

varied between one and hundreds of milligrams per liter 

(Pan et al., 2008; Quintanilla et al., 2008). Phenolic 

compounds are classified as mutagenic, teratogenic, and 

carcinogenic compounds (Quintanilla et al., 2008). Due to 

their inhibitory effect on ecological systems. The United 

States Environmental Protection Agency (USEPA) has 

introduced these compounds as the priority pollutants 

(Chang et al., 1995; Rappoport, 2003). Phenol has its toxic 

effects on the life of fishes and consequently threatens 

aqueous environments above its concentration higher than 1 

mg/L (Busca et al., 2008). Therefore, phenol-containing 

wastewater must be purified before its discharge into the 

water bodies and land. 

 

Several physical, chemical, and biological methods were 

used for phenol removal (Karthik et al., 2008). However, 

phenol removal by the biological method is preferred over 

physical and chemical methods because of low risk and cost 

effective (Liu et al., 1996). Various treatment techniques are 

used for removal of the phenol from wastewater such as 

adsorption, photodecomposition, volatilization and other 

biological and non-biological methods. The conception of 

using biological treatment to remove phenol was first 

reported in the 1920s (Vipulanandan C et al, 1994). Since 

then there have been many reports that discuss the general 

design and operational guidelines for biological treatment of 

wastewater containing phenolic compounds. The existence 

of microbes capable of degrading phenolic compounds has 

been studied in laboratory experiments (Essa et al., 1997). In 

the light of current global consciousness of environmental 

sustainability, the anaerobic treatment method is regarded as 

a promising process and is widely used for the treatment of 

municipal sludge and limited application in the treatment of 

organic industrial wastes, including fruit and vegetable 

processing wastes, packing house wastes, and agricultural 

wastes (Parkin and Miller, 1983). Despite poor operational 

stability, preventing it from being widely commercialized 

(Dupla et al., 2004), anaerobic digestion offers several 

significant advantages, such as low sludge production, low 

energy requirement, and possible energy recovery (Ghosh 

and Pohland, 1974; van Staikenburg, 1997) including 

additional benefits such as a high degree of waste 

stabilization, more thorough eradication of viral & bacterial 

pathogens, and improved post-treatment sludge dewatering 

(Lo et al., 1985). Anaerobic digesters further contribute to 

reducing greenhouse gas emissions (L. Yu et al, 2008 ; M. 

Lantz et al, 2007 ; I. M. Buendía et al, 2009). Generation of 

nutrient rich digestate, which can be used as fertilizer (] M. 

Berglund et al, 2006; J. B. H. Nielsen et al, 2009; D. Botheju 

et al, 2007) is an added advantage. These merits of anaerobic 

digestion have led to a rapid growth of its application. 

 

In anaerobic digestion, the acidogenic and methanogenic 

microorganisms differ widely in terms of physiology, 

nutritional needs, growth kinetics, and sensitivity to 

environmental conditions (Pohland and Ghosh, 1971). 

Instability in the reactor is often caused due to failure in 

maintaining the balance between these two groups of 

microorganisms (Demirel and Yenigu, 2002). Apart from 

this, a wide range of reasons has been reported to inhibit 

anaerobic treatment. Inhibitory substances are often found to 

be the foremost cause of anaerobic reactor upset and failure 

since they are present in significant concentrations in 

wastewaters and cause an adverse shift in the microbial 

population or inhibition of bacterial growth. Inhibition is 
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usually indicated by a decrease in the steady-state rate of 

methane gas production and accumulation of organic acids 

(Kroeker et al., 1979). In the present study, an attempt is 

made to present the survey of the previous and current 

research on the inhibition of anaerobic processes by various 

organic and inorganic compounds, metal ions etc. focusing 

on their mechanisms of inhibition, the factors affecting 

inhibition, and problems encountered while operating waste 

treatment processes. 

 

2. Inhibitors 
 

Inhibition By Inorganic Toxicants 

Study of anaerobic digestion shows considerable variation in 

the inhibition/toxicity levels reported for many organic and 

inorganic substances and some physical reasons. The major 

reason for these variations is the complexity of the anaerobic 

digestion process where the mechanism of acclimatization 

and complexing significantly affects the inhibition. 

 

Inhibition by Sulfide 

Sulfur is a common constituent of many industrial 

wastewaters that is present in the form of sulfates, sulfides, 

shulfites etc (O‟Flaherty et al., 1998a). Sulfate is reduced to 

sulfide by the reducing bacteria during anaerobic 

degradation (Koster et al., 1986; Hilton and Oleszkiewicz, 

1988). This reduction is performed by two major groups of 

SRB including incomplete oxidizers and complete oxidizers. 

Incomplete oxidizers reduce the compounds such as lactate 

to acetate and carbon di-oxide, and complete oxidizers 

completely convert acetate to CO2 and HCO
3-

. Inhibition by 

sulfur exist in two staged due to sulfate reduction. Primary 

inhibition is due to the presence of organic and inorganic 

substrates which suppresses methane production(Harada et 

al., 1994), while the secondary inhibition is due toxicity of 

the sulfide to various bacterial population. (Anderson et al., 

1982; Oude Elferink et al., 1994; Colleran et al., 1995; 

Colleran et al., 1998). However, it was found that addition of 

activated carbon at concentrations 2.5% (w/w), removed 

most of the sulfide in solution. Although activated carbon 

did not adsorb ammonia, it reduced inhibition of ammonia 

by removing sulfide, which otherwise would act 

synergistically with ammonia (Hansen et al., 1999). 

 

Sulfide is toxic to methanogens as well as to the sulfate 

reducing bacteria themselves (Winfrey and Zeikus, 1977; 

Karhadkar et al., 1987; McCartney and Oleszkiewicz, 1991; 

Reis et al., 1992; Okabe et al., 1995). Sulfate reducing 

bacteria do not degrade natural biopolymers such as starch, 

glycogen, protein, or lipids and thus depend on the activity 

of other organisms for providing them with degradation 

products (Hansen, 1993). Although a few strains of sulfate 

reducing bacteria have been shown to utilize sugars and 

amino acids as substrate (Klemps et al., 1985; Min and 

Zinder, 1990), vigourous growth of sulfate reducing bacteria 

on typical acedogenic substrates is not common (Hansen, 

1993). It is generally agreed that sulphate reducing bacteria 

cannot effectively compete against the fast-growing 

fermentative microorganisms involved in monomer 

degradation (Postgate, 1984; O‟Flaherty et al. (1999) 

conducted tests to detect sulfate reducing bacteria in an 

anaerobic digester fed with glucose and lactose. No change 

of their degradation rates was detected upon addition of 

sulfate, indicating that sulfate reducing bacteria species did 

not play any substantial role in the degradation of glucose 

and lactose. 

  

Inhibitiory action between sulfur reducting bacteria and 

methane producing bacteria is contradictory. Rinzema and 

Lettinga, 1988; Alphenaar et al., 1993; Stucki et al., 1993; 

Gupta et al., 1994 reported unbeaten competition of sulfur 

reducting bacteria, whereas some authors reported 

supremacy of methane producing bacteria (Colleran et al., 

1998; De Smul et al., 1999; Colleran and Pender, 2002, Isa 

et al., 1986a,b; O‟Flaherty et al., 1998a; Omil et al., 1996a; 

Oude Elferink et al., 1994; Rinzema et al., 1988; Visser et 

al., 1993). O‟Flaherty et al. (1998b) linked the performance 

of reducting bacteria and methane producing bacteria at 

different pH values. Oude Elferink et al. (1994) observed 

that the initial population of SRB played a role in the 

competition between sulfur reducting bacteria and methane 

producing bacteria . Colleran and Pender (2002) concluded 

that aceticlastic methanogens predominated because sulfur 

reducting bacteria have a lower affinity for acetate than for 

other substrate 

 

Quite a few processes have been applied to promote the 

removal of dissolved sulfate to prevent sulfide toxicity in the 

wastewater stream, although in general this considered 

uninvited because of the increase in the total volume of 

wastewater to be treated. An alternative way to reduce the 

sulfide concentration in an anaerobic system can be by 

incorporating a sulfide removal step in the whole process 

that include stripping, chemical coagulation, oxidation, 

precipitation or partial oxidation to elemental sulfur (Oude 

Elferink et al., 1994; Song et al., 2001). Adaptation of 

deagrading bacteria to free hydrogen sulfide in reactor 

system with fixed biomass, could increase their tolerance to 

sulfide. Isa et al. (1986a) reported that acclimatized 

aceticlastic and hydrogenotrophic methane producing 

bacteria were only slightly withdrawn at more than 1000 

mg/L free hydrogen sulphide. 

 

Inhibition By Ammonia 

The biodegradation of the nitrogenous matter, which is 

mostly in the form of proteins and urea, is converted into 

ammonia (Kayhanian, 1999). Whittmann et al. (1995) 

proposed a number of mechanisms for ammonia inhibition, 

such as inhibition of a specific enzyme reaction, change in 

the intracellular pH or the increase of maintenance energy 

requirement. Inorganic ammonia exists in the form of 

ammonium ion and free ammonia in aqueous solution. This 

free ammonia has been suggested to be the main cause of 

inhibition as it is freely membrane-permeable (Kroeker et 

al., 1979; de Baere et al., 1984). The hydrophobic ammonia 

molecule may diffuse passively into the cell, causing proton 

imbalance, and/or potassium deficiency (Sprott and Patel, 

1986; Gallert et al., 1998). Out of the four types of anaerobic 

microorganisms, the methanogens are the most intolerant 

show decrease in growth rate due to ammonia inhibition 

(Kayhanian, 1994) and with an increase in ammonia 

concentrations, acidogenic microorganisms in the granular 

sludge were almost unaffected while the methanogenic 

population lost 56.5% of its activity (Koster and Lettinga, 

1988). Among the methanogens, the strains isolated from 

sludge digesters, i.e. Methanospirillum hungatei, 
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Methanosarcina barkeri, Methanobacterium 

thermoautotrophicum, and Methanobacterium formicicum, 

Methanospirillum hungatei was the most sensitive to free 

ammonia ( inhibition at 4.2 g/L) while the other three strains 

were resistant to ammonia levels higher than 10 g/L (Jarrell 

et al., 1987). However, there is contradictory information 

about the sensitivity and tolerance of aceticlastic and 

hydrogenotrophic methanogens.  

  

Some research based on the comparison of methane 

production and growth rate indicated that the inhibitory 

effect was in general stronger for the acetoclastic than for 

the hydrogenotrophic methanogens (Koster and Lettinga, 

1984; Zeeman et al., 1985; Sprott and Patel, 1986; 

Bhattacharya and Parkin, 1989; Robbins et al., 1989; 

Angelidaki and Ahring, 1993; Borja et al., 1996a), while 

others observed the relatively high resistance of acetate 

consuming methanogens to high levels as compared to 

hydrogen utilizing methanogens (Zeeman et al., 1985; 

Wiegant and Zeeman, 1986). It is believed that ammonia 

concentrations below 200 mg/L are favourable to anaerobic 

process since nitrogen is an essential nutrient for anaerobic 

microorganisms (Liu and Sung, 2002).  

 

A wide range of inhibiting ammonia concentrations has been 

reported in the literature with the inhibitory total ammonia 

nitrogen concentration that caused a 50% reduction in 

methane production ranging from 1.7 to 14 g/L ( Angelidaki 

and Ahring, 1993; Angelidaki and Ahring, 1994; Borja et 

al., 1996 ; Boardman and McVeigh, 1997; Bhattacharya and 

Parkin, 1989; Braun et al., 1981; Bujoczek et al., 2000; de 

Baere et al., 1984; Chamy et al., 1998; De Jarrell et al., 

1987; Gallert and Winter, 1997; Guerrero et al., 1997; 

Gallert et al., 1998; Hashimoto, 1986; Hansen et al., 1998; 

Hendriksen and Ahring, 1991; Krylova et al., 1997; Kroeker 

et al., 1979; Kayhanian, 1994; Koster and Lettinga, 1988; 

Poggi- Varaldo et al. 1998; Parkin and Miller, 1983; Sung 

and Liu, 2003; Soubes et al., 1994; Zeeman et al., 1985) . 

The inhibition caused by ammonia can be attributed to the 

differences in nature of the substrates and the inocula, 

presence of other metallic and non-metallic ions, 

temperature & pH of the digester, and acclimatization 

periods (van Velsen et al., 1979; de Baere et al., 1984; 

Hashimoto, 1986; Angelidaki and Ahring, 1994).  

 

Around 10% increase in methane yield is reported in 

presence of combination of Na
+
 and K

+ 
or Na

+
 and Mg

2+
 

compared to that produced by Na+ alone (Kugelman and 

McCarty, 1964). Certain ions such as Na+, Ca2+, and Mg2+ 

were found to be antagonistic to ammonia inhibition, 

(McCarty and McKinney, 1961; Braun et al., 1981; 

Hendriksen and Ahring, 1991). Ammonia and sodium 

showed mutual antagonism, a situation where each ion can 

antagonize the toxicity produced by another ion. While the 

concentration of 0.15 M ammonia reduced the methane 

production from acetic acid by 20%, addition of 0.002–0.05 

M Na+ produced 5% more methane compared to a sample 

without addition of the inhibitor.  

 

An increased process temperature, in general, has a positive 

effect on the microbial growth rates that also results in a 

higher concentration of free ammonia. Researchers have 

found that anaerobic fermentation with a high concentration 

of ammonia was less inhibited and more stable at mesophilic 

temperatures than at thermophilic temperatures (Braun et al., 

1981; Parkin and Miller, 1983). A decrease in temperature 

from 60 
0
C to 37 

0
C in anaerobic digesters with a high 

ammonia concentration indicated an increase in biogas yield, 

providing a respite from inhibition as indicated by an 

increase in biogas yield (Angelidaki and Ahring, 1994; 

Hansen et al., 1999). At 50
0
C, thermophilic digestion of cow 

manure with a total ammonia concentration above 3 g/L was 

found to be very difficult (Hashimoto, 1983). Contrary to 

these findings, Gallert and Winter (1997) reported that 

methane production was inhibited 50% by 0.22 g/L FA at 37 
0
C and by 0.69 g/L FA at 55

0
C, indicating that thermophilic 

flora tolerated at least twice as much FA as compared to 

mesophilic flora.  

 

Acclimatization also influence the extent of ammonia 

inhibition. It was first reported during sludge digestion, 

dealing with adaptation of methanogens to ammonia by 

gradually exposing them to a wide variety of potentially 

inhibitory substances (Melbinger and Donnellon (1971) ; 

Parkin and Miller, 1983; Speece, 1983; Speece and Parkin, 

1983). The adaptation may be the result increased tolerance 

in the predominant species of methanogenic microorganisms 

(Zeeman et al., 1985). Hashimoto (1986) reported that 

ammonia inhibition began at about 2.5 g/L and 4 g/L for 

unacclimated and acclimated thermophilic methanogens, 

respectively. Once adapted, they retain their viability at 

concentrations far exceeding the initial inhibitory 

concentrations (Kroeker et al., 1979; Parkin and Miller, 

1983; Bhattacharya and Parkin, 1989; Angelidaki and 

Ahring, 1993). Koster and Lettinga (1988) reported that 

unacclimatized methanogens were unable to produce 

methane at 0.9–2 g N/L, however, they produced methane at 

11 g N/L after adaptation. Successful functioning of 

anaerobic filters has been achieved at 6 g/L and 7.8 g/L after 

adaptation (Parkin et al., 1983; de Baere et al., 1984). Parkin 

and Miller (1983) reported that there was no significant 

decrease in methane production after acclimatization with 

the levels of free ammonia as high as 8–9 g/L of TAN. 

However, the methane yield was lower than that for reactors 

with a lower ammonia load (Koster and Lettinga, 1988; 

Borja et al., 1996a). 

 

pH has its effects on the growth of microorganisms during 

bio-degradation of waste containing nitrogenous matter. 

(Kroeker et al., 1979; Hashimoto, 1983, 1984; Hansen et al., 

1999). Since the FA itself is suggested to be the toxic, an 

increase in pH would result in increased toxicity (Borja et 

al., 1996b). Process instability due to ammonia often results 

accumulation of volatile fatty acids (VFAs), which again 

leads to a decrease in pH and thereby decreasing 

concentration of FA. The interaction between FA, VFAs and 

pH leads to an „„inhibited steady state‟‟, a condition where 

the process is running stably but with a lower methane yield 

(Angelidaki and Ahring, 1993; Angelidaki et al., 1993). 

However, control of pH within the growth optimum of 

microorganisms may reduce toxicity caused by ammonia 

(Bhattacharya and Parkin, 1989). Reducing pH from 7.5 to 

7.0 during thermophilic anaerobic digestion of cow manure 

also increased the methane production by four times 

(Zeeman et al., 1985). The better performance at pH 7.4 has 

been attributed to the relief of ammonia-induced inhibition 
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at low pH (Braun et al., 1981). It should also be noted that 

both methanogenic and acidogenic microorganisms have 

their optimal pH. Failing to maintain pH within an 

appropriate range could cause reactor failure although 

ammonia is at a safe level (Kroeker et al., 1979).  

  

To neutralize ammonia inhibition air stripping and chemical 

precipitation have been proven to be technically feasible at 

high ammonia concentrations and in a complex wastewater 

matrix (Kabdasli et al., 2000).The most common approach 

was to dilute the manure to a total solid level of 0.5–3.0%, 

which resulted in increase in waste volume making it 

economically unattractive (Callaghan et al., 1999). 

Immobilizing the microorganisms with different types of 

inert material (clay, activated carbon, zeolite) has been 

demonstrated to reduce inhibition of the biogas process and 

make the process more stable (Angelidaki et al., 1990; 

Nakhla et al., 1990; Borja et al., 1993; Hanaki et al., 1994; 

Hansen et al., 1998). It was found that increase in biomass 

retention time resulted in an effluent with a reduced 

concentration of biomass solids due to improved 

sedimentation. To allow the reactor to settle was promising 

ase it was easy and economical (Hansen et al., 1998). 

Addition of ionic exchangers or adsorbants such as natural 

zeolite and glauconite with high selectivity for ammonium 

ion, can remove inhibitors mitigate the ammonia inhibition 

(Borja et al., 1996a; Borja et al., 1996b; Hansen et al., 1998). 

Addition of cations such as Mg
2+

 or Ca
2+

 stabilizes 

anaerobic degradation (McCarty and McKinney, 1961).  

 

Inhibition due to Light Metal Ions 

 

Metals ions (Na, K, Mg, Ca etc) had their toxic effet on 

treatment process and their toxicity has been studied on the 

biological pitch for last many decades. High concentration 

level of these metal salts cause dehydration of bacterial cells 

due to osmotic pressure (de Baere et al.,1984;Yerkes et al., 

1997). The toxicity must be associated with the cations and 

anions both, however, the toxicity of salts was found to be 

chiefly determined by the cation present (McCarty and 

McKinney, 1961). The light metal ions including sodium, 

potassium, calcium, and magnesium present in the anaerobic 

digesters are suppose to be released by the breakdown of 

organic matter present or added of pH adjustment (Grady et 

al., 1999). In moderate concentrations these cations are 

required to stimulate microbial growth like any other 

nutrient, however the excessive amounts slow down the 

growth and concentrations can cause toxicity (Soto et al., 

1993a). 

 

Sodium Ions 

 

Effluent with high sodium content is produced mostly in the 

food processing industry (Soto et al., 1991). Soto et al 

(1991,1992, 1993a, 1993b) compared the mesophilic and 

thermophilic anaerobic filters treating effluents from a 

mussel cooking unit and reported that mesophilic reactor 

exhibited better performance than the thermophilic reactor 

due to the quick adaptation of mesophilic population to the 

high salinity of the wastewater. Sodium was found more 

toxic to propionic acid-utilizing microorganisms than to 

acetic acid-utilizing ones while dedrading volatile fatty acid 

This was in agreement with the conclusion of Liu and 

Boone‟s(1991) experiments who found the NaCl toxicity 

decreased in the order of lignocellulose-degrading > acetate-

utilizing > propionate- utilizing > H2/CO2-utilizing 

organisms. 

 

Because of its role in formation of adenosine triphosphate, 

sodium is essential for the growth of mesophilic anaerobes 

at low concentrations in the range of 100–200 mg/L, 

(Dimroth and Thomer, 1989; McCarty, 1964). The optimal 

conditions for mesophilic hydrogenotrophic methanogens 

was reported 350 mg Na+/L (Patel and Roth, 1977). 

Kugelman and Chin (1971) reported, the optimal sodium 

concentration for mesophilic aceticlastic methanogens in 

waste treatment processes was 230 mg Na+/L. The IC50 for 

has reported to be 5.6–53 g/L depending on the adaptation 

period, antagonistic/synergistic effects, substrate, and reactor 

configuration (Patel and Roth, 1977; Rinzema et al., 1988; 

Liu and Boone, 1991; Soto et al., 1993b; Feijoo et al., 1995; 

Omil et al., 1995a,b; Aspe´ et al., 1997; Kim et al., 2000; 

Vallero et al., 2002; Chen et al., 2003; Vallero et al., 

2003a,b). At high concentrations, sodium could inhibit the 

activity of microorganisms and get in the way with their 

metabolism (Kugelman and McCarty, 1964; Rinzema et al., 

1988; Gourdon et al., 1989; Balsleve-Olsen et al., 1990; 

Mende´z et al., 1995). McCart (1964)reported sodium 

concentrations of 8000 mg/L to strongly inhibit the 

methanoges at mesophilic temperatures. 

 

Rinzema et al. (1988) reported no adaptation of 

Methanothrix sp. to high sodium concentrations even after 

12 weeks. Similarly, when treating methanol in a sulfate-

reducing reactor, stepwise increases in NaCl could not 

increase the tolerance of sulfur reducing bacteria to sodium, 

indicating that the adaptation of thermophilic, sulfidogenic 

methanol-degrading bacteria to a high NaCl environment 

was unlikely to occur (Vallero et al., 2002, 2003a,b). This 

brought to a conclusion that aclimatization of methanogens 

to high concentrations of sodium over prolonged periods of 

time was required to increase the tolerance as well as 

acceptace and shorten the lag phase before methane 

production begins (de Baere et al., 1984; Feijoo et al., 1995; 

Omil et al., 1995a,b, 1996b; Chen et al., 2003). Mende´z et 

al. (1995) reported that IC90 of inocula was 12.0 g/L when 

sludge was taken from anaerobic reactor after one day of 

acclimatization and greater than 17.0 g/L when the 

acclimatization period was 719 days. Anaerobic filter sludge 

that treating high salinity wastewater for 2 years also 

exhibited better performance than sludge that had been 

sampled from a central activity digester employed for 

wastewater treatment for 1 year (Feijoo et al., 1995).  

 

Potassium Ions 

 

Maintenance of high levels of potassium in culture media or 

in a digester is undesirable since pure culture studies have 

shown that high levels of extracellular potassium (1.0 M) 

lead to a passive influx of potassium ions that neutralize the 

membrane potential (Jarrell et al., 1984). In addition, 

potassium is one of the best extractants for metals bound to 

the exchangeable sites in sludge. Ilangovan and Noyola 

(1993) observed the increase of micronutrients (Cu
2+

, Zn
2+

, 

Ni
2+

, Mo
2+

, Co
2+

) in a UASB reactor treating molasses 

stillage containing a high concentration of potassium. The 
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removal of the essential micronutrients from active sludge 

was believed to be responsible for the low activity of 

anaerobic methanogenic population. The toxic effect of 

potassium is rarely referenced in the literature. Low 

concentrations of potassium (less than 400 mg/L) were 

observed to cause an enhancement in performance in both 

the thermophilic and mesophilic ranges while at higher 

concentrations there was an inhibitory effect that was more 

pronounced in the thermophilic temperature range. Slug feed 

studies, in which the concentration of the cation was 

suddenly increased in actively fermenting cultures, were 

conducted to determine the toxicity of individual cations 

(Kugelman and McCarty, 1964). It was observed that 0.15 

M K+ caused 50% inhibition of acetate-utilizing 

methanogens. A series of studies have shown that K+ 

inhibits the thermophilic digestion of simulated coffee 

wastes (Fernandez and Forster, 1993, 1994; Shi and Forster, 

1994). Information about the sensitivity of different groups 

of microorganisms to potassium is conflicting. The results of 

batch tests using acetate as the carbon source showed that 

the gas production from both the control and samples with 

elevated K+ were identical, indicating that the inhibition 

could be at the acidogenic stage (Fernandez and Forster, 

1994). Mouneimne et al. (2003) investigated the biotoxicity 

of potassium using acetate and glucose as substrates and 

anaerobic sludge as inoculum. The IC50 for acetate-utilizing 

microorganisms was found to be 0.74 mol/L. However, the 

degradation rates of glucose were virtually unaffected by 

potassium, indicating that the acetate-utilizing 

microorganisms exhibited a greater sensitivity to the toxic 

effects of cations than the acid-forming ones. Sodium, 

magnesium, and ammonium were observed to mitigate 

potassium toxicity, with sodium producing the best results. 

Combinations of cations produce antagonism superior to that 

of single cations. The best results were obtained for 

combinations of sodium and calcium, and combinations of 

sodium, calcium and ammonia (Kugelman and McCarty, 

1964).  

 

Magnesium Ions:  

 

The optimal Mg
2+

 concentration was reported to be 720 

mg/L for the anaerobic bacterium Methanosarcina 

thermophila TM1 and a Methanosarcinae-dominated UASB 

reactor (Ahring et al., 1991; Schmidt and Ahring, 1993). 

Cultures could be adapted to 300 mM Mg
2+

 without a 

change in growth rate, but growth ceased at 400 mg/L Mg
2+

 

(Schmidt and Ahring, 1993). Magnesium ions at high 

concentrations have been shown to stimulate the production 

of single cells (Harris, 1987; Xun et al., 1988; Schmidt and 

Ahring, 1993). The high sensitivity of single cells to lysis is 

an important factor in the loss of aceticlastic activity in 

anaerobic reactors. 

 

Calcium Ions 

 

Calcium ions have a positive impact of reactors and are an 

essential cation required for the growth and formation of 

microbial aggregated of many strains of methanogens 

(Murray and Zinder, 1985; Thiele et al., 1990; Huang and 

Pinder, 1995). Very much less toxicity threshold is reported 

about the toxicity of Ca
2+

 in the anaerobic system ( 

Kugelman and McCarty 1964). Depite presence of large 

amout of calcium in effluent and the digester, Ca
2+

 

concentrations up to 7000 mg/L had no inhibitory effect on 

anaerobic digestion (Jackson-Moss et al. ,1989). Low Ca
2+

 

concentrations from 100 to 200 mg/L were reported to be 

beneficial for sludge granulation (Cail and Barford, 1985; 

Mahoney et al., 1987; Yu et al., 2001), whereas its high 

concentrations (greater than 300 mg/L) were reported 

unfavourable for microflora (Hulshoff Pol et al., 1983; 

Thiele et al., 1990; Yu et al., 2001). Its high concentration 

leads to precipitation of calcium carbonate and calcium 

phosphate resulting in scaling of reactors and pipes biomass 

and reduced specific methanogenic activity, loss of buffer 

capacity and other essential nutrients for anaerobic 

degradation (Keenan et al., 1993; El-Mamouni et al., 1995; 

van Langerak et al., 1998). At Ca
2+

 concentrations higher 

than 120 mg/ L, an accumulation of minerals and a decrease 

in water content in the biofilm caused an inhibition of 

cellularmetabolism (Huang and Pinder, 1995).  

 

 Aluminum Ions: 

 

Aluminium inhibition on anaerobic digestionin ot much 

reported in literature. Cabirol et al.,( 2003) reported the 

mechanism of aluminum inhibition. Acetogenic and 

methanogenic microorganisms showed inhibitionon addition 

of Al(OH)3. After exposed to 1000 mg/L Al(OH)3 for 59 

days, the specific activity of methanogenic and acetogenic 

microorganisms decreased by 50% and 72%, respectively 

(Cabirol et al., 2003). Jackson-Moss and Duncan (1991) 

reported that 2,500 mg/L Al
3+

 could be tolerated by 

anaerobes after acclimatization. 

 

Inhibition due to Heavy Metal Ions: 

 

Heavy metals such as chromium, iron, cobalt, copper, zinc, 

cadmium, and nickel present in in municipal sewage and 

sludge are the major cause of toxicity for digester upset (Jin 

et al., 1998; Sterritt and Lester, 1980, Swanwick et al., 

(1969). These metals disrupt of enzymatic function by 

binding of the metals with organic substrate or by replacing 

naturally occurring metals in enzyme prosthetic groups 

(Vallee and Ulner, 1972). Analysis of ten methanogenic 

strains showed that heavy metals like Fe, Zn, Cu, Ni, Co, 

Mo are the paert of essential enzymes that take part in many 

anaerobic reactions (Takashima and Speece, 1989) . It was 

found that acidogens resist more to heavy metal toxicity than 

methanogens (Zayed and Winter, 2000). However, Hickey et 

al. (1989) have speculated that some trophic group(s) or 

organisms within the anaerobic consortia in digesters might 

be more severely inhibited by a pulsed addition of heavy 

metals than the methanogenic populations. Due to the 

complexity of the anaerobic system, heavy metals participate 

in many physico-chemical processes such as (1) 

precipitation as sulfide carbonate and hydroxides (Lawrence 

and McCarty, 1965; Mosey et al., 1971), (2) formation of 

complexes in solution with intermediates and product 

compounds produced during digestion (Hayes and Theis, 

1978; Hickey et al., 1989; Callander and Barford, 1983a,b). 

and (3) sorption to the solid fraction (Shen et al., 1993; Shin 

et al.,1997). Among these metal forms, only metals in 

soluble, free form are toxic to the microorganisms 

(Lawrence and McCarty, 1965; Mosey and Hughes, 1975; 
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Oleszkiewicz and Sharma, 1990, Bhattacharya and 

Safferman, 1989; Bhattacharya et al., 1995a,b).  

 

3. Conclusion 
 

Anaerobic biodigestion is the most efficient effeluent 

treatment method that harnesses natural decomposition to 

lessen waste volume and generate biogas at the same time. It 

has been widely accepted for the reatment of waste from 

many industrial operations. Depending on the production 

unit or the origin, the waste may ontain inhibitory substances 

such as ammonia, sulfide, heavy metals, and othe inorganic 

and organics substances. Presence of these substances at low 

or high concentrations may cause reactor upsetor even cause 

possible reactor failure. Also due to the difference in 

anaerobic microbial species, chemical and physical 

composition of waste, experimental methods and reactor‟s 

physical conditions, physico-chemical parameters, results 

from previous investigations on inhibition of anaerobic 

processes vary substantially. So, it cecomes necessary to 

obtain information on waste components for successful 

functioning of anaerobic digestor. Digestion with other 

waste, adaptation of microorganisms toinhibitors and 

integration of methods to remove the toxicants before 

digestion can significantly improve the waste treatment 

efficiency. However, knowledge of the possible 

contaminants present in the wastewater, their origins, and 

their degree of toxicity is essential to successful anaerobic 

treatment.  

 

4. Abbreviations  
 

1. CSTR- continuously stirred tank reactor  

2. FA- free ammonia  

3. HRT- hydraulic retention time 

4. IC50, IC90, IC100 -the toxicant concentration that 

causes 50%, 90%, and 100% reduction in cumulative 

methane production, respectively, over a fixed period of 

exposure time  

5. LCFA- long chain fatty acids  

6. MPB- methane producing bacteria  

7. SRB- sulfate reducing bacteria 

8. TAN- total ammonia nitrogen  

9. VFA- volatile fatty acids 

10. UASB- upflow anaerobic sludge blanket reactor 
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