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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are “ubiquitous” 
environmental pollutants.[1‑4] These chemical compounds 
include a group of more than 100 different chemical 
compounds.[5] These compounds originate from natural 
and anthropogenic sources[2,6,7] and are formed due to 
incomplete combustion of organic materials (as natural 
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ABSTRACT

Aims: The purpose of this study was to determine the inhibition and anaerobic 
biodegradation of benz[a]anthracene‑7, 12‑dione (BaAQ) via the specific 
methanogenic activity (SMA) test.
Materials and Methods: In this study, 120 mL vials were filled with given 
concentration of BaAQ, anaerobic biomass and substrate. Each batch 
experiment was lasted 13 to 26 days. The inhibition effects of BaAQ with 
concentrations of 0.5, 5, 25, 50, 100, 250 and 500 mg/L on the methanogenic 
process was investigated in the presence of volatile fatty acids including acetic, 
butyric and propionic acids.
Results: In some eatch test, the gas production was stopped after 13 days 
(312 h). Therefore, 312 h was considered as compared base of gas production. 
After this time, methane production cumulative rate was calculated for the each 
SMA. After 13 days (312 h) the lowest and the highest cumulative methane has 
been produced (per mL) at the presence of concentrations of 250 and 0.5 mg/L 
of BaAQ, respectively.
Conclusion: The results of this study showed that the BaAQ with concentration 
of 250 mg/L has more  inhibition  effect on  methane production rather than other 
concentrations (even of 500 mg/L). Therefore, we should not always expect that 
higher concentrations of toxic compounds had more inhibitory effects than low 
concentrations of them.
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and anthropogenic activities) and are abundant in the 
environment.[2,8‑10] Considering their negative resonance 
energy and high‑melting and boiling point, low solubility 
in water, and low vaporization pressure,[11] they are 
thermodynamically stable.[5] These compounds have two or 
more benzene rings[1,2,12‑15] that at least two rings are fused 
with two adjacent carbons in linear, angular, and cluster 
arrangements.[13,15] Based on United States Environmental 
Protection Agency (USEPA), 16 compounds that are shown 
in Figure 1 are selected as priority pollutants due to their high 
carcinogenicity and toxicity.[3,16‑18] These compounds display 
toxicity, mutagenicity, and carcinogenicity properties.[2,12,19,20] 
Based on the reports of National Cancer Institute, benzo[a]
pyrene (pentacyclic) is a carcinogenetic compound for 
humans and is in Group 1 of carcinogeneic compounds and 
benz[a]anthracene (4‑ring) is in Group 2B and is classified 
as a possible human carcinogen.[21] Exposure to these 
compounds may result into various cancers such as kidney, 
bowel, pancreas, and skin.[22,23] The number of rings and 
chemical properties of these compounds have important 
effect on their environmental fate. The persistence of these 
compounds in the environment is higher with the increasing 
their molecular weight.[15,24,25] For example, half‑life of 
tricyclic phenanthrene in soil ranges from 16–126 days and 
half‑life of a pentacyclic compound like benzo[a]pyrene is 
over 4 years.[24,25] Although polycyclic aromatic hydrocarbons 
(PAHs) may undergo adsorption, volatilization, photolysis, and 
chemical degradation,[2,20] microbial degradation is the major 
degradation process.[2,19,20,26,27] The rate of biodegradation 
depends on pH, temperature, oxygen, microbial population, 
degree of acclimation, availability of nutrients, chemical 
structure of the compound, cellular transport properties, 
and chemical partitioning in growth medium.[2] A number 
of bacterial species known to degrade PAHs are isolated from 
contaminated soil or sediments. Pseudomonas aeruginosa, 
Pseudomons fluoresence, Mycobacterium spp., Rhodococcus 
spp., Paenibacillus spp., are some of the commonly studied 
PAH‑degrading bacteria.[2] Also, it was proved that under 
anaerobic digestion, the highest removal was for tricyclic 
aromatic PAHs.[26, 27] In the anaerobic systems, adequately 

maintenance of the methanogenic bacteria population for a 
fixed performance is difficult. Various methanogenic bacteria 
species and their relative population in the reactor biomass, 
moreover the environmental conditions and operations, are 
dependent on the characterization of sewage. Therefore, any 
toxic shock leads in the change of different bacterial species 
and their relative population that as a result of it, the efficiency 
of the reactor is affected. The performance of the reactor is 
determined based on the organic matter removal efficiency, 
the amount of volatile fatty acids, and the amount of produced 
biogas. Here the specific methanogenic activity (SMA) test 
is of great importance. At first, these tests were used mostly 
for inoculated selected sludge but now these tests are used 
for many other purposes including the assessment of sludge 
behavior under the influence of compounds with inhibition 
potential, gaining degradability rate of various compounds, 
estimation of the maximum applicability of loading for a 
definite sludge and assessment of kinetics parameters of 
the Batch system.[28] It is proved that most of the polycyclic 
aromatic compounds display average and strong carcinogen 
metabolites but as most of these metabolites have less 
carcinogenicity compared to their parent compound; they 
are less taken into attention.[29] In the first stage of microbial 
metabolism of benz[a]anthracene, this compound is changed 
into benz[a]anthracene‑7,12‑ dione (BaAQ).[30]

This study aims to determine the inhibition of various 
concentrations of benz[a]anthracene‑7,12‑ dione (BaAQ) 
on anaerobic biomass via the specific methanogenic activity 
test (SMA).

MATERIALS AND METHODS

This study was designed as an experimental–interventional 
test. This study was done by a magnetic stirrer, glass vials, 
and other experiment equipments [Figure 2]. Vials were 120 
mL, of which 90 mL was dedicated to liquid section and 30 
mL of the  head space was  considered for accumulation of 
biogas. Temperature adjustment was done in a heating device 

Figure 1:  16 types of PAHs compounds recommended by USEPA as priority pollutants[16]
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in which vials were inside it. The materials in the vials were 
mixed by magnetic stirrer that was under heating enclosure. 
To pH to pH adjustment and neutralization, specific 
concentration of the required compound was injected. A 
magnet starrier was used to complete mixing of vials content. 
About 45 mL of the washed  sludge were poured into each 
vial and the remain volume of vials was filled with inheritor, 
substrate and nutrient matter to reach 90 mL. Then, the vials 
were  sealed and placed into hot bath.

In this study, BaAQ concentrations of 0.5, 5, 25, 50, 100, 250 
and 500 mg/L were investigated in the presence of volatile 
fatty acids including acetic, butyric and propionic acids. 
The produced methane gas data were registered in each day. 
Performance period of each SMA test took 13 to 26 days. As 
the gas production of some concentrations was stopped after 
13 days (312 h), 13 days was considered as comparison basis 
of gas production.

The SMA test was investigated to determine the inhibition 
amount of the mentioned compound. In this test, the ability 
of anaerobic bacteria was used in production of biogas to 
determine the inhibition amount of the above compound. 
To measure the produced biogas in vials, gas replacement 
with liquid method was used. To do this, biogas outlet pipe 
that was placed above each of the vials was attached to 
KOH dish, with a biogas inlet and outlet of KOH. For each 
produced biogas volume, the same volume of KOH exited and 
accumulated in a measurement cylinder and was registered 
as the volume of produced biogas. Figure 1 displays the 
schematic view of biogas collection system.

RESULTS

As the aim of this study is “determining inhibition and 
anaerobic biodegradation of benz[a] anthracene‑7, 12‑ dione 

(BaAQ) via the specific methanogenic activity test (SMA)” 
determining the inhibition amount of these compounds 
was achieved considering the gas produced of the studied 
concentrations. It can be said that in some concentrations, 
gas production was stopped after 13 days (312 h). 13 days was 
considered as comparison basis of gas production. After the 
elapsed time for each SMA, methane production cumulative 
rate was calculated for each SMA and Figures 3–5 were 
achieved. Methane production cumulative rate (per mL), in 
the presence of seven various concentrations of BaAQ with 
the acetic acid as auxiliary substrate, is shown in Figure 3. 
The lowest and highest amount of the gas after 13 days 
(312 h) was produced in the presence of concentrations of 
250 and 5 mg/L of BaAQ, respectively. Methane production 
cumulative rate (per mL) in the presence of seven various 
concentrations of this compound and butyric acid as the 
auxiliary substrate are shown in Figure 4. The lowest and 
highest amounts of gas after 13 days (312 h) were produced 
in the presence of concentrations of 250 and 0.5 mg/L. 
Methane production cumulative rate, in the presence of 
seven various concentrations of BaAQ and propionic acid as 
the auxiliary substrate, is shown in Figure 5. The lowest and 
highest amount of gas after 13 days (312 h) was produced in 
the presence of concentrations of 250 and 0.5 mg/L. Methane 
production cumulative rate (per mL) in the presence of 
acetic, butyric and propionic acids as the sole carbon source 
are shown in Figures 3–5, respectively.

DISCUSSION

According to Figures 3–5, the amount of produced methane 
in all the studied concentrations of BaAQ is more than 
the concentration of 250 mg/L. Based on these figures, 
even concentration of 500 mg/L produced more gases. 
Thus, 250 mg/L concentration of BaAQ with the lowest 
amount of produced methane was more inhibitor than 
other concentrations of this compound. It can be said that 
the possible inhibitors range and their various effects on 

Figure 2: Schematic view of the pilot for the specific 
methanogenic activity (SMA): 1‑ CO2 scrubber (KOH 

solution), 2‑ Rubber tubing, 3‑ Serum bottle, 4‑ Heater, 5‑ 
Hot bath, 6‑ Displaced liquid

Figure 3: The effect of different concentrations of BaAQ as 
the main substrate on the specific methanogenic activity 
of anaerobic biomass in the presence of acetic acid as aid 

substrate
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microorganisms can turn inhibition to a confusing issue. In 
some cases, inhibitor of an active enzyme affects substrate 
consumption. In these cases, substrate consumption gets 
slow. In other cases, the inhibitor affects on a general 
action of cell‑like respiration and indirect effects such 
as the reduction of biomass concentration can make the 
consumption of a specific substrate slow. Finally, some 
of the reactions are promoted by inhibition, because the 
cell tries to compensate the negative inhibition effect. A 
common type of inhibition for aromatic hydrocarbons and 
chlorinated solutes is self‑inhibition that is called Haldan or 
Andros’s kinetics. In this case, substrate enzyme degradation 
is slowly decreased due to the high concentration of the 
substrate. It is not clear that this self‑inhibition is directly 
conducted because of activities on degradation enzyme 
or indirectly by affecting electron flux or energy after the 
reaction of initial donators.[8] Amin et al. investigated 
the effect of erythromycin on the anaerobic sequencing 
batch reactor (ASBR). After stability of reactor operation 
conditions, they added the low concentration (1 mg/L) 
and high concentration (200 mg/L) of erythromycin to 
the reactor. The results showed that the addition of low 
amount of erythromycin lead in 5% reduction of biogas 
production, but high concentration of erythromycin did not 
have more reduction effect on the biogas production. Thus, 
it seems that the most of microbial populations in ASBR 
are resistant against the antibiotic.[31] Recent study (2008) 
on the biodegradability of oils containing Polychlorinated 
Biphenyls (PCBs) in the transformers of electricity by 
anaerobic method in sequencing batch vials(SMA test) 
showed that PCBs oil in low to average values (0.02 to 0.05 
mL) was degraded by microorganisms and by increasing the 
PCBs oil, the activity of microorganisms is decreased.[32] 
The study conducted by Camprubi et al., showed that some 
of antibiotics such as chloramphenicol, chlortetracycline, 
tylosin, and erythromycin have an inhibition effect in 
the semi‑sequencing Batch tests. Among all mentioned 
antibiotics, chlortetracycline, tylosin, and erythromycin 
did not have any inhibitory effect on the methanogenic 

activity but chloramphenicol had inhibitory effects.[33] 
Generally, it can be concluded that we should not always 
expect that higher concentrations of toxic compounds had 
more inhibitory effects than low concentrations of them. 
Further studies are required to evaluate the remediation of 
toxic compounds and determination of their inhibitory via 
the specific methanogenic activity (SMA) test.

CONCLUSIONS

In this study, the inhibition of various concentrations 
of benz[a]anthracene‑7,12‑ dione (BaAQ) on anaerobic 
biomass via the specific methanogenic activity test (SMA) 
was investigated. The results showed that the effects of 
BaAQ with concentration of 250 mg/L in the presence of 
three volatile fatty acids are more inhibitor than other its 
concentrations (even of 500 mg/L) for methane production. 
Therefore, it should not be expected that the inhibitory 
effects were increased with the increasing toxic compounds. 
The results obtained in the present study suggested that 
SMA test is a feasible method for assessing inhibitory 
concentrations of toxic substances.
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