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Abstract: The paper focuses on the analysis of the C/N rate and heavy metal content in different manure batches 

and their potential influence on the biogas production. The novelty consists of using representative batches 

from animals in the region, namely pure manure originating from pigs, cows, chicken, horses, and ostrich, and 

not mixture with other potential substrates. As a general conclusion, it is shown that both the C/N ratio and 

the content of heavy metals in animal manure can influence biogas production. The gradual development and 

expansion of the agro-zoo technical sector have both generated huge amounts of manure. Considering that the 

improperly managed waste can exert a negative impact on the environment, it is crucial to examine effective 

ways of waste management such as the transformation of waste into biogas through anaerobic digestion, which 

generates a renewable source of energy. Producing and subsequently valorizing biogas is an effective way to 

contribute to the decarbonization of the animal husbandry field, which is actually intended to ensure food for 

the population. The article presents comparative results from 5 categories of animals (4 samples originating 

from pigs, 2 from cows, 1 from chicken, 1 from ostriches, 1 from horses, samples quantified with A, B, C, D, E, 

F, G, H, I). These samples were collected from large, medium and small (family) farms. The results were 

validated by the biogas production generated by the respective samples, using the Automatic Methane 

Potential Test System (AMPTS II) bio-processor. The largest amounts of biogas (2,464.5 Nml, 2,262.0 Nml) were 

recorded for the samples from pig farms (Sample B and Sample D), whereas the lowest values were obtained 

in the case of Sample A (414.1 Nml) and Sample C (558.3 Nml). The heavy metals analyzed in the article are 

Zn, Cu, Fe, Mn, Ca, K, As. The results corroborate that the C/N ratio can also vary to values lower than 20-30, 

without affecting the biogas production process, and the heavy metal content must be known especially for the 

full management of the wastes. All final data presented in the article are based on repeated, triplicate 

experiments, with less as 2% deviation between data. 
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1. Introduction 

Climate change is due to several, such as the intensive use of fossil energy resources in energy 

and transport, and energy waste [1] (p. 66-75). But the large quantities of waste generated by the 

growing population and the mismanagement of waste of various types also have a contribution [2]. 

Animals are known to provide basic protein foods for many people, along with other benefits. The 

increasing quantities of livestock waste, correlated with the increase in population and food needs, 

require proper management [3] (p. 10219). Solutions to reduce greenhouse gas emissions also lie in 

the use of renewable energy sources, such as biogas. As a basic material, biogas can be produced from 

various raw materials, such as animal manure [4] (p. 5239).  

Biogas is considered a feasible solution in the context of the energy crisis [5, 6] (p. 115870, p. 41-

44) and also a solution to reduce the pollution generated by agricultural waste [7] (p. 103577). It is 

worth noting that all agro-zoo-technical waste subjected to the anaerobic digestion process can 

become an important source of nutrients and methane production [8, 9] (p. 101391, p. 161656). 
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Another advantage of using the waste lies in the fact that it is widely distributed and ensures a low 

purchase price [10] (p. 1-10). Following some studies, it was concluded that reactors fueled with pig 

manure can generate up to 6.597.520 MWh/year [11] (p. 4933). 

Biogas is usually obtained through anaerobic digestion (AD), a method that transforms waste 

into bioenergy [12] (p. 126377). Anaerobic digestion is influenced by several factors, including: waste 

quality [13] (p. 012113), temperature, pH, C/N ratio [14] (p. 8721-8726), organic loading rate, and 

hydraulic retention time (HRT) [15] (p. 13). 

Whilst each of the factors listed earlier plays a crucial role in the anaerobic digestion process, the 

most important factors are the C/N ratio and the organic loading rate (OLR). The two factors have 

the ability to indicate the performance of the process and the stability of the digester [16]. As such, it 

is extremely important to understand the properties of the raw material [17]. One can this state that 

each of the listed factors is extremely important, which is why we should not pay too much attention 

to all of them [18] (p. 138976). 

1.1. Factors influencing anaerobic digestion 

1.1.1. Temperature 

Temperature is one of the primary operating parameters [19] (p. 101377), having the ability to 

influence the rate of microbial growth and degradation of organic matter [20] (p. e11174). Low 

temperature reduces the performance of the anaerobic digestion process [21] (p. 135808), whereas 

variable temperature can affect the metabolic activity of methanogens, affecting methane production 

[22] (p. 128054). For example, the C/N ratio must be higher in the case of a higher temperature in 

order to minimize the chances of ammonia inhibition [23]. On the other hand, a high temperature 

ensures a lower viscosity and an in-situ sanitation, also contributing to the reduction of pathogens 

[24]. Any change in temperature greater than 1°C/day can lead to the failure of the process. Therefore, 

to avoid such situations, it is recommended that temperature changes be kept lower than 0.6°C/day 

[25]. 

1.1.2. pH value 

The pH indicates the concentration of hydrogen ions present in any solution [26] (p. 2819-2837). 

It can contribute to the activity of microorganisms by influencing the chemical balance of NH3 and 

H2S [27] (p. 88-95).The optimal range in which they can develop is between 5.5 and 8.5 (almost a 

neutral pH). This range ensures the optimal functioning of methanogenic bacteria [28] (p. 44-49). For 

a better functioning of the anaerobic digestion process, it is recommended to adopt a higher pH in 

the second stage than in the first [29] (p. 1253-1271). Maintaining the pH at a certain level can be 

achieved by adding an alkaline substance (KOH) or by controlling the OLR [30] (p. 102704). 

Considering that the volume of biogas generated is influenced by the health of micro-organisms, 

it is recommended to measure the pH on a regular basis [31] (p. 8750221). 

1.1.3. C/N ratio 

The C/N ratio contributes to the efficiency of anaerobic digestion [32] by regulating microbial 

growth, by improving buffer capacity, and by providing process stability [33] (p. 1-66). The C/N ratio 

represents a very important factor in the production of a high level of biomethane, as this ratio 

indicates the degradation of organic matter by bacteria [34] (p. 135867), [35] (p. 621126). Pursuant to 

the existent literature, it is known that the C/N ratio can influence biogas production [36]. 

While a high C/N ratio indicates low nitrogen content, a low C/N ratio leads to the accumulation 

of ammonia (produces higher alkalinity in the digester) which can lead to inhibition of the process 

[23, 37, and 26]. Likewise, the quality of the compost is influenced by the C/N ratio [38] (p. 37). The 

recommended C/N ratio for anaerobic degradation is considered 20-30 [27, 29], but some researchers 

think that lower C/N ratios (10-20) can produce good results [39] (p. 121-181). Since a ratio lower than 

20 can inhibit the process, and a ratio greater than 30 leads to a decrease in the amount of biogas [3, 

40]. Others confirm that good results can be obtained even below the value of 20, meaning significant 
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amounts of methane [39] (p. 121-181). The achievement of an optimal ratio is influenced by the 

chemical composition and biodegradability of the substrate [41]. Some studies indicate that large 

amounts of biogas have been obtained in the range 15.5/1 to 19/1 and that the 16/1 ratio provides 

process stability but small biogas losses [42]. In contrast, other research shows that a C/N ratio of 12.7 

resulted in the highest amount of volatile organic compounds (VFAs) [43]. 

1.1.4. Organic loading rate (ORL) 

The organic loading rate indicates the amount of organic matter that must be introduced daily 

into the digester [44] (p. 18374). A high loading rate of the digester with organic material can lead to 

the accumulation of volatile fatty acids (VFA) and a low pH. Conversely, a low loading rate affects 

microorganisms through the lack of necessary nutrients and contributes to the production of 

inhibitors, such as ammonia [45] (p. 1105-1111). 

In the organic material there are volatile solids (these can be digested) and fixed solids [46]. 

Volatile solids are a substance than can transform from its solid phase to its vapor phase. The fixed 

solids and a portion of the volatile solids are non-biodegradable [46]. Knowing the loading rate (OLR) 

raises the possibility to monitor the stability of the process, the methane yield, and the structure of 

the microbial community [47] (p. 103099). That is why it is important to know that OLR can positively 

or negatively influence the process of anaerobic digestion [48]. 

1.1.5. Hydraulic retention time (HRT) 

The hydraulic retention time (HRT) is the average time that the soluble compound remains 

inside the digester [49](p. 161-180). It is an important factor that can be used to evaluate both technical 

viability and economic viability [50]. 

The recommended retention time is heavily reliant on the physical and chemical characteristics 

of the raw material. For example, animal manure has a longer retention time (20-30 days) due to the 

low rate of biodegradation. The same cannot be said about food waste, which has a lower retention 

time (less than 15 days), due to the high level of biodegradation [51]. 

1.2. Identifiing the heavy metal incidence in animal manure 

The detection of the presence of heavy metals in the environment recently became a topical issue. 

This is due to their high bioaccumulation capacity, toxicity [52] (p. 128341), their presence in the entire 

food chain, and their non-biodegradable nature [53] (p. e0235508). 

Heavy metals are part of a class of compounds that have an inhibitory effect on methanogens 

[54](p. 1880-1897).Heavy metals (Cu, Zn, Mg, Cd, Fe) end up in animal manure by adding growth-

stimulating substances to animal feed [55] (p. 2658-2668), but also in the form of contaminants. Unlike 

water, they have a higher density and can cause toxicity at low levels of exposure [56] (p. 2239). 

Scattered on the ground in large quantities, animal manure with a high content of heavy metals 

can affect the soil, water and plants [57] (p. 4488-4498). At the same time, incompletely decomposed 

animal manure can burn plant roots and cause greenhouse gases [58] (p. 75-89). 

It is to be noted that the amount and number of heavy metals found in organic matter should 

not be ignored during the anaerobic digestion process either. The uncontrolled use of animal manure 

with a high content of heavy metals as raw material in the production of biogas can lead to the 

inhibition of the anaerobic digestion process [59] (p. 1-14), affecting the production of biogas and 

methane [60] (p. 266-272). While a high concentration of heavy metals inhibits the process of 

anaerobic digestion, a lower concentration can generate the growth of microorganisms [61] (p. 

100099). 

Heavy metals can be toxic [62] (p.1383-1398), stimulating or inhibiting microorganisms 

depending on their total concentration in the substrates or their chemical forms [54].Unfortunately, 

heavy metals cannot to be destroyed upon anaerobic digestion, so they end up in the soil and plants 

[63](p. 110938). 

2. Materials and Methods 
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For this study, a wide range of animal manure from several farms was used. 

Samples were collected from various-sized private farms in Romania, including large, medium, 

and small ones. Small farms exhibit traditional care practices, particularly in feed supplementation 

with biodegradable waste. Conversely, large farms utilize automated processes with specific recipes 

for liquid feed production, closely monitored by specialists. 

The size of the farm depends on the total number of animals raised for slaughter and/or 

breeding, i.e. milk and eggs. Thus, Sample A comes from a medium-sized farm consisting of about 

700 pigs, Sample B was taken from a small farm with about 20 pigs, Sample C comes from a large 

farm with about 15,000 pigs, Sample D comes from a small pig farm with about 100 heads. Samples 

E and F come from cow farms. Sample E was taken from a small cow farm with about 30 head, while 

Sample F came from a large farm with 490 head. In the case of Sample G, the farm is of medium size, 

having over 6,000 chicken heads. The H Sample was taken from an ostrich farm (small size) with 100 

heads. Sample I was taken from a small farm (only 10 horses). 

To begin with, we have determined the C/N ratio for the following categories of animal manure: 

pig (Sample A), pig (Sample B), pig (Sample C), pig (Sample D), cattle (Sample E), cattle (Sample F), 

chicken (Sample G), ostrich (Sample H), and horse (Sample I). It is important to know the C/N ratio, 

since it helps us to know the speed of decomposition of organic matter that takes place in the 

anaerobic digestion process. Then with the help of the Niton XL3t portable analyzer we identified the 

heavy metals present in the organic matter for the 9 samples. To find out the amount of biogas 

generated by each sample, we have used a laboratory biogas production facility. 

The reports C/N, as well as the rest of the experiments, were performed approximately 3 times 

on each sample, until results with a representative average value were obtained. In order to obtain 

such results, as conclusive and correct as possible, for each of the 9 characteristic samples for the 5 

categories of animals, the following steps were followed: 

a. At large farms, the samples were taken from the most populated pig shed; 

b. The mixture with the samples thus taken, specific to the farms, was performed mechanically; 

c. At the end, the quantity corresponding to the purpose of the analysis was retained, the 

quantity being subsequently subjected to various analyses (drying at 105°C, calcinations at 

550°C, etc.).  

Predictably, all the witness samples were kept in the freezer -1/-2 °C in labeled plastic containers, 

which would allow the analysis to be repeated at a later date. The purpose of preservation is to be 

able to repeat the experiments. Generally speaking, three determinations of the same kind were 

performed on the same sample (batch). For the current study, the results were averaged. For 

differences greater than +/-2% between the experimental results, the analysis was repeated. 

Strict bio-security measures were followed during the sampling process to prevent the 

transmission of diseases, including African swine fever. A designated changing room-filter system 

was used before entering animal sheds. The first compartment stored street clothes, the second 

contained shower cabins, and the last was for changing sterile work equipment. Disinfection trays 

for shoes were used at both the entrance and exit of the changing room-filter. 

2.1. Laboratory equipment 

The C/N ratio was determined using the LecoCHN 828 laboratory equipment. With the help of 

the equipment, carbon, hydrogen, nitrogen, and proteins can be determined from organic matter [64]. 

The equipment has an ergonomic design and offers the possibility to insert 30 samples, potentially 

expanding the capacity up to 120 samples. The duration of the experiment is relatively short, 2.8 

minutes, which boosts productivity [65]. Work was carried out applying standards, so the procedures 

used are actually those described by the standards. Drying the samples, further ongoing calcination 

in crucibles and weighing are effectively standard processes. The analyses were conducted three 

times to calculate the arithmetic mean. The afore mentioned time of 2.8 minutes represents the 

duration of a rapid analysis cycle for the model (FP/CN) used to increase productivity, according to 

the indications and instructions provided by the device manufacturer. 
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In order to boost productivity on FP/CN models, the fast cycle time is 2.8 minutes. Practically, 

2.8 minutes represents an indication related to the operation of the device. 

At the beginning of the experiment, the sample is weighed in a tin capsule and inserted into the 

loader. Then the sample is transported to a sealed purge chamber. This chamber is designed to 

remove the environment/atmospheric air. 

From this chamber the purged sample is automatically transferred into a reticulated ceramic 

crucible from the furnace. For efficient combustion of the sample, the furnace environment consists 

of pure oxygen. The released carbon and hydrogen gases are measured with infrared detectors. The 

gas sample is passed through hot copper, which helps to remove oxygen and transform nitrogen 

oxides (NOx) into N2 [66]. 

Two standards were used to determine the C/N ratio: DIN CEN/TS 15414-1: Solid recovered 

fuels- Determination of moisture content using the oven dry method- Part 1: Determination of total 

moisture by a reference method, and DIN EN 15407 Solid recovered fuels - Methods for the 

determination of carbon (C), hydrogen (H) and nitrogen (N) content. The indicated standards have 

certainly been used by other researchers, given that they are European standards and the validation 

of the results requires working according to standardized procedures, so that they can be validated 

and compared with other results. The DIN CEN/TS 15414-1:2010 standard deals with “Solid 

recovered fuels. Determination of moisture content using the oven dry method, Determination of 

total moisture by a reference method”. It is valid for solid fuels and for biofuels. It can be purchased 

or consulted from the standard provider, i.e. ISO- International Organization for Standardization 

[67], or from [68]. 

The other standard, DIN EN 15407, addresses Solid recovered fuels- Methods for the 

determination of carbon (C), hydrogen (H) and nitrogen (N) content. Generally speaking, by using 

standards, one increase productivity and quality, while minimizing errors and waste [69]. The results 

are indicated by Table 1. 

Considering that heavy metals can inhibit the anaerobic digestion process, the concentration of 

heavy metals was determined for all the 9 samples. To detect heavy metals, each sample was heated 

to 550°C. The identification of heavy metals in the nine samples was carried out using the Niton XL3t 

portable analyzer with X-ray fluorescence (XRF) [70]. This instrument assures a rapid and 

simultaneous identification of several different elements [71] (p. 3892). It has a high sensitivity and 

high measuring power. Moreover, the analyzer has a hot surface adapter, which allows testing in 

petrochemical refineries at temperatures up to 450°C. 

The analyzer can detect up to 30 elements starting from Mg to U [72]. It is suitable for analyzing 

batches having a temperature in-between - 20 up to ~50°C, as it has a rechargeable battery that assures 

an independence of several hours (up to 8 hours) [73] (p. 514). Such equipment is to be used also for 

other diverse applications: fertilizers, feed, waste, coal [64]. The results for all animal manure 

analyzed are comprised in Table 3. 

3. Discussion of findings 

Table 1 shows the content of carbon (C) and nitrogen (N), as well as the C/N ratio for each of the 

nine analyzed samples. 

Table 1. Carbon (C) content, nitrogen (N) content, and the C/N ratio. 

Sample designation Total carbon (% by mass) Total nitrogen (% by mass) C/N 

Sample A 23.4 3.4 6.8 

Sample B 47.1 3.4 13.8 

Sample C 40.1 2.4 16.7 

Sample D 45 4 11.2 

Sample E 39.6 2.4 16.5 

Sample F 45.3 1.5 30.2 
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Sample G 33 4.9 6.7 

Sample H 27.6 1.8 15.3 

      Sample I 44 2 22 

Although the vast majority of researchers concludes that the optimal C/N ratio must be between 

20 and 30, there are researchers who demonstrated that good results can be obtained with a lower 

C/N ratio (10-20) [27, 29, and 39]. Following a sequence of 3 repeated analyses on the same species 

(for which the arithmetic mean is representative), one found; the C/N ratio for pig manure ranges 

between 6.8 and 16.7, for cow manure between 16.5 and 30.2, for chicken manure it is 6.7, for ostrich 

manure 15.3, and for horse manure 22. Similar results are also presented in the existent literature: the 

ratio found is 13 for pig manure, 25 for cow manure [74], 3-10 for chicken manure, and 20-50 for horse 

manure [75]. In the case of ostriches, the ratio is 8.09 [76]. 

Analyzing the results obtained in this study, as well as in the other studies, one can say that the 

C/N ratio is important for the biogas production, but not decisive in the process. 

Table 2. The content of carbon, nitrogen and hydrogen related to the original substance. 

Sample 
Total 

carbon 

Total        

hydrogen 

Organic  

hydrogen 
Total     nitrogen Unit 

Sample A 0.8 11 0.1 0.1 % by mass 

Sample B 15.1 9.6 2 1.1 % by mass 

Sample C 11.3 9.6 1.6 0.7 % by mass 

Sample D 23 8.7 3.2 2 % by mass 

Sample E 5.4 10.4 0.7 0.3 % by mass 

Sample F 6.0 10.4 0.9 0.2 % by mass 

Sample G 22.6 6.6 3.1 3.4 % by mass 

Sample H 9.3 8.6 1.2 0.6 % by mass 

Sample I 9.6 10 1.2 0.4 % by mass 

Table 2 indicates high values in the case of sample D. For example, the total C concentration for 

this sample was 23 (% by mass) compared to the original substance. A relatively close value was also 

recorded in the case of sample G, where the concentration of total C is 22.6 (% by mass). Regarding 

total hydrogen, sample A recorded the highest value (11% by mass). Identical values have been 

determined for samples E and F (10.4% by mass). Close to samples E and F is sample I (10% by 

mass).Table 3. The heavy metal concentration detected in the nine samples. 

Sample 
Zinc   

(Zn) 

Coper      

(Cu) 

Iron    

(Fe) 

Manganese 

(Mn) 

Calcium   

(Ca) 

Potassium 

(K) 
 

Arsenic 

(As) 
   

Sample 

A 

376±24 

ppm 
88±11 ppm 

767±39 

ppm 
227±36 ppm 0.92±37 % 

7.51±1.01 

% 
 <2    

Sample 

B 

363±12 

ppm 
39±7 ppm 

0.27±0.01 

% 
- 1.12±0.37 % 

4.81±0.59 

% 
 <1    

Sample 

C 

0.79±0.01 

% 

581±20 

ppm 

0.62±0.01 

% 
0.12±0.01 % 

10.66±0.28 

% 

3.80±0.24 

% 
 <2    

Sample 

D 

0.17±0.01 

% 

237±12 

ppm 

0.19±0.01 

% 
517±37 ppm 3.64±1.08 % 

3.54±1.19 

% 
 <1    

Sample 

E 
85±6 ppm 16±7 ppm 

0.79±0.01 

% 
220±30 ppm 4.05±0.07 % 

1.64±0.06 

% 
 <2    

Sample 

F 

106±6 

ppm 
- 

0.32±0.01 

% 
186±26 ppm - -  <1    

Sample 

G 

878±21 

ppm 

233±15 

ppm 

0.17±0.01 

% 
0.12±0.01 %  

14.47±0.36 

% 

8.96±0.36 

% 
 <2    

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 February 2024                   doi:10.20944/preprints202402.0949.v1



 7 

 

Sample 

H 

633±17 

ppm 
82±11 ppm 

1.03±0.01 

% 
522±46 ppm 8.94±0.80 % 

2.48±0.64 

% 
 <4    

Sample  

I 

249±10 

ppm 
50±8 ppm 

2.22±0.01 

% 
- 7.67±0.10 % 

6.79±0.11 

% 
 <2    

Animal manure is often used as organic fertilizers (amendments) to improve soil quality [77]. 

The quality of manure depends on several factors such as the type of animal, age of animal, and feed 

administered [78]. Unfortunately, however, they often contain components that affect plants, animals 

and human health [79] (p. 850). 

Table 3 indicates the heavy metal concentration detected in the 9 analyzed samples. The table 

shows that Sample A (pig manure), Sample G (chicken manure) and Sample H (ostrich manure) 

contain the highest accumulation of heavy metals. Pig manure (Sample A) contains significant 

amounts of Fe (767±39 ppm), Zn (376±14 ppm), Mn (227±36 ppm). In smaller quantities we find metals 

such as Cu and Ca. In the case of Sample G (chicken manure), the Zn concentration prevails (878±21 

ppm), followed by Cu (233±15 ppm). Fe, Ca and Mn can be found in lower concentrations. Large 

amounts of Zn are also found in Sample H (ostrich manure). The concentration of Zn in the ostrich 

sample is 633±17 ppm, followed by Mn (522±46 ppm). Metals such as Fe, Cu and Ca are found in 

lower concentrations. The other analyzed samples also contain amounts of metals, but their 

concentration is lower compared to the previously presented samples. 

The results of the research indicate that the highest amount of Fe 16,363.3 (mg∙kg-1) was found 

in pig manure, whilst the lowest in chicken manure 852.3 (mg∙kg-1). In addition to Fe, concentrations 

of Mn have also been detected, e. g. 370.0 (mg∙kg-1) in cattle, and Zn 94.3 (mg∙kg-1) in horse manure 

[15]. In another study, amounts of Cu (642.1 mg Cu/kg dm) and As (8.6 mg As/kg dm) were identified 

in animal Researches such as (M. Vukobratovic et al.) and (F. Zhang et al.) have shown in their studies 

that heavy metals such as iron (Fe), zinc (Zn), copper (Cu), arsenic (As), manganese (Mn) [55, 80] are 

found in different concentrations in animal manure. Thus, in his study M. Vukobratovic et al. [80] 

determined the concentration of heavy metals in compost obtained from several types of manure. Cu 

(65.6 mg Cu/kg dm and 31.1 mg Cu/kg dm) was detected in chicken and cow manure, respectively 

[55]. These results are also confirmed in this study. Furthermore, the information detailed on in the 

article "Composting Manure" is corroborates this study and in those previously presented. In this 

article it is stated that the manure quality is influenced by several factors including the type of animal, 

the age of the animal, and the feed administered [78]. For example, the presence of Cd (Cadmium) in 

the soil can affect soil microbes and their activity, such as mineralization, which then changes the 

ecological balance [81] (p.1008). 

Regarding biogas production, the experiment was conducted using the Automatic Methane 

Potential Test System (AMPTS II) bioprocess. It consists of several digesters allowing samples to be 

carried out in parallel. To maintain a constant temperature (37°C), digesters are kept in an 18-liter 

thermostatic water bath. The equipment is also equipped with a device for measuring the volume of 

gases (in this case CH3). The data ensued automatically, being processed by the sensors and the 

program serving the bio-processor used in the experiment [82].   

The experiment ran over 30 days, but starting from day 21 onward, no changes in measured 

values (specifically, the amount of methane produced) were observed. Consequently, only significant 

results were retained in the graphs. 

Figure 1 shows the volume of methane accumulated by each of the 9 analyzed substrates. 

Among all analyzed substrates, Samples B (2464.5 Nml), D (2262 Nml) and G (1911.8 Nml) recorded 

the highest values. At the opposite pole are Sample A (414.1 Nml) and Sample C (558.3 Nml). 
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Figure 1. Accumulated methane volume [Nml] for the several samples analyzed. 

 

Figure 2. Methane production [Nml/gDSo] for the several samples analyzed. 

The curves shown in Figure 2 indicate that Sample B recorded the highest biogas production. 

The value achieved by this substrate is 328.8 Nml/g DSo (DSo- dry matter basis). Among all the 

substrates analyzed, the lowest methane production was recorded in Sample C during the sixth day 

(1.7 Nml/gDSo). Although the values of this sample (Sample C) recorded daily increments, the 

recorded values were still small compared to the other substrates. 
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Figure 3. Daily methane production rate [Nml/days] for the analyzed samples   a. 

As shown in Figure 3, the daily rate of methane production varied from one day to another. The 

highest values were recorded in the first 8 days of the experiment, followed by several days in which 

biogas production was relatively constant. Towards the end of the experiment, the daily rate of 

methane production began to decrease. As in the case of the 2 graphs presented previously (Figure 1 

and Figure 2), Samples B, D and G generated the highest amount of methane/day. Samples A and C 

generated small amounts of biogas during the entire experiment. 

To obtain the quantities of biogas shown in Figures 1, 2 and 3, the experimental input data, 

presented in the table number 4, were used. 

Table 4. Biogas experiment input boards. 

Sample Input material [g] Inoculum [ml] 

Sample A 190 210 

Sample B 24 376 

Sample C 35 365 

Sample D 13 387 

Sample E 39 361 

Sample F 42 358 

Sample G 12 388 

Sample H 49 351 

Sample I 30 370 

According to the instructions for use of the bio-digester, all experiments were conducted at a 

temperature of 37°C. The operating time the agitator was set to 300 seconds, while the rest time of 

the agitator was set to 3,600 seconds [82]. 

5. Conclusions 

This study investigated how C/N ratio and heavy metal concentrations in animal manure are 

impacting the biogas production process of these raw materials. The main results indicate the 

following: 

1. Related to the analyzed lots, the C/N ratio records values ranging from 6.7 (Sample G, medium-

sized chicken farm) and 6.8 (Sample A, medium-sized pig farm), up to 30.2 (Sample F, medium-

sized cow farm).The greatest methane production is the one achieved by Sample B (small family 
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pig farm), despite the C/N ratio equaling 13.8. The high production of methane in the case of this 

sample can also derive from animal feeding, which, in Romania, consists not only of specific 

feed, but also of biodegradable food residues from the household. Another category of manure 

standing out as beneficial to biogas production is pig manure coming from a small farm (Sample 

D), in which case the average ratio determined is 11.2. As a matter of fact, these conclusions 

reflect the importance of the C/N ratio for biogas production, with the range in which it varies 

potentially being extended to even below 20. This conclusion is also    highlighted by other 

authors. According to the obtained results, it is concluded that even for values up to 10 for the 

C/N ratio, the biogas production is possible. It can thus be stated that detecting the C/N ratio is 

important, but not necessarily decisive in the amount of biogas generated. An explanation can 

be related to the feed recipes, stating that in the case of Sample B (small pig farm) the feed is also 

administered based on biodegradable household waste.  

2. Related to the content of heavy metals in the manure batches, there is a dispersion of the 

determined values, yet the values are still grouped as an order of magnitude, comparable to 

other bibliographic sources. In the case of Potassium (K), the range covered by the determined 

values is narrower, varying, according to Table 3, between 1.64 (Sample E) and 8.96 (Sample G). 

For Sample D, it is found that the values of heavy metals are included in the variation range 

recorded for the other samples, without approaching the extreme values recorded. An 

explanation is related to the feed recipes as well. It turns out that the presence of heavy metals 

is important to know. The results have been compared with similar ones from other groups of 

authors. 
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