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Abstract  

Nitrous oxide (N₂O) emissions from agriculture and livestock significantly contribute to climate change. 

Consequently, reducing emissions from livestock waste is crucial. This study aimed to assess the removal 

of N₂O emitted from cattle manure using various adsorbent materials. Nine adsorbents—bentonite, 

vermiculite, zeolite, pumice, perlite, colemanite, activated carbon, graphite, and boron nitride—were 

evaluated over 24 days in a total of 10 laboratory-scale reactors, including a control reactor. Each 

reactor was loaded with 1,000 g of cattle manure; gas samples were measured daily, and the data were 

analyzed using the Shapiro-Wilk, Levene, Kruskal-Wallis, discriminant analysis, time-series clustering, 

and random forest methods. The Kruskal-Wallis test indicated no significant difference between the 

reactors and the control (p=0.416). Time-series clustering identified temporal differences only for 

pumice and graphite. The random forest analysis predicted a decreasing trend for activated carbon and 

increasing trends for pumice and perlite. The findings suggest that, over a 24-day monitoring period, the 

adsorbent types did not exhibit a statistically significant advantage in N₂O removal, highlighting the 

need for longer-term and multiparameter monitoring. 
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1. Introduction 

It is predicted that in the near term, every region in the world will face a further increase in hazards 

caused by climate change following global warming, which will increase many risks to ecosystems and 

people (IPCC, 2023). Climate change is extremely affected by human activities and the atmospheric 

emissions triggered by these activities (Boggiaa et al., 2019).  
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Agriculture, forestry, and other land use (AFOLU) are estimated to have contributed 22% of total 

greenhouse gas emissions between 2010 and 2019. Emissions of agricultural methane (CH4) and nitrous 

oxide (N2O) are estimated at 4.2 GtCO2-eq yr-1 and 1.8 GtCO2-eq yr-1, respectively. Nitrous oxide 

accounts for 69% of the total net anthropogenic emissions from AFOLU. 

Today, agricultural practices are based on intensive livestock production in closed facilities and the 

application of stored waste to land as organic fertilizer (Broucek, 2017). The main source of (N2O) is 

agricultural soil management and waste management from livestock farming. Also, inorganic nitrogen 

fertilizers cause increased emissions of N2O (Zhong et al., 2022). Livestock, which meets the increasing 

food demand, contributes to global warming by significant amounts of N2O (Schils et al., 2013). N₂O 

emissions from agriculture mainly caused by storage of urine and dung on pasture and rangelands and 

manure application (Van der Weerden et al., 2021).  

CH4 and N2O are produced as a result of the anaerobic digestion of organic matter in the rumen of 

ruminant animals. Moreover, N2O is formed by the nitrification and denitrification of organic substance 

in manure stored under aerobic and anaerobic conditions (Broucek, 2018). Nitrification is a essential 

prerequisite for the formation of N2O emissions in fertilizer stores where ammonia nitrogen oxidizes to 

nitrate and nitrogen in aerobic condition. Unlike, denitrification occurs under anaerobic conditions and 

nitrites and nitrates are turn into N2O and dinitrogen (N2). The amount of N2O emission depends on 

carbon and nitrogen constituent, the system type and continuance of manure management (Jose et al., 

2016).  

N2O is the most contributor gas to greenhouse effect after CO2 and CH4 (Utami et al., 2012). It is 

extremely stable, and its residence time in the atmosphere is 100-150 years (Utami et al., 2012). On a 

100-year time scale, the global warming potential of N2O is approximately 300 times higher than CO2 

(Fukumoto et al., 2006). Due to its long lifetime in the atmosphere, causes global warming by absorbing 

infrared radiation (Schils et al., 2013; Skiba & Rees, 2014) and contribute to the depletion of stratospheric 

ozon layer by acting similarly to chlorofluorocarbons (CFCs) (Ballesteros-Plata et al., 2022). Interest in 

N2O sources has stirred up in recent years as it became clear that it has a significant impact on the earth 

(He et al., 2001). Although N2O is a natural trace gas in the earth's atmosphere (Schils et al., 2013), since 

1750 its increase has been 23% in 2019 and its concentration reached 332 ppb (IPCC, 2023).  

The IPCC (2023) report states that some non-CO2 emissions from agriculture, such as CH4 and N2O, 

cannot be completely eliminated using current and projected technical measures. However, it is crucial 

importance to reduce N2O emissions from livestock manure using an effective and low-cost method 

(IPCC, 2023). An alternative mitigation method of N2O is the adsorption of these gases on to porous 

materials with small pores and narrow pore size distribution. Such porous materials act as a molecular 

sieve through solid-gas interaction during adsorption process. It has been demonstrated that economically 

accessible porous materials are effective and easy to use in gas adsorption (Ballesteros-Plata et al., 2022). 

The use of filters through mechanical ventilation will be an economical method of mitigation of N2O 

emission from livestock facilities and manure storage units. 



www.scholink.org/ojs/index.php/rhs                   Research in Health Science                        Vol. 11, No. 3, 2026 

126 
Published by SCHOLINK INC. 

Most of the studies in the literature have focused on capturing of CO2 and precursor greenhouse gas 

(GHG) emissions via adsorption. Even though there are several studies used raw and modified clay, 

activated carbon, natural and modified zeolite alternative adsorbent on volatile organic compounds 

(VOCs) adsorption (Su-Jin et al., 2008; Jarraya et al., 2010; Manjare & Ghoshal 2006; Valdés et al., 2020). 

However, considering the harmful effects of N2O, adsorption studies of N2O on different filter media 

have been almost scarcely reported. Cornelissen et al. (2013) has shown that on C-based sorbents have 

stronger N2O sorption than inorganic sorbents and metal oxides and also activated carbon have slightly 

strong sorption than biochar. Hernández Huesca et al. (2016) was studied adsorption kinetic of pure N2O 

adsorbent on different zeolite type, mordenite, clinoptilolite at from 0C to 100C temperature. It was 

determined that the adsorption capacity zeolite greeter than clinoptilolite at 20C. However, Clinoptilolite 

adsorption capacity reached the highest level with the increasing temperature (100 C). Kloutse et al. 

(2020) was investigated N2O, CO2, CH4 and N2 single-component and quaternary mixture adsorption on 

Copper (II) Benzene-1, 3, 5- tricarboxylate Cu3(BTC)2, CuBTC. Single component adsorption decreased 

in the order N2O, CO2, CH4 and N2. In the mixed adsorbed phase, the results shown that the adsorption 

amount of each component in the equimolar quaternary mixture is much lower than the single component 

(Kloutse et al., 2020). In another study, the adsorption of N2O and CO2 on silica gel was investigated and 

compared with activated carbon. It was determined that adsorption mechanisms of N2O and CO2 on silica 

gel differented from activated carbon. Moreover, macropore diffusion contributed to the adsorption rate 

and provided a decrease in particle size by using silica gel (Park et al., 2020). The study for N2O 

adsorption with modified graphene oxide (GO) surface (Mg-, Cu-, and Ag-) revealed that Cu-GO can 

used as strong adsorbent (Liu et al., 2019). studied three different commercial activated carbons at 

different temperatures to model adsorption-based processes for condensing tail-gas streams containing 

diluted N2O or for recovering high concentration N2O in exhausts from chemical plants by Peng et al. 

(2009). 

While numerous studies have investigated the monitoring and treatment of N2O across various 

environmental contexts, research specifically addressing the treatment of N2O emissions from animal 

waste using biofilters remains scarce. Table 1 presents a summary of the limited research available in 

this area. 

Utilizing the VOSviewer software tool, a bibliometric network has been established for keywords 

associated with the removal of N2O using biofilters (Fig.1). As of December 2025, the Web of Science 

(WOS) database contains 109 publications, while the Scopus database includes 396 publications. The 

primary keywords identified in the bibliometric network are ‘N2O’, ‘gas’, ‘livestock’, ‘biofilter’, and 

‘removal’. In the WOS graph, the red clusters emphasize the mechanisms of N2O emission formation, 

concentrating on nitrification/denitrification and experimental N2O processes. Conversely, the green 

clusters in the Scopus graph pertain to biofilters, N₂O, and removal. However, due to their low frequency, 

specific biofilter types do not appear in the main clusters. The green clusters predominantly illustrate 

more effective clusters concerning the effects of biofilter N₂O removal. 
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Table 1. Literature Review on the Removal of N2Os from Livestock Using Adsorbent Materials 

Source Biofilter 
Time 

(days) 

Emission Flux 
References 

Control Group Biofiltre Group 

Pig manure Bentonite 43 365.72 mg/kg 258.12 mg/kg Wu et al. 2023 

Compost Pumice 81 0.3 g/m3.day 0.2 g/m3.day Tung et al. 2021 

Pig manure 
Wood chips 

Compost 
120 550 ppb/day 686 ppb/day Janni et al. 2014 

Poultry litter 

manure* 

Bentonite 

Biocar 

Compost 

300 0.84 kg 

9.74 kg 

7.48 kg 

15.65 kg 

Westermann et al. 

2021 

Cattle manure* 
Grass-

Clover 
77 0.78 kg 1.20 kg Meng et al. 2023 

Cattle manure Various 24 2559 ppb 1956-2593 ppb This study 

*: Units are per hectare 

 

 

Figure 1. Analysis and Visualization of Keyword Networks Related to N2O, Gas, Livestock, 

Biofilter, and Removal, Utilizing Data from Web of Science (WOS) and Scopus 

 

In this study, it is investigated that N2O gas emission from cattle manure is caught on a filter media which 

perform as a molecular sieve. The objective of the present study is to compare the gas concentrations 

obtained from the upper surface of packed columns created with different filter materials (bentonite, 

vermiculite, zeolite, pumice, perlite, colemanite, activated carbon, powder carbon, and Boron Nitride).  
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2. Materials and Methods 

2.1 Experimental Setup Preparation and Sampling 

The present study was conducted utilizing laboratory-scale reactors constructed from polypropylene PP8 

plastic material. These reactor cabinets are uniform in size and possess a trapezoidal cross-section, with 

a volume of 1.45 m³. Cattle manure, sourced from the cattle farm facility at the Faculty of Agricultural, 

Ondokuz Mayis University, Samsun, Turkey, was sorted prior to the addition of approximately 1 kg to 

each reactor. The gas generated within the reactors was expelled through a 2.0 cm diameter aperture 

located at the top of the reactor, and measurements were conducted via this opening. The reactors were 

continuously supplied with air using a pump with a flow rate of 72 L/hour. The experimental procedure 

spanned 24 days, with daily measurements being recorded. Each reactor received an addition of 1000 

grams of cattle manure, resulting in a manure height of 80 cm. Initial temperature measurements were 

conducted within the reactors, revealing an average initial temperature of 20.82 °C across the 10 reactors. 

2.2 Properties of Porous Materials 

The adsorbent materials were procured from various commercial suppliers. Table 2 presents the general 

characteristics of these adsorbent materials. 

 

Table 2. Measured and Typical Values of Biofilters Used in Experiments 

Properties Bentonite Vermiculite Zeolite Pumice Perlite Colemanite 
Activated 

Carbon 
Graphite 

Boron 

Nitride 

SiO2  

(%) 
61.0 41.3 71.0 73.4 72.9 30.5 - - 0.1 

Limit Oxygen 

Index 

LOI 

6.0 5.0 6.9 3.7 1.0 2-4 - - 1.0 

Surface Area  

(m2/g) 
30-70 5-15 30-50 1-5 1-3 <1 800-1200 5-20 10-40 

Pore Volume  

(cm3/g) 
0.05-0.15 0.1-0.2 

0.15-

0.25 
 2 10-16 < 0.05 0.6-0.9  0  0 

Bulk Density  

(g/cm3) 
0.85-1.10 0.08-0.16 0.7-0.9 2.3-2.5 1.0-1.2 2.4-2.45 0.25-0.4 0.2-0.4 0.3-0.6 

Cation 

Exchange 

Capacity  

(meq/100 g) 

60-90 100-130 180-220 
200-

500 
1.5-3.0  0  0  0  0 

Diameter  

(m) 
<40 100-300 - 0-63 30-150 1-5 1500 <50 30-50 
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Carbon Basis  

(%) 
<1 

< %0.1 - 

%0.5 
 0  0  0 12-13 90.0  99.9   0 

Supply 
Edirne, 

Türkiye 

Sivas, 

Türkiye 

Manisa, 

Türkiye 

İzmir, 

Türkiye 

İzmir, 

Türkiye 

İzmir, 

Türkiye 

Milipore 

Germany 

/102514 

Superco 

USA 

/104206 

Balıkes

ir 

Tükiye 

 

2.3 Sampling and Analysis Method 

The experiments were conducted using reactors with a trapezoidal cross-section. Each reactor was 

supplied with air at a flow rate of 72 L/min using an aquarium pump from the bottom. Equal quantities 

of cattle manure were incorporated into the reactors, with the waste reaching a height of 80 cm. A 2 cm 

wide, leak-proof, filled column was positioned at the top of each reactor. This column, measuring 20 cm 

in height, contained 1 cm of glass fiber, 18 cm of adsorbent material, and an additional 1 cm of glass 

fiber, arranged sequentially from bottom to top. Gas discharge through the column was facilitated by a 

silicone hose, and the accumulated gas was collected in a Tedlar bag. At the conclusion of each day, the 

N2O content in the gas collected in the Tedlar bag was quantified using the MIRAN SapphIRE-XL 

analyzer. This procedure was conducted across nine distinct biofilter reactors. Furthermore, as a control, 

N2O measurements were directly performed in a reactor filled solely with cattle manure, omitting the use 

of a biofilter in the column. A graphical abstract of the experimental setup is shown in Figure 2. 

 

 

Figure 2. Schematic Design of Experimental Setup 

 

The MIRAN SapphIRE-XL Ambient Air Analyzer, a portable infrared spectrophotometer manufactured 

by Thermo Electron Corporation, was employed to detect N2O using the EPA-TO-16 method (EPA, 1999). 

The analyzer operates with a 60-second sampling interval, and the single gas analysis screen is updated 

every half-second. The operation is contingent upon the application in multigas mode or the activation 
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of compensations. The concentration of N2O is recorded by the Miran SapphIRE detector every 90 

seconds, with a sample cell volume of 2.23 liters. Prior to commencing the experiments, the instrument 

was calibrated using standard gas. The instrument automatically initiates the zeroing process via the 

Installation Chemical Filter at the start of each analysis. Measurements of N2O were conducted at a 

wavelength of 4500 nm. The device's maximum measurement limit (HRL) is 100 ppm, the detection 

limit (DL) is 0.04 ppm, and the measurement accuracy is ±10% per reading. Device calibrations were 

performed using the Cylinder to N2O and SF6 Mixture in Air (PN: CR014LN) calibration kit every five 

days of measurement. Pre-experiment calibrations of the analyzer were performed using a calibration 

tube containing 80 ppm NH3 and 5 ppm N2O with an error range of ±1%. 

2.4 Data Analysis  

The Shapiro-Wilk test was employed to assess the normality of the data distribution. The Levene test 

was utilized to evaluate the homogeneity of variances among the reactor groups. The Kruskal-Wallis test 

was conducted to determine whether statistically significant differences existed between the reactors. 

Discriminant analysis was executed to identify which reactors were most distinctly separated from one 

another. Time series clustering, specifically k-means clustering, a data mining technique, was applied to 

categorise reactors exhibiting similar movement patterns. The random forest method, a machine learning 

approach, was employed to predict reactor data, addressing regression problems through ensemble 

learning. This technique involves training multiple decision trees using a random method and deriving 

the final decision by averaging their outputs. Statistical analyses were performed using IBM SPSS v31.0 

and the MATLAB R2025b Regression Learner Toolbar. 

 

3. Results and Discussion 

The daily variations in N2O levels within each biofilter were recorded over a 24-day period. These 

measurements were compared to the N2O levels observed in the control group, which consisted of a 

reactor devoid of a biofilter. Basic statistical analyses, time series predictions, and random forest methods 

were employed for these comparisons. Figure 3 illustrates the comparison of each reactor's values with 

those of the control group. Assuming that the control group values represent the initial concentration (Co) 

and the values measured at the conclusion of each day in each reactor represent the final concentration 

(C), the purification efficiency performances were as follows: bentonite, boron nitride, perlite, 

colomanite, vermiculite, zeolite, activated carbon, graphite, and pumice, respectively. 

The temporal variation in N2O (N₂O) formation in cow manure is influenced by several factors, including 

the manure's age, temperature, humidity, pH, oxygen levels, climatic conditions, pile height, acetylene 

presence, and microbial activity. In this investigation, fresh cow manure was introduced into the reactor. 

Initially, nitrogen compounds such as ammonium are anticipated to facilitate the rapid formation of N₂O. 

However, over time, N₂O formation exhibits fluctuations due to processes such as mineralization, 

denitrification, nitrification, and oxygen availability. Previous research has indicated that N₂O formation 

stabilizes within approximately 60-80 days for animal waste, with sudden increases observed post the 
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80th day (Yang et al., 2013). Consequently, in our study, a sudden increase in N₂O is not anticipated 

within the selected 24-day time series across all reactors. Temperature emerges as the most critical factor 

influencing N₂O formation. Microbial activity, which plays a role in nitrification and denitrification, 

leads to an increase in N₂O levels up to a certain threshold with rising temperatures (Zhang et al., 2017). 

In this study, the average temperature within the reactors was recorded at 20.82 °C. Given the absence 

of temperature fluctuations due to continuous air supply, the temperature effect was not considered. Soil 

moisture significantly impacts N₂O formation through nitrification and denitrification processes (Zhou 

et al., 2020). However, due to the continuous air supply provided to all reactors for gas transport, moisture 

content remained stable and was thus not considered. The pH level, effective in N₂O formation in 

biofilters, generally remains neutral (6-8) (Yang et al., 2013). As the pH in the reactors ranged between 

6 and 8, its relationship with N₂O was not examined. Acetylene, which facilitates the reduction of N₂O 

to N₂, decreases N₂O levels in biofilters, particularly due to air supply and the creation of an oxygenated 

environment (Maia et al., 2012). It is posited that the continuous air supply in the reactors induces 

acetylene-related nitrification (incomplete nitrification) and a reduction in N₂O levels. 
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Figure 3. Temporal Changes in Reactors with Different Adsorbent Materials Control Group 

 

3.1 Basic Statistical Analysis 

When examining the box plots in Figure 4, it is evident that the median lines of each reactor are very 

close to one another, and the box distributions overlap. 
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Figure 4. Box Diagram of Biofilters Used in Reactors 

 

Normality was assessed using the Shapiro-Wilk test. The Levene test was employed to evaluate the 

homogeneity of variance across groups, resulting in a p-value of 0.416, which exceeds the threshold of 

0.05. This outcome suggests that the variances are homogeneous, rendering the reactor groups 

comparable. Subsequently, the Kruskal-Wallis test was applied to determine whether a general difference 

existed among all reactors. The test statistic of 0.099, each is greater than 0.05, indicates the absence of 

a statistically significant difference among the reactors. Pairwise comparisons between the control group 

(Reactor 10) and the other groups were conducted using the Bonferroni correction. No significant 

differences were observed in comparisons with the control group, except for Reactor 4. However, the 

difference for Reactor 4 was not statistically significant after correcting for multiple testing errors. 

Consequently, there is no statistically significant difference between the nine different biofilter groups 

and the control group. Although numerical differences were noted in Reactors 4 and 8, these differences 

are not statistically significant. A Dunnett post-hoc test was conducted to compare the control group with 

the other reactors. The results indicate no significant difference between each reactor and the control 

group at the 0.05 significance level (p > 0.05). 

Discriminant analysis offers a more effective framework for distinguishing between groups and 

demonstrates greater tolerance for limited data. The Wilks' lambda value was determined to be 0.928. 

Given its proximity to 1, this suggests that the reactor and control groups are not distinctly separated. 

However, since the significance level (Sig. = 0.041) is less than 0.05, the difference between the reactor 

and control groups is statistically significant. Upon examining the eigenvalues table to assess the model's 

explanatory power, the canonical correlation coefficient was found to be 0.269. The square of this 

coefficient indicates the proportion of variance in N2O within reactors that is accounted for by the model. 

Specifically, R² = (0.269)² = 0.072, indicating that 7% of the variance among reactors is explained by the 

N2O data, thus reflecting a weak explanatory power of the model. Analysing the group-centred function 

table to determine each reactor's position on the discriminant function, the z-score for the control group 
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is -0.248. The z-score closest to the control group is that of the 10th reactor group (-0.209), rendering the 

control group and the 10th reactor group indistinguishable. Conversely, the reactor group most distant 

from the control group is the 5th reactor (z = 0.536), which is distinctly separated from the control group. 

Ranking the reactors by their z-scores in relation to their proximity to the control group, the sequence is 

as follows: -0.209 (Bentonite), -0.183 (Colomite), -0.171 (Activated Carbon), -0.408 (Vermiculite), 

0.116 (Graphite), 0.16 (Pumice), 0.165 (Zeolite), 0.243 (Boron Nitride), and 0.536 (Perlite). 

Consequently, the 10th reactor exerted the greatest influence on the control group, whereas the 5th reactor 

exerted the least. 

3.2 Time Series Clustering 

The methodology employed involved comparing the 25-day performance trajectories of N2Os across 10 

reactors. The control reactor was designated as a single cluster, while the remaining reactors were 

categorized as a second cluster. The dynamic time warping distance was assessed using k-Means 

Clustering, facilitating the grouping of reactors based on their performance metrics. The k-Means 

clustering analysis revealed that a p-value of less than 0.05 signifies a statistically significant difference 

between clusters. Notably, a significant difference was observed between clusters for each variable across 

all reactors, except for reactors 5 and 8, where no significant difference was detected. Table 3 summarises 

the basic statistical analyses between reactors. 

 

Table 3. Results of Statistical Analysis between Reactors 

Reactors 
Normality Test  

(Shapiro-Wilks) 

One Way ANOVA 

(Dunnett Post-Hoc) 

Functions 

at Group 

Centroids 

K-Mean 

Clustering 

(ANOVA) 

 W p-value 
Adjusted 

p-value 

Mean 

Difference 
p-value z score F p-value 

Control 0.989 0.995 1.000 - - -0.248 4.576 0.009 

1 0.959 0.428 1.000 -41.79 0.998 -0.408 5.582 0.004 

2 0.972 0.729 1.000 108.04 0.623 0.165 3.210 0.036 

3 0.920 0.059 1.000 106.75 0.636 0.160 13.498 < 0.001 

4 0.955 0.352 0.193 204.83 0.049 0.536 2.689 0.063 

5 0.950 0.264 1.000 16.92 1.000 -0.183 1.030 0.417 

6 0.976 0.808 1.000 20.04 1.000 -0.171 3.769 0.020 

7 0.959 0.412 1.000 95.17 0.751 0.116 3.472 0.027 

8 0.877 0.007 0.558 128.29 0.428 0.243 1.328 0.296 

9 0.962 0.483 1.000 10.29 1.000 -0.209 3.922 0.017 
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3.3 Random Forest  

The Random Forest was used to examine which reactor showed a decrease in N2O levels during which 

time period. The reactor with the greatest effect on N2O removal was investigated. For this purpose, the 

Random Forest analysis was examined using the Regression Leaner method in Matlab. Figure 5 shows 

the RMSE (Root Mean Square Error) and Response Plot graph. According to the analysis results, the 

RMSE value was determined to be 267.62. The Normalized Error (NRMSE) of the model is 

approximately 17.2% of the data range. Accordingly, it shows that the model's ability to distinguish 

between the overall performance differences between reactors is at an acceptable level. In other words, 

the model cannot simulate the high standard deviation in the data. By overlaying the model predictions 

on the response graph in Figure, an attempt was made to identify which reactor had the deviation. The 

blue colors represent the measured N2O values, and the yellow colors represent the predicted values from 

the Random Forest model. The measured values have a wide range for each reactor and exhibit high 

variance. According to the graph, the predictions fail to capture the wide distribution of the measured 

data. This indicates that the model has not learned the instantaneous changes in the reactors. One possible 

reason for this is that reactor data should consider not only temporal variation but also other influencing 

factors (such as pH, temperature, etc.). However, it has been successful in simulating the average 

behavior based on model reactors. In summary, the machine learning algorithm used has shown that it 

can distinguish the systematic effects of adsorbent materials, rather than instantaneous noise, with a trend 

parallel to the actual data distribution, such as the decrease in the 7th reactor and the increase in the 4th 

and 5th reactors. 

 

 

Figure 5. Random Forest 
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4. Conclusion 

Given the efficacy of N2O as a greenhouse gas, its monitoring and regulation are crucial for mitigating 

climate change and global warming. Livestock facilities are significant sources of atmospheric N2O 

emissions, necessitating control measures within these environments. Consequently, a study was 

conducted under laboratory conditions to evaluate the effectiveness of various natural filters in removing 

N2O. Cattle manure served as the N2O source. Emissions from cattle manure were systematically 

collected over a 24-day period and treated in a packed column containing a biofilter. The adsorbent 

materials included bentonite, vermiculite, zeolite, pumice, perlite, colemanite, activated carbon, graphite, 

and boron nitride. For control purposes, one reactor was devoid of adsorbent material. Upon examining 

the temporal variation of N2O over the 24-day period across all reactors, no significant differences were 

observed that could be attributed to the type of biofilter. This lack of differentiation is attributed to the 

fluctuations in N2O levels due to nitrification and denitrification processes over the 90-day period, 

indicating that the 24-day measurement was insufficient to capture abrupt changes. As the process did 

not involve composting, parameters such as temperature, humidity, pH, and other pollutants were not 

monitored, rendering comparisons with composting studies inadequate. Statistical analysis using the 

Kruskal-Wallis test revealed no significant differences between the nine biofilter groups and the control 

group. Although numerical differences were noted in pumice and graphite, these were not statistically 

significant. Discriminant analysis indicated that the control group and boron nitride yielded similar 

results. Biofiltering with perlite demonstrated the highest N2O removal efficiency, followed by graphite, 

zeolite, pumice, activated carbon, vermiculite, colemanite, and perlite. In time series clustering, 

numerical differences were observed in pumice and graphite, yet these differences lacked statistical 

significance. The Random Forest analysis identified the reactor with the most substantial impact on N2O 

removal. The machine learning algorithm employed was capable of distinguishing trends consistent with 

the actual data distribution, such as the decrease in the activated carbon reactor and the increase in the 

pumice and perlite reactors. In conclusion, while the study assessed the relationship between N2O and 

adsorbent materials with the available resources, it determined that biofilters should be primarily 

evaluated concerning temperature, humidity, oxygen, and other pollutant parameters, considering their 

absorption capacities, and that monitoring should extend for a minimum of three months. In addition, 

when evaluating the relationship between nitrogen oxides and biofilter types using existing resources, 

the study concluded that biofilters should be assessed primarily based on temperature, humidity, oxygen, 

and other contaminant parameters, considering their absorption capacities. Emissions from cow manure 

contain various concurrent gas components present in high concentrations, including water vapor, 

ammonia (NH₃), hydrogen sulfide (H₂S), and VOCs. Due to the limitations of the single-gas monitoring 

system used in this study, the real-time concentrations of these gases could not be quantitatively 

determined. However, it is widely reported in the literature that molecules with high polarity, such as 

water vapor and ammonia, exhibit a higher affinity for the active sites and surface functional groups of 

porous adsorbents compared to the relatively stable N₂O molecule. Therefore, it is thought that other gas 
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components present in the environment may have rapidly saturated the available pores on the adsorbent 

surface or blocked the active adsorption sites. This competitive adsorption mechanism may have 

significantly suppressed the N₂O adsorption capacity of all the filter materials examined. Consequently, 

it is assessed that the most likely explanation for the statistically insignificant effect observed among 

different filter media is competitive adsorption occurring in a multicomponent gas environment. For 

future studies, it is recommended to use simultaneous multi-gas analyzers to elucidate this mechanism in 

detail and to investigate the surface properties of the adsorbent materials using advanced characterization 

methods such as FTIR and XRD. 
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