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Abstract  
 
Nanotechnology has substantial potential for reducing contamination, toxicity and overall human health hazards 
and environmental risks. In recent times, nano zero valent iron (nZVI) has proved to be effective in contaminant 
reduction and pollution control. Iron is an important nutrient for the microbes involved in the anaerobic 
decomposition of solid waste in bioreactor landfills. Landfill leachate sometimes contains toxic compounds 
which nano zero valent iron has proven to be very effective in removing, particularly chlorinated organics, heavy 
metals, and odorous sulphides. The use of nZVI is well documented to remove contaminants from water and 
soil. However, no studies have been reported regarding the effect of adding nZVI to Municipal Solid Waste 
(MSW).  Therefore, the investigation of nanoparticles in stabilizing MSW was the primary goal of this study. The 
current study focuses on effect of nZVI on gas production and odor neutralization of MSW in bioreactor 
landfills.  
To accomplish the research objectives, two 6-gallon PVC lab scale bioreactor cells were simulated in the 
laboratory with fresh MSW collected from the Denton Landfill and operated as bioreactor landfill one without 
nZVI  (control reactor) and another with nZVI (0.01% by weight of the total mass of solid waste present). The 
current study compared MSW decomposition in lab scale simulated bioreactors, with and without the presence 
of nZVI. Based on the gas results, it was observed that utilization of nZVI in MSW decreases odorous hydrogen 
sulphide (H2S) though, it may delay the methane generation phase of the bioreactor landfill. However, once the 
methane production started, the gas generation rate and volume were almost similar to the bioreactor operation 
without nZVI.  Therefore, the addition of nZVI might be considered suitable for odour neutralization in 
bioreactor landfill. 
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1 Introduction 

Municipal Solid Waste (MSW) is generated within a community, with approximately 54% of this waste buried in 
landfills (U.S. EPA, 2005). Hence, waste minimization or increasing the capacity of landfills within the same area 
is becoming a major consideration. A bioreactor landfill is operated to enhance refuse decomposition, gas 
production, and waste stabilization through leachate recirculation and addition of nutrients in some cases. The 
application of nanomaterial as a nutrient is fairly a new concept in waste decomposition. Nano zero valent iron 
(nZVI) particles in particular may play a significant role in reducing contamination, toxicity and overall human 
health hazards and environmental risks. It is also important to study the life cycle of the nano materials 
themselves and the topic of potential effects of releasing more nano particles into the environment due to their 
increased usage (Lewinsky, 2008). Currently, zero valent nano iron particles have been used quite successfully in 
the field of waste minimization and contaminant reduction. Nano particles have greater surface area to volume 
ratio than larger particles, hence provide higher reactivity. nZVIs are highly effective against toxic chlorinated 
organics such as trichloroethylene (TCE) and polychlorinated biphenyls (PCBs) (Zhang, 2003).  They are also 
effective in adsorbing metals and in precipitating malodorous sulphur compounds from the liquid phase (Li et al, 
2007). The effects of the nZVI particles in solid waste decomposition and methane generation are not well 
documented. Further studies are required to investigate the effect of the zero valent nano iron particles on solid 
waste decomposition and gas generation. The primary objective of the study is the effect of nZVI on gas 
production and odor neutralization of MSW in bioreactor landfills.  
 

2 Material and Methods 

2.1 Methods  

2.1.1 Sample collection and characterization 

To evaluate the effect of nano zero valent iron on MSW degradation, two lab-scale bioreactors were built  

 one without nZVI (control reactor)  

 another one with addition of nZVI  

For the current study, fresh MSW samples were collected from the working face of City of Denton Landfill in 
December 2011. To collect representative samples, samples were taken from three random locations. First MSW 
was collected from a random location of the working face by a backhoe. Then it was thoroughly mixed and 
quartered on another surface. One quarter was randomly selected for MSW characterization. The samples were 
brought to the laboratory in plastic bags and preserved at about 4oC in the environmental growth chambers.  
Physical composition, moisture content, volatile solids content and unit weight were determined for all the fresh 
MSW samples collected from the landfill. 
 
Physical composition refers to the individual components that make up a solid waste stream, such as food waste, 
paper, plastic, yard waste, glass, and metal, Styrofoam, textile and others, usually expressed as a percentage of the 
total weight. The sample sorting was done manually. 
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For the current study, moisture content of the samples was determined according to standard method ASTM 
D2974-00 and APHA 2540 B.  
 
The unit weights of the samples were determined at their natural moisture content.  The municipal solid waste 
was compacted as per Standard Proctor Compaction ASTM D698. The volume of the mold was determined and 
consequently the unit weight was calculated by dividing the total weight by the volume.  

2.1.2 Reactor Assembly and Operation 

Lab scale bioreactors were simulated to study the effect of the presence of nZVI along with the MSW in a 
bioreactor landfill. Two 22.7 L (6 gallon) size PVC buckets were used to simulate bioreactor landfill in the 
laboratory; one was operated as a control reactor and another with addition of nZVI. The reactors were sealed to 
produce prevent leaking and tested for leaks before use. The reactors were filled with approximately 12 to 15 lb. 
of MSW samples. Water (sonicated with nZVI in reactor 2) was added to increase the moisture content to 40% 
by wet weight basis. Also 15% wastewater sludge by weight was added to the MSW mix as a source of 
microorganisms. The reactors were then sealed using an O-ring and silicone sealant.  A five-layer gas bag and a 
leachate bag were connected to each reactor. Cali-5-bond gas sampling bags were used. The reactors were 
operated at a constant temperature of 37°C in an environmental growth chamber for 4 months. The reactor 
schematic is presented below in Figure 1. 
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Figure 1 Schematic of Lab-scale Bioreactor 

 
The leachate generated in the simulated bioreactor landfills was re-circulated back into the reactors. The leachate 
was neutralized (pH≈7) with KOH buffer as necessary and recycled three days a week. This was done to 
optimize methane.  

2.1.3 Gas Characterization 

The volume and composition of  generated gas was monitored and determined on a regular basis. The volume of 
the gas was measured by emptying the gas bags with air sampling pump (Universal XR pump Model 44XR by 
SKC) with a flow rate of 1130 mL/min. The time taken to empty the gas bags were recorded.  

The composition of the gas was measured by GEM2000 analyzer by LandTEC. The GEM measures methane 

and carbon dioxide using a dual wavelength infrared cell.  

2.1.4 Leachate characterization 

The pH and conductivity of the collected leachate was measured using a bench-top meter by OAKTON. 
COD tests for leachate samples were done using premixed digestion vials and a  spectrophotometer (Thermo 
Spectronic’s 200+) that determines the absorbance of the leachate sample. To determine the COD of MSW 
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leachate, a calibration curve of absorbance vs. concentration was developed with solutions of known 
concentrations. From the calibration curve, for the corresponding absorbance recorded from the 
spectrophotometer, the COD value was determined. 
The laboratory test for BOD was carried out following the procedure outlined in Standard Methods for 
Wastewater Treatment. 
The method consists of filling with sample, to overflowing, an airtight bottle of specified size and incubating it at 
the specified temperature for five days. Dissolved oxygen is measured initially and after incubation. BOD is 
computed from the difference between the intial and final dissolved oxygen.  

2.1.5 Volatile Organic Compounds (VOC) of Reactor Samples Post Dismantling of Reactor: 

At the end of bioreactor landfill operation period, the reactors were dismantled and volatile organic compound 
test were conducted. VOC are an indicator of the organic content of a sample. It is also an important indicator 
of the state of decomposition of an MSW sample. This is test was done before the reactors were built and also 
after dismantling the reactors. For the VS test, procedure 2540E in Standard Methods was used.  
  
 

3 Results and Discussion 

3.1 Physical Characteristics 

The physical composition of the landfill samples was determined and the results are presented in Table 1 and 
Figure 2(a) and Figure 2(b). Paper was the most dominant component found, followed by wood, yard waste and 
plastic. 
 

  

Figure 2(a) Physical Composition of Reactor 1 (Control) 

 



 
 

 

Sinks a Vital Element of Modern Waste 
Management 
2nd International Conference on Final Sinks 
16 – 18 May 2013 
Espoo, Finland 
 

  

 

6 | P a g e  
 

 

Figure 2(b) Physical Composition of Reactor 2 (with added nZVI) 

The results of the other tests carried out to characterize the waste sample are compiled as follows: 
 
 

Table 1: Physical Characteristics of sample MSW 

Reactor 
# 

Moisture 
content, wet 

basis % 
 

Moisture 
content, dry 

basis % 

Unit weight, 
pcf 

VOC % of 
fresh MSW 
used to fill 

the reactors 

VOC% post-
dismantling 

R1 
 

41.42 70.72 40.09 85 64 

R2 
 

44.18 79.16 39.09 86.12 71 

 

3.2 Gas and Leachate Characteristics 

The gas compositions of the two reactors are presented in Figure 3(a) and Figure 3(b). 

 
 

Figure 3(a) Gas Composition of Reactor 1 (Control Reactor) 
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Figure 3(b) Gas Composition of Reactor 2 (With Nano materials) 

 
However, percentage methane productions of 50% or more were observed after 35 days and 85 days for reactor 
1 and reactor 2, respectively. 
 
Reactor 1 (control reactor) exhibits an increasing trend as expected in the cumulative volume of gas generated in 
time. From day 1to 20 it shows a gradual increase and after day 20, a sharp increase in the cumulative gas volume 
was observed. A peak value of 0.04 m3/kg (18 L/lb.) is reached around day 50, after which it levels off. 
Reactor 2 (reactor with nZVI) exhibits a similar trend. In this case, the cumulative gas production is slightly 
higher between days 0-28. After that the increase is very slow and gradual. A sharp increase can be noted around 
day 95 and a peak value is reached around the 100th day (16 L/lb.) before levelling off. 

 

 

Figure 4 Methane yield 
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Figure 5 Cumulative Gas Generations 

Table 2: Results of BOD and COD Tests  

 

Month BOD (R1) 
mg/L 

COD 
(R1) 
mg/L 

BOD/COD 
(R1) 

BOD 
(R2) 
mg/L 

COD 
(R2) 
mg/L 

BOD/COD
(R2) 

1 

 

10096.5 19050 0.53 25000 40000 0.63 

2 

 

703.92 2000 0.35 14430 37000 0.39 

3 

 

680 1800 0.34 14060 15000 0.38 

4 256 1660 0.16 2450 8750 0.28 

 
In case of gas generation, the initial hypothesis turned out not to be true. It is possible that the slow response of 
reactor 2 in terms of methane production may be due to microbial adaptation to the presence of nZVI. As a 
result, the phases of decomposition may have been occurring at a slower rate 

From the lab results (Figure 4, Figure5 and Table 2) it was observed that both reactors initially started producing 
methane together, but the reactor 1 (without added nutrients) reached its methane producing peak faster, on the 
48th day, but reactor 2 reached the peak value of methane yield only on the 101st day. On the 129th day, reactor 1 
had produced 254.5 L of methane and reactor 2 had produced 208.2 L of methane. However, from the volatile 
solids test results it can be seen that the first and second reactors lost about 22% and 13% of their organic 
content, respectively; their organic contents are still on the higher side and therefore, more methane could have 
been produced if the time of operation been longer. It is possible that the slow response of reactor 2 in terms of 
methane production may be due to microbial adaptation to the presence of nZVI. As a result, the phases of 
decomposition may have been occurring at a slower rate. Also it was observed from the pH data that the onset 
of phase 3, which is the methanogenic phase, was delayed in case of the reactor containing the nanoparticles. 
The final BOD/COD ratio for the control reactor 1 is 0.16, which is close to stabilization. The ratio of 
BOD/COD for the reactor with the nanoparticles is higher at 0.28. This is evident due to the delayed onset of 
methanogenesis in case of reactor 2. 

Addition of nZVI particles did not show much improvement in gas production. Moreover, there was a lag 
period observed in the gas production from the reactor that had added nZVI in it. This may be due to a number 
of reasons. First, the lag period observed could be due to the microbes acclimating to the iron-rich environment. 
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In the end the gas production from reactor 2 picked up and it can be assumed that had the reactor been operated 
for a longer time, it would have produced more gas. Secondly, the amount of added nZVI (0.1% by weight of 
the total MSW) might not be optimum for the microbes. For future experiments, this amount could be changed 
and the difference on gas production rate would tell us if we need to add less or more nZVI to get better results 
in terms of gas productions. However, based on the observed lag period, it is probable that a lower amount of 
iron added might have a more positive effect on the gas production rate. Also, in the MSW samples used for the 
current study, there was not much of chlorinated organics, small pieces of metals or C&D debris. This can also 
be a reason why the addition of nZVI did not show marked improvement in gas production. Further studies can 
be made using these particular types of waste to see if addition of nZVI leads to any improvement in gas 
production. 
 
The H2S data are presented in Figure 6. Based on the experimental data, application of nZVI may have caused 
decrease in the malodorous sulphur compound formation. Therefore, the addition of nZVI might be considered 
suitable for odor neutralization in bioreactor landfill.  
 

 

Figure 6 Changes in H2S Concentration 

4 Conclusions 

This study was undertaken to investigate the effect of adding nZVI particles to Municipal Solid Waste in lab 
scale anaerobic bioreactors. For this purpose fresh MSW sample was collected from the working phase of the 
City of Denton Landfill. Two sets of reactors were built one without nZVI (control reactor) and another one 
with nZVI particles. The results of the entire operation can be summarized as follows: 

 The MSW sample had physical characteristics comparable to the national average. The sample contained 
65% degradable in the form of food, paper, yard waste, and textiles, and 35% non degradable material in 
the form of plastic, metals, Styrofoam, C&D debris and others. The sample moisture content was 39% 
(wet basis) and 65% (dry basis). The sample unit weight was 39.5 pcf, and the sample contained about 
85.5% volatile solids. 

 The reactor without added nanoparticles reached its methane production peak faster than its counterpart 
(lag period of 53 days). 

 Reactors 1 and 2 produced cumulative gas in the order of 254.5 L and 208.2 L, respectively. Reactor 2’s 
lower production was likely due to the lag period. 

 The leachate trends were similar for both reactors. The leachate pH decreased at first and then started 
increasing after 15 days. The conductivity of the leachate decreased in time. The COD results showed a 
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gradual decrease with time, and the BOD decreased steadily with time. The ratio of BOD to COD 
decreased with time as well.  

 BOD and COD results for the second reactor were considerably higher than the first. This was due to 
the presence of nZVI in reactor 2 leachate samples. A lag in COD decline for the second reactor was 
noted, consistent to the gas production results, but for the same lag was not noted in case of BOD. This 
may be due to experimental error or due to the nZVI content in the leachate sample  

 The application of nZVI may have caused reduction of malodorous sulfur compound formation.  

Initially, nZVI did not inhibit gas production or MSW degradation. However, it apparently slowed down the 
process. It was more effective in reducing the production of hydrogen sulfide, albeit reducing odor from the 
MSW decomposition process. Further extensive study of MSW degradation in the presence of various 
concentrations of nZVI should be made in order to really find out if there is an optimum concentration at which 
nZVI helps in MSW degradation.  
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