
Determining Effects of Class I Landfill Leachate on 

Biological Nutrient Removal in Wastewater Treatment 
 

Ashley A. Danley-Thomson, Ph.D. 
Florida Gulf Coast University 

SWANA Florida Summer Conference, Palm Beach Gardens 
1 



• Assistant Professor in Environmental Engineering 

at Florida Gulf Coast University 

• B.S. in Civil and Environmental Engineering from 

Florida State University 

• Ph.D. in Civil and Environmental Engineering 

from Duke University 

• Research: sustainable water and wastewater 

treatment design, biotechnology, microbial 

engineering, community development, and 

international development. Solid waste 

engineering, water reuse, nutrient and energy 

recovery.  

Ashley Danley-Thomson, Ph.D. 



Objectives 

• Objective 1:  Evaluate the effect of leachate on the efficacy of biological 
nutrient removal (BNR) activated sludge processing using lab scale 
sequencing batch reactors (SBRs). Here, sequencing batch reactors are 
operated with nitrifying activated sludge and fed distinct ratios of synthetic 
wastewater and landfill leachate. Controls are also operated (100% loading 
of leachate as positive control, 100% loading of activated sludge as 
negative control).  

 

• Objective 2:  Determine the extent that BNR activated sludge can be 
adapted to effectively handle a loading of landfill leachate known to cause 
overloading using lab scale sequencing batch reactors (SBRs). Here, 
sequencing batch reactors operated with nitrifying activated sludge adapted 
to leachate loadings as described in Objective 2 are fed a ratio of 70% 
synthetic wastewater and 30% landfill leachate for one week.  

 3 



Research Approach 

4 

1 2 

30% leachate 
loading 



Research Approach 

5 

1 2 

30% leachate 
loading 



Research Approach 

6 

1 2 

30% leachate 
loading 



Research Approach 

7 

1 2 

30% leachate 
loading 



Research Approach 

8 

1 2 

30% leachate 
loading 



Research Approach 

9 

1 2 

30% leachate 
loading 



Research Approach 

10 

1 2 

30% leachate 
loading 



Phase I 
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All reactors receive synthetic wastewater.  



Average COD, total inorganic nitrogen (TIN), and phosphate loading were 599.3 + 

266.8 mg/L, 65.9 + 11.4 mg/L, and 5.3 + 1.1 mg/L, respectively.  

 

Average VSS in all 10 reactors receiving synthetic wastewater was 4,378 + 411.7 mg/L 
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Table 2. Average loading for each condition in Phase I.  



COD, TIN, and TP removals of 91.0%, 69.4%, and 35.8%, respectively 

 

No statistically significant difference in treatment was observed in the SBRs receiving 

synthetic wastewater (p>0.05).  
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Table 3. Average effluent for each condition at the end of Phase I.  



Phase II 
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Reactors receive defined ratios of synthetic wastewater and landfill leachate until 

steady state is achieved.  



Characteristics of the leachate sample throughout the experiment were COD = 5,935.6 + 

2,222.8 mg/L, NH4
+ = 2,047.8 + 419.9 mg/L, NO3

- = 157.4 + 69.6 mg/L, NO2
- = 0.29 + 

0.16 mg/L, PO4
- = 1.78 + 1.1 mg/L, and pH of 8.3 + 0.1 

15 Table 4. Average loading for each condition in Phase II.  



SBRs receiving only synthetic wastewater (0% leachate loading), 5% loading, and 10% 

loading had ammonium removals of 92.6%, 98.5%, and 84.0%, respectively. 

Suggest that nitrification was not inhibited at leachate loadings of 5% and 10%. 
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Table 5. Average effluent for each condition at the end of Phase II.  
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Table 5. Average effluent for each condition at the end of Phase II.  

Inorganic nitrogen conversion was affected at leachate loadings above 15%, as has been seen 

in previous studies. For leachate loadings of 15% and 20%, ammonium removal was 50.2% 

and 52.8%, respectively.  
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Table 5. Average effluent for each condition at the end of Phase II.  

While TIN-N % removal decreased with increasing leachate loading, mg of TIN-N increased 

as the loading increased.  
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Figure 5.  Total inorganic nitrogen distribution in effluent of each SBR leachate loading condition. Bars show 

relative percentage of each inorganic nitrogen species in the effluent, as well as any TIN removal. Each stacked bar is 

labeled with NH4
+-N concentration, NO2

—N concentration, NO3
—N concentration, and TIN removal as N in mg/L.  

Nitrate concentrations in the effluent of 5% and 10% were higher than the control which may indicate inhibition 

to the denitrification process, possibly due to the need for a supplementary carbon source as the remaining COD 

may have been non-biodegradable COD.  
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Figure 5.  Total inorganic nitrogen distribution in effluent of each SBR leachate loading condition. Bars show 

relative percentage of each inorganic nitrogen species in the effluent, as well as any TIN removal. Each stacked bar is 

labeled with NH4
+-N concentration, NO2

—N concentration, NO3
—N concentration, and TIN removal as N in mg/L.  

Nitrite build up was observed for leachate volumetric loading rates of 15% and 20%, indicating that nitritation 

occurred but nitratation was limited. This may be due to NOB inhibition, possibly due to free ammonia levels. 

Also, it has been observed that the typical inhibition threshold for ammonium is 480 mg/L for nitrifying 

populations. The 15% and 20% loaded SBRs had influents above this threshold.  



mg of COD removal generally increased as the leachate loading rate increased, but overall COD removal 

rates (%) decreased, as has been observed in previous studies where effluent COD increases as leachate 

loading increases, due to the increasing load of COD for each leachate loading condition.  
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Figure 6.  COD in effluent of each SBR leachate loading condition. Bars show relative percentage of COD in the 

effluent, as well as any COD removal. Each stacked bar is labeled with COD concentration in the effluent and COD 

removal in mg/L.  



Phase III 
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All reactors receive an organic over-loading of landfill leachate (30% v/v).  



Influent organic loading rate was increased to 3.6 g COD / (L d), which was double for the reactors 

adapted to 20% leachate loading (Phase II organic loading rate of 1.8), and represented a greater than 6X 

increase for the reactor adapted only to synthetic wastewater and not leachate (Phase II organic loading 

rate of 0.6) 

25 

Table 6. Average loading for each adapted sludge SBR condition in Phase III.  



SBRs adapted to a leachate loading rate of 5% and 10% experienced increased TIN-N 

removal than the SBRs adapted to no leachate loading  
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Table 7. Average effluent for each adapted sludge SBR condition in Phase III.  



5% - greater amounts of ammonium removal and overall TIN-N removal  

10% - similar ammonium removal rates but had less nitrite accumulation 

20% - similar ammonium removal rates and nitrite accumulation but also higher effluent nitrate, decreased denitrification 

15% - least amount of TIN-N removal, likely due to the low concentrations of VSS present in the SBRs in this phase 
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Figure 7.  TIN-N in the effluent of each SBR based on leachate loading condition they were adapted to. Bars show relative 

percentage of each inorganic nitrogen species in the effluent, as well as any TIN removal. Each stacked bar is labeled with 

NH4
+-N concentration, NO2

—N concentration, NO3
—N concentration, and TIN removal as N in mg/L. 
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Figure 7.  TIN-N in the effluent of each SBR based on leachate loading condition they were adapted to. Bars show relative 
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Figure 7.  TIN-N in the effluent of each SBR based on leachate loading condition they were adapted to. Bars show relative 

percentage of each inorganic nitrogen species in the effluent, as well as any TIN removal. Each stacked bar is labeled with 

NH4
+-N concentration, NO2

—N concentration, NO3
—N concentration, and TIN removal as N in mg/L. 



Suggest that SBRs adapted to a 5% and 10% leachate loading in Phase II accomplished nitritation (first step of nitrification 

where ammonium is converted to nitrite) more effectively than the control in Phase III which could suggest previous exposure 

to leachate allowed the microorganisms to adapt to the components of the leachate that may have otherwise decreased 

nitritation efficacy as seen in the control.  
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Figure 7.  TIN-N in the effluent of each SBR based on leachate loading condition they were adapted to. Bars show relative 

percentage of each inorganic nitrogen species in the effluent, as well as any TIN removal. Each stacked bar is labeled with NH4
+-N 

concentration, NO2
—N concentration, NO3

—N concentration, and TIN removal as N in mg/L. 



SBRs previously exposed to leachate loadings had a higher removal of COD that the SBRs never exposed 

5% and 10% - highest amount of COD removal  

15% and 20% - slightly lower amounts of COD removal compared to the reactors adapted to 5% and 10% 

leachate loading.  
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Figure 8.  COD in effluent of each SBR with the leachate loading condition that each reactor was adapted to. Bars show relative 

percentage of COD in the effluent, as well as any COD removal. Each stacked bar is labeled with COD concentration in the effluent 

and COD removal in mg/L.  



SBRs previously exposed to leachate loadings had a higher removal of COD that the SBRs never exposed 

5% and 10% - highest amount of COD removal  

15% and 20% - slightly lower amounts of COD removal compared to the reactors adapted to 5% and 10% leachate 

loading.  
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Table 7. Average effluent for each adapted sludge SBR condition in Phase III.  



5% and 10% - higher removals of TIN-N per mg of COD than the control  

15% and 20% - did not show a significant difference of removal of TIN-N per mg of COD compared to 

the control.  

 

Suggest that if BNR activated sludge is adapted to relatively low leachate loadings (5% - 10%), the sludge 

may be better able to handle shock loadings of leachate or temporary high loadings than if the sludge has 

never been exposed to leachate.  

35 Figure 9. Removal of TIN-N per mg of COD loading in Phase III for each leachate loading condition.  



SOUR of SBR MLSS in Phase III 
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• Used as an indicator for how leachate additions may affect the activity of BNR 

activated sludge.  

• Typically used to understand if a particular sludge is overloaded with COD, is 

experiencing a toxic response to a particular waste, is underloaded and needs to 

experience sludge wasting, or to know that the organic loading and VSS are well-

balanced 

• SOUR index was utilized where the control (0% leachate loading) defined as a 

SOUR index of one 

• SOUR index above one indicate more oxygen uptake rate per g of VSS than the 

control, which indicates increased activity of the microbes and possible organic 

overloading  

• SOUR index of less than one indicates less oxygen uptake rate per g of VSS than 

the control, which could indicate organic underloading and a need for sludge 

wasting, or it could indicate that the microbes are experiencing a toxic response 

and therefore their activity is decreased.  

 



Two days: SBRs conditioned to 10% and 15% had SOUR index values higher than 1, indicating greater 

oxygen uptake rate per g of VSS and increased sludge activity as compared to the control. SBRs exposed 

to 5% and 20% in Phase II had relatively low SOUR index values two days into Phase III, indicating 

decreased sludge activity as compared to the control, but these SOUR index values raised after additional 

days of exposure.  
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Table 7. SOUR Index of each leachate loading condition simulated in 

Phase II during Phase III when each SBR received a 30% leachate 

loading.  

Figure 10. SOUR index and leachate loading each SBR is adapted to 

over the 7 days of leachate loading at 30%.  



 

Four and seven days: All SBRs had SOUR values greater than 1, indicating greater oxygen uptake rate per g of VSS and 

increased sludge activity as compared to SBRs never exposed to leachate.  

 

Suggest that previous exposure to leachate may allow the microbial community to continue functioning (indicated by 

oxygen uptake rate) at a higher rate than the control which had previously not be exposed to leachate. This may suggest that 

prior exposure to leachate will allow a microbial community to continue to survive and function at better rates when 

exposed to high concentrations of leachate as compared to microbial communities that have never been exposed to leachate.  
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Table 7. SOUR Index of each leachate loading condition simulated in 

Phase II during Phase III when each SBR received a 30% leachate 

loading.  

Figure 10. SOUR index and leachate loading each SBR is adapted to 

over the 7 days of leachate loading at 30%.  



Generally, each SBR previously exposed to leachate had increasing SOUR values over the 7 

days, indicating increasing tolerance of the microbes to the leachate loading, as compared to 

the control.  
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Table 7. SOUR Index of each leachate loading condition simulated in 

Phase II during Phase III when each SBR received a 30% leachate 

loading.  

Figure 10. SOUR index and leachate loading each SBR is adapted to 

over the 7 days of leachate loading at 30%.  



• Leachate loaded at volumetric ratios of up to 10% or 80% of the total WWTP inorganic nitrogen 

loading did not exhibit nitrification inhibition or decreases in mg of COD removal.  

• SBRs previously adapted to leachate loadings of up to 20% v/v had improved COD removal when 

charged with an organic overloading of 30% v/v when compared to SBRs without previous exposure 

to leachate.  

• The SBRs adapted to a 5% leachate loading exhibited greater amounts of ammonium removal and 

TIN-N removal than the control when exposed to the 30% v/v loading.  

• SBRs exposed to 10% leachate loading exhibited similar ammonium removal rates to the control but 

had less nitrite accumulation when exposed to the 30% v/v loading.  

• Results indicate that BNR activated sludge may be able to be adapted to handle higher loads of landfill 

leachate in terms of COD removal and TIN removal than BNR activated sludge that has never been 

exposed to leachate.  

• This has implications for wastewater treatment plant operators who may consider accepting leachate. 

If activated sludge can be exposed to lower concentrations before handling higher loading rates, 

treatment disruptions may be minimized.  
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Conclusions 
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Objectives 

• Objective 1: To quantify the effect of various landfill leachate sources on nitrifying activated 
sludge utilizing Specific Oxygen Uptake Rate (SOUR). Six landfill leachate samples are 
tested at discrete ratios to determine how leachate loading may affect sludge activity.  

 

• Objective 2:  Evaluate the effect of leachate on the efficacy of biological nutrient removal 
(BNR) activated sludge processing using lab scale sequencing batch reactors (SBRs). Here, 
sequencing batch reactors are operated with nitrifying activated sludge and fed distinct ratios 
of synthetic wastewater and landfill leachate. Controls are also operated (100% loading of 
leachate as positive control, 100% loading of activated sludge as negative control).  

 

• Objective 3:  Determine the extent that BNR activated sludge can be adapted to effectively 
handle a loading of landfill leachate known to cause overloading using lab scale sequencing 
batch reactors (SBRs). Here, sequencing batch reactors operated with nitrifying activated 
sludge adapted to leachate loadings as described in Objective 2 are fed a ratio of 70% 
synthetic wastewater and 30% landfill leachate for one week.  
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1 2 3 

30% leachate 
loading 

Sample 

Site

MSW 

Collected 

(Ton/year)
a

Landfill 

Type

1 NA Rural

2 229,617 Rural

3 108,227 Regional

4
b

20,312 Regional

5 244,125 Regional


6 0 Semiurban/ capped
a
 Data  from 2017

b
 Leachate utilized in Phase II and III



SOUR of Leachate Samples in Central and 

SW FL 
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Leachate sample 3 and 6 both indicate 

a SOUR index of less than 1 for 

leachate loadings above 10% 
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Leachate sample 1 did not exhibit 

SOUR indices values below 1 until a 

leachate loading of 50%. However, it 

can be seen that the COD and 

ammonium concentrations are lower in 

leachate sample 1 versus leachate 

samples 3 and 6.  
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• Leachate sample 2 and 5 did not 

show SOUR indices below 1 even 

though they both exhibited 

relatively high COD and ammonium 

concentrations. This may suggest 

that inhibition in leachate samples 3 

and 6 occurred, not necessarily due 

to COD and ammonium 

concentrations, but perhaps to other 

constituents in the leachate 

• Due to the complexity of leachate 

and the variations of leachate from 

site to site, there may be usefulness 

in conducting site-specific SOUR 

tests for leachate when considering 

loading leachate into a POTW.  
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SOUR of Leachate Samples in Central and SW FL 

Figure 11. SOUR index of each leachate sample tested for Objective 1.  


