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Some closed or partially closed landfills still produce important quantities of leachate, but 
instead of blending this material with active Class I leachate for disposal, there may be better 
alternatives. If a relatively inexpensive way to pretreat the leachate and safely dispose of it onsite 
can be developed, a giant step toward the potential for zero liquid discharge can be achieved. 
FAU has pioneered the advancement of landfill leachate treatment systems using photochemical 
iron-mediated aeration and TiO2 photocatalysis at laboratory scale in previous research funded 
by the Hinkley Center, which has led to the development of reactor prototypes for pilot scale 
testing. The objective of the proposed research is to test a prototype photooxidative reactor at 
pilot scale to determine the feasibility of safely discharging or reusing this leachate as a resource 
on-site.   
 
In previous work funded by the HCSHWM, 23 different engineering alternatives for long-term 
leachate management were evaluated (Meeroff and Teegavarapu 2010). For on-site treatment to 
work, some form of aerobic treatment would be expected to reduce leachate strength prior to 
discharge. However, biological systems are not well-suited for the removal of bio-toxics from 
water and are inefficient in dealing with wastes of varying quality, such as leachate. Thus post-
treatment, using constructed wetlands, combined physicochemical treatment, or evaporation 
systems, would then be required. Unfortunately, technologies such as activated carbon and 
certain advanced treatment processes, such as ozone, do not adequately address inorganics, and 
membrane systems or air stripping merely transfer organics to another phase or create a side 
stream, like concentrate brine, that cannot be discharged readily. Furthermore, multiple barrier 
systems are complicated to operate, costly, and generally inefficient. For on-site treatment 
options, the most effective strategies involve technologies that can destroy different classes of 
harmful contaminants all at once, without producing adverse byproducts and residuals. 
 
Fortunately, FAU has been working to address this need for sustainable, economical options for 
routine leachate treatment and safe discharge to the environment by investigating energized 
processes, such as photocatalytic oxidation. In our previous studies involving the use of 
photocatalytic oxidation technologies for treatment of landfill leachate, we were able to 
demonstrate destruction of 1400 – 2500 mg/L of COD in just 24 hours. But these leachates had 
initial COD concentrations on the order of 6,000–10,000 mg/L, so if we start with a less 
concentrated material (e.g. partially closed landfill leachate), it should be possible to completely 
destroy the COD with the added potential of meeting the requirements of F.A.C. 62-302 for 
metals and 62-777 for surface water target levels or even meeting the less stringent industrial 
water quality guidelines for onsite beneficial reuse of this material. 
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The research is focused on using a falling film reactor on a field scale pilot test to remove 
COD/BOD, ammonia, heavy metals, color, and pathogens from leachate. It is anticipated that 
guidelines will be developed for acceptable reaction times needed to treat the weak leachate from 
Dyer Park. The proper catalyst dose will be found. Additionally, the research will also determine 
the appropriate UV intensity and pretreatment requirements if any. Once an optimal process is 
found, the cost of treatment in dollars per gallon will be determined.   
 
A UV bulb is used to release an electron from the TiO2 to initiate the photocatalytic reaction. 
Any UV light with irradiance in the wavelength less than 384 nm will release the electron. 
However, no literature indicates if an optimum spectrum can maximize the cost effectiveness of 
the process. A series of tests will focus on two lights: A) 450W and B) 150W.  
In previous batch flow reactor work (Meeroff 2010), an Ace Glass Incorporated 450 Watt 
medium pressure, quartz, mercury-vapor lamp was used with the spectral data shown in Table 
1Table 3 and Table 2 and Figure 1.  
 
 

Table 1: Medium Pressure Mercury-Vapor Lamp Specifications from Ace Glass. 

 

 
 
  



Table 2: UV Spectrum Characteristics of the 450-W Medium Pressure Mercury Vapor 

Lamp. 

 

 
 
 

 
Figure 1: Medium Pressure Mercury-Vapor Spectrum 

 
In Meeroff and Youngman (2014), a falling film reactor was used with a Heraeus NNI 125/84 xl 
120 watt bulb, with irradiance at 254 nm of 0.35 mW/cm2 and radiation flux at 254 nm of 38 
Watts (Figure 2).  



 
Figure 2: Low Pressure Ozone Free Lamp Spectral Scan. 

 
Actual measurements were taken of both the 150-W and the 450-W lamps, as summarized in 
Table 3. These measurements were taken as close to the treated water exposure distance as 
possible.  
 
 

Table 3: UV Light Intensity Readings 

Lamp Power UV‐C UV‐A&B

150‐W 7.21 mW/cm2  0.518 mW/cm2

450‐W 0.06 mW/cm2 56 mW/cm2

 



 
Figure 3: UV Irradiation measurement of 150-W Light. 

 
To investigate how much lamp power is needed for COD removal from the two different light 
sources, both were tested (Figure 4). To calculate how many watts of power are being effectively 
transferred into the water, a simple calculation of arc length of light multiplied by the 
circumference was used to find the total area exposed. The total area of the 450-W light was 438 
cm2 while the 150W light was 1245 cm2. These values were multiplied by the measured UV 
intensity and converted to Watts. The 450-W light put out 24-W while the 150-W light output 
was 7.21-W. The falling film reactor holds 6.9 liters, and the flow was kept at 210 l/h for all 
tests. This gives a retention time of 0.03 hours or about two minutes in the reaction zone per 
pass. The total reactor length is 83 cm so the actual exposure time was calculated for each 
retention time, since the arc length of the 450-W is 27.94 cm, the exposure time is only 33 
percent of the retention time. While the 150-W light is almost the whole length of the reaction 
zone, so the exposure time is 95% of the retention time. Then using the volume of leachate in 
each test, the number of times each liter is recirculated was calculated to be close to 24 times per 
hour. Then by multiplying the retention time by the exposure time by the times recirculated per 
hour, the total exposure time was found per hour.  The 450-W light was exposed 0.27 hour or 
about 16 minutes while the 150-W light was exposed 0.72 of an hour or 43 minutes. So the total 
watts per hour per liter were found to be 6.63 W/hr/l for the 450-W light and 6.50 W/hr/L for the 
150-W light. Therefore the difference between bulbs was not in applied wattage but related to 
wavelength of exposure, geometry, and energy consumption. 
 



      
Figure 4: 450-W flow through (left); 150-W flow through (right). 

 

Reactor Modifications 

The falling film reactor has been used for previous experiments in the past at FAU. To prepare it 
for this round of testing, a new stainless steel pump was fitted to the plant. A mounting plate was 
fabricated from Plexiglas. This plate is mounted into the existing mounting location and the new 
pump is mounted to the plate. Since the stainless steel tubing was disconnected for pump 
replacement, they were thoroughly cleaned. This included the flow indicator in Figure 5. 
 
 



    
Figure 5: Flow indicator before (left) and after cleaning (right). 

  
Also cleaned was the fall falling film reactor’s reaction zone in Figure 6.  



    
Figure 6: Falling film reactor before and after cleaning 

 
For the first four tests, a temporary cooling coil was installed in the leachate reservoir; this coil 
was made of plastic tubing. For the latest two tests, a new coil was installed to cool the leachate 
more efficiently during testing. This coil can be seen in Figure 7.  



 
Figure 7: Stainless Steel Cooling Coil  

 
To increase exposure time of UV light, the falling film reactor was modified to a flow through 
reactor design. The flow through reactor holds 6.9 liters of liquid, this was achieved with a new 
discharge valve to regulate the outflow from the reactor (Figure 8). This created a hold time in 
the reactor of almost two minutes for the 150-W light. However for the 450-W light, since the 
light has an arch length of 11-inches, the total exposure time per pass is 39 seconds. The total 
light exposure for 1 hour was therefore 16.42 minutes.  
 
 

 
Figure 8: Discharge Valve 

 



 
At this stage, all experiments using this new modified pilot plant have been conducted on Dyer 
Park Leachate. Two different tests compared the effect of the two different lamp types (i.e. 450-
W Mercury Arc Lamp and 150-W). A sample of leachate was divided into equal portions and 
dosed with 5 mg/L of TiO2. The tests were conducted for a total of twenty-four hours divided 
into 8 hours blocks.  The first block of testing was a falling film test using the 150-W bulb. The 
major focus of this was to see if the temperature of the leachate could be controlled to acceptable 
levels for kinetics testing and to establish if the previous test could be replicated. The leachate 
was recirculated at 210 L/h by the pump with a total falling length of 79.3 cm, giving an 
exposure time of 0.398 seconds per pass. With a total exposure time per hour of 1.39 minutes per 
hour, after 8 hours, the COD was decreased by 20 percent and the ammonia decreased by 62 
percent (Table 4).  
 
 
 

Table 4: 150-W Tests 

 
 
 
 
The second experiment used a flow through configuration. In other words, the leachate was 
allowed to slowly flow around the light to increase exposure time using the back pressure valve.  
For the 450-W lamp, the exposure time is less because of the smaller arc length and has an 
exposure time of 0.49 minutes per hour. After the 8 hours of testing the COD was reduced by 32 
percent and the ammonia was decreased by 22 percent. The 450-W lamp reduced the COD by 37 
percent after 24-hrs. The reduction of ammonia was 41 percent reduction after 24-hrs (Table 5). 
 

Sample Temperature °C KWH  COD mg/l NH3 mg/l pH DO mg/l  COD mg/l filtered

Alkalinity 

mg/l as 

CaCO3

0 375 312.512 7.35

0 7.7 0.52 300 156.864 8.05

0.5 8.6 1.06 280 144.704 7.94

1 9 1.74 270 116.736 8.11

1.5 8.7 2.31 275 114.304 8.08

2 8.7 2.9 275 120.384 8.15

2.5 8.7 3.48 275 117.952 8.09

3 9.2 4.17 290 124.032 8.06

3.5 8.7 4.7 310 115.52 8.17

4 8.7 5.61 275 98.496 8.04

4.5 9.2 6.18 275 116.736 7.38

5 9.5 6.72 265 105.792 7.98

7 9.5 7.64 270 116.736 8.08

8 19.7 8.56 300 115.52 8.2 9.37 1020

9 9 9.48 285 129 8.56 8.67 285 1050

10 11.6 10.4 335 169 8.48 8.85 340 1070

11 12.1 11.32 225 170 8.58 8.9 255 980

12 12.2 12.24 260 178 8.54 8.81 250 990

13 12.3 13.16 245 177 8.59 8.91 210 1010

14 17.9 14.08 285 189 8.6 9.24 230 880

15 17.9 15 350 163 8.73 9.2 290 970

16 18.8 15.92 225 8.7 9.14 198 900

Test 1 Dryer Park Leachate 



 

Table 5: 450-W Tests 

 
 
 
The first series of tests are almost complete, the removal between the 450-W and the 150-W 
lamps are similar for the COD and ammonia. The 450-W light increased the pH higher and also 
reduced the alkalinity more than the 150-W light (see Appendix). The increase in pH indicates a 
higher peroxide production and possibly an increase in oxidation. Gas bubbles were observed in 
the reaction zone. 
 
 
Research planned for the upcoming months: 
 
 Complete the update to the literature review. 
 Meet with FDEP to discuss treatment targets for beneficial uses. 
 Refinements need to be made for the removal of all TiO2 in the piping network. There is 

some evidence that this could impact the results of COD testing. The alkalinity test needs to 
be completed on all the samples, and the total hardness needs to be measured for all the 
samples. A method of cleaning the inner light during testing need to be devised so that the 
light is not blocked from reaching the water for treatment.  

  

Sample Temperature °C KWH  COD mg/l NH3 mg/l pH DO mg/l 

Alkalinity mg/l as 

CaCO3

0 375 312.512 7.6

0 4.8 0 305 250.496 7.62

1 19.4 1.385 290 248.064 7.98

2 21.3 2.77 295 220.096 8.3

3 22.1 4.155 280 227.392 8.46

4 22.6 5.54 290 232.256 8.58

5 22.2 6.925 280 233.472 8.7

6 22.4 8.31 280 217.664 8.71

7 21.6 9.695 275 229.824 8.79

8 21.6 11.08 255 243.2 8.95 9.05 1050

9 26.6 12.465 240 220.78 8.98 9.07 1030

10 29.2 13.85 235 205.6408 9.02 9.02 950

11 30.9 15.235 235 201.856 9.1 7.34 940

12 28.6 16.62 250 171.5776 9.11 8.7 800

13 32.4 18.005 245 161.4848 9.08 7.48 980

14 29.9 19.39 240 151.392 9.06 8.32 820

15 29.2 20.775 245 143.8224 9.07 7.79 770

Test 2 Dryer Park Leachate 



Appendix 
 

 

Figure	3:	Temperature	During	Test	

 

Figure	4:	pH	of	Samples	
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Figure	5:	COD	of	Samples	

 

Figure	6:	Ammonia	of	Samples	
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Figure	7:	Dissolved	Oxygen	in	Leachate	
 

 

Figure	8:	Alkalinity	
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Figure	9:	Filtered	Vs.	Unfiltered	COD	Test	
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