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BACKGROUND

 The U.S. EPA drinking water strategy (DWS). 

 The strategy will regulate contaminants as groups rather than 

individually. 

 The first group consists of 16 carcinogenic VOCs (cVOCs)

 Little information is available about the effectiveness of aeration 

technologies, such as low profile aeration, in the removal of cVOCs in 

sub ug/L level.

 Multistage low profile air stripping height and fouling
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OBJECTIVE

 The objective of this project is to determine the 
effectiveness of tray aeration technology for 
removing 13 focus carcinogenic volatile 
organic compounds (cVOCs) to the sub μg/L 
concentration range.

Research Team:

 PI: Dr. Zeyad Ahmed, Saudi Aramco

 Co-PIs: Dr. David Hand and David Perram, 
MichiganTech University
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PACKED TOWER AIR STRIPPING

 The most commonly used technology for removing 

VOCs from drinking and ground water

 Utilizes engineered or random media to provide the 

interface required for mass

 Design parameters: Specific surface area, column 

diameter, column height, and air/water ratio

 A wealth of VOCs removal data with various types 

of media are readily available
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PACKED TOWER AIR STRIPPING

 Require significantly less air flow rate for the 

same treatment objective, therefore their 

operational power requirements are lower.

 More appropriate if the water has tendency to 

foam.

 Susceptible to inorganic fouling

 Requires very tall towers and very often 

operated in series for this reason
encyclopedia.che.engin.umich.edu
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LOW PROFILE AIR STRIPPERS

 Also called tray strippers and tray aerators

 Utilizes a multistage treatment scheme 

 Water is introduced in a step-wise manner to a 

series of perforated trays

 The water flows by gravity from

 The top tray downward while the air in 

introduced counter-currently from the bottom 

of the unit upward through the holes in each 

tray

Carbonair STAT15

0.5-15 gpm, 80 CFM
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LOW PROFILE AIR STRIPPERS

 Much smaller and more compact 

 water flows horizontally in the trays

 It doesn’t utilize packing media

 Less susceptible to inorganics fouling

 Requires less and easier maintenance 

 Easy to assemble, add on, and disassemble

Carbonair.com
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DESIGN OF LPAS

 Analytical equations: Crittenden et al. 2012

 McCabe–Thiele graphical method: Crittenden 

et al. 2012

 Manufacturer-supplied software: Such as 

Carbonair Env. Systems Inc.; North East Env. 

Products Inc. 

 USACE design manual
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RESEARCH APPROACH

 The VOCs’ removal efficiencies were studied by 

collecting operational data from pilot plant 

operations, under:

• Various air-to-water ratios (53 – 652), 

• Three different temperatures (4, 12, and 20°C), 

• 1 to 6 trays in series.

 WRF specified 13 cVOCs of interest 

for this study: 
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RESULTS 

 Operating Condition

The operating conditions covered wide range of conditions as illustrated in the table below:

The results of the highest, lowest and

medium Henry’s constants cVOCs

Will be presented, full information and

performance data for the 13 VOC is 

available in the project report
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VINYL CHLORIDE 

 Vinyl chloride is characterized with high Henry’s law 

constant(0.869 dimensionless air/water at 20°C). 

 Low profile air stripping is very effective for vinyl 

chloride removal even at low temperatures and low 

air to water ratios (below 100).

 Vinyl chloride was completely removed in most of 

the tested scenarios

 Very high removal efficiency (99.6%) at the lowest 

temperature (4°C) and lowest air to water ratio (53) 

which is the worst case examined.
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BENZENE

 Benzene is characterized with a moderate Henry’s law 

constant (0.171 dimensionless air/water at 20°C). 

 Low profile air stripping is very effective for benzene 

removal even at low temperatures and low air to water 

ratios (below 100)

 100% removal at the three temperatures and air to water 

ratio of about 150. 

 At the low air to water ratio of 53, a lowest removal 

efficiency of 95.3% was achieved at the worst case 

scenario of 4°C.
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1,2,3-TRICHLOROPROPANE

 1,2,3-trichloropropane is characterized with a low Henry’s law 
constant (0.0096 dimensionless air/water), which is the lowest 
among the 13 focus VOCs. 

 Low profile air stripping is effective for 1,2,3-trichloropropane 
removal at high air to water ratios, and at high temperatures 
at moderate air to water ratios.

 1,2,3-trichloropropane was almost completely removed at the 
three temperatures and air to water ratio of above 500. 

 Lower removal efficiencies (94.2%, 80.1% and 57.8%) were 
observed at lower air to water ratios (150, 167 and 162), sub 
ug/L effluent was not achieved at 12°C and 4°C, 

 The temperature change effect was significant at this range 
of air to water ratios.

 At the low air to water ratio of about 53, the removal 
efficiency dropped to between 50% and 20%, at 
temperatures between 20°C and 4°C, and no sub ug/L 
effluent was achieved.
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DIFFUSED AIR VS LPAS

 Significant difference between the diffused air model and the data collected from the pilot plant operation. 

 Diffused air model underestimated the removal efficiency. 

 The mass transfer mechanism is fundamentally different from bubble aeration

High air flow rate causes 

the formation of very 

small bubbles or frothing

to form upon contact 

with the water



Non-Business Use

TRAYS EFFICIENCY 

 Trays in any low profile air stripper are most likely identical 

and operate under similar conditions 

 Trays have similar removal efficiencies

 overall removal efficiency for trays can then be 

calculated from the tanks in series formula
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CONCLUSIONS

 Low profile air stripping is a very effective technology for the removal of the 13 

focus VOCs examined by this study. 

 High removal efficiencies for many VOCs were achieved at air-to-water ratios as 

low as 53, which challenges the common assumption that low profile air stripping 

requires much higher air-to-water ratios.

 It is possible to achieve high removal rates at high air-to-water ratios (521-652) for all 

VOCs at a wide range of temperatures (4-20°C). 

 The temperature effect becomes more significant at low air-to water ratios, 

especially for VOCs such as 1,2,3-trichloropropane, which have low Henry’s Law 

constants.
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THANK YOU
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