Odor Detective Homework

CE524 Air Pollution – Spring 2010, Dr. Koziel
Due – February 8, 2010

You worked very hard almost all day on an air pollution class assignment and finally decided to go home.  You walked to the back parking lot of the campus building where you parked your motorcycle.  You are getting ready to mount the bike and you cannot escape a convincing ‘skunky’ smell in the air.  Having had nothing better do for the rest of the evening you decide to investigate this a bit more.  You are thinking, hmmm…. where such a skunky smell would come from?  The smell seems to be too strong to come from some skunk road kill.  You started riding your bike into the prevailing wind (from the east at about 5 MPH and the air temperature was about 25 ºC – you checked the correctness of this assumption later from the local weather station) and used your nose as the detector to find the increasing odor intensity.  This was not easy as the smell was intermittent.  You had to stop from time to time, wait, ride along north-south direction to find the apparent odor plume.  The smell was more intense as you were heading east.  You noticed that you were covering a ‘zig-zag’ pattern inside a ‘Christmas tree” to find the source, where the tree stem was that parking lot at ISU and the tip of the “tree” being the source.  Finally, you determined that the most likely source of smell was very close to the 3M site at the east side of town.  You drove around the site several times to check this assumption. Only the general area west of the facility had the characteristic skunky smell. Having taken CE 524 class you thought – well, let’s see, I could actually identify:

(a) the most likely compounds causing the skunky smell call it compounds X, 
(b) indentify the likely use of X at the assumed source, 
(c) find the reference and estimate odor detection threshold (ODT) (ppb and mass/volume at 1 atm and 25 ºC), 

(d) Estimate the distance between the source and campus.  
(e) Make quick on-site assumptions about the source’s stack height (10 m) and the gas velocity at the top of the stack (1 m/s)
(f) Use the Gaussian dispersion model to back-calculate the emission rate (in g/hr) of compound X making several assumptions such as:

· The emission rate is steady-state and have lasted for at least the whole time you were investigating this event on-site.  

· The atmosphere was very stable, very gentle and steady wind near the ground.  

· The detected ground-level concentration of compounds X at the campus parking lot would have to be at least the level of ODT.   

(g) Find the information about known toxicity of compound X especially via inhalation.  

You came back to the site for several nights after this event and noticed that your earlier finding of the source was correct.  The only difference was the direction of the plume and the strength of the smell varying with wind patterns.  Assuming that the site emits the same amount of compound X each night (to avoid detection by environmental compliance inspectors who generally work from 8 AM to 5 PM) and that the characteristic smell coincides with the 2nd shift  at the site (from 5 PM to 2 AM):

(a)  estimate emissions of compound X in (kg/day, kg/year).  
(b) Would this site be a likely subject to any air pollution regulations with regards to odor or compound X? 

(c) Discuss your findings.  Propose a response to your findings.  

(d) As always, show all assumptions, show all your work.  Have fun learning!

Additional assumptions related to the Gaussian dispersion model:

· Assume ‘urban’ terrain between the source and receptor. 
· Assume clear nighttime skies (you still remember marveling at fool moon on that night). 
· Assume 3 m of additional plume buoyancy at the stack that you have estimated at the site.  
· You may want to check if the parking ISU parking lot was at the centerline of the plume or not to select the proper simplified model of the Gaussian dispersion. 
Disclaimer – Any assumptions about 3M are used for the purpose of this academic exercise only. 

