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Objectives 

• By the end of this lecture, you will be able to: 

– Describe the different classes of pollutants 

– Explain how pollutants move through air, water, 

and soil 

– Describe how soils can slow down or trap 

pollutants 

– List the pros and cons of many popular remedial 

techniques 
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Classes of Pollutants 

• What is a pollutant?  Give me some 

characteristics of a pollutant. 

 

• Determining whether something is a 

pollutant is not a simple question! 



Classes of Pollutants 

• Organic 

– Infections agents 

– Petroleum 

contamination 

(BTEX, TPH) 

– Chlorinated solvents 

(TCE, PCE, etc) 

– PCBs (electrical 

transformers) 

– Pesticides/Herbicides 

 

• Inorganic 

– Heavy metals (As, 

Pb, Hg, Cr, etc) 

• These can be 

naturally occurring! 

– Nutrient pollution 

(NO3
-, PO4

2-) 

– Greenhouse gases 

(CO2, CH4, N2O) 

 



Classes of Pollutants 

• There are a few uncommon classes 

of pollutants: 

– Radionucleides 

– Thermal pollution 

– Particulate matter / asbestos 

– Mold 

– Noise/Light pollution 



How do pollutants affect you? 

• Are you personally affected by pollution? 
https://www.scmp.com/sites/default/files/2013/06/06/masks_0.jpg 

http://www.huffingtonpost.com/jeb-harrison/sea-of-japan-becoming-a-dumping-ground-for-trash-from-china-and-south-korea_b_8005772.html 

http://blogs.cas.suffolk.edu/jstraka/files/2015/10/Fukushima-Daiichi-Nuclear-Plant.jpg 



How do pollutants affect you? 

This is a map of a GW 

plume caused by a leak 

at a gas station in Long 

Island. 

http://www.atsdr.cdc.gov/HAC/PHA/metrogas/mgs_p2.html 

990 people within 1-mile 

were found to have been 

drinking water containing  

MTBE, toluene, xylenes, 

TCE or TCA for 1 year 

without knowing it! 
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Air pollution 

• How does pollution get in our air? 

• Power plants and cars are the two main 

sources of pollutants in outdoor air 

– Heavy metals (Pb & Hg) 

– NOx & SOx 

– Particulate Matter 

– Greenhouse gases 

– Ground level ozone 

http://www.learnnc.org/lp/media/uploads/2010/01 

https://therawexplorerdotcom.files.wordpress.com/2013/11/bioweb.jpg http://images.nationalgeographic.com/wpf/media-live/photos/000/001/cache/dead-spruce_133_600x450.jpg 

http://www.eco-eating.com/images/acid-rain.jpg 

http://images.radiopaedia.org/images/1827647/6b765cac7f64a5107b54df2e031e12.jpg http://blogs.telegraph.co.uk/news/files/2012/11/climate-change_1509200c.jpg 

https://airnow.gov/images/smog2.jpg 

http://www.epa.gov/sites/production/files/styles/medium/public/2015-06/ozonehealthlining.jpg 



Transport of air pollution 

http://www.ct.gov/dep/lib/dep/air/ozone/oztransport.pdf 



Transport of air pollution 

• Air pollution 

goes where 

the air goes! 

• The people 

who breathe 

the pollution 

may not be 

the ones 

creating it! 
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Indoor Air Pollution 

• How does air pollution get inside buildings? 

• Many sources of indoor air pollution 
– HVAC 

– Mold 

– VOCs 

– Pesticides 

– Smoking 

– Paint 

– Cleaning                                                                           

products 

– Idling cars 



Indoor Air Pollution 

• Has anyone ever had their home or 

basement tested for radon? 

– How does radon get into your house? 

• Many substances can volatilize from 

soil or GW into buildings (Volatile 

Organic Compounds or VOCs) 

– These compounds can easily migrate 

through building foundations 

– What happens when these enter 

“energy efficient” buildings? 
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Contaminants in Soil & GW 

• How do contaminants get in soil & GW? 

http://bcn.boulder.co.us/basin/waterworks/images/gwcontam.gif 

http://deq.mt.gov/Recovery/remediation/images/leakingTank.gif 

http://www.ccswa.org/images/trash2-feathered.jpg 

http://www.northgeorgiawater.com/images/stormwater_basics_1.jpg 

http://www.npscorp.com/assets/product_images/1230740757.jpg 

http://www.caseih.com/international/Products/Tillage/Nutri-Tiller5310/PublishingImages/NTX5310-01203r-S540.jpg 

http://geology.com/minerals/photos/arsenopyrite-77.jpg 

Lots of ways! 



• Contaminants dissolved in GW flow 

where the GW flows 

– Soil particle size distribution 

– Topography 

– Presence of surface water bodies 

• It is critical to understand both the 

direction and velocity of GW flow 

• How do contaminants interact with 

the soil? 
http://www.caes.uga.edu/applications/publications/files/html/B1217/images/B1217-4.JPG 

http://www.customturfsolutions.com/system/files/BF2.jpg 

Contaminants in Soil & GW 
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Solid/Liquid Interactions 

Ion Adsorption 

 

  -   - -  

The Na and Ca both want to adsorb, but they  

use different mechanisms 

Outer-Sphere Adsorption Inner-Sphere Adsorption 



Solid/Liquid Interactions 

Ion Exchange 

 



Ions compete for adsorption sites Stronger ions replace weaker ions 

Solid/Liquid Interactions 

Ion Exchange 

 

-         - 



Weaker ions move from surface to solution 

Solid/Liquid Interactions 

Ion Exchange 

 

-         - 



Solid/Liquid Interactions 

• As contaminants move with GW, they 

interact with the soil 

• The more strongly a contaminant 

interacts with soil, the slower it will move 
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Remedial Technologies 

• Pump & Treat  

Drill wells into the cont. GW. 

Pump out GW, pass it 

through a system, release it. 

Need to measure the 

“capture zone” and ensure it 

gets the entire plume. 



Remedial Technologies 

• Dig & Haul 

Some cont. can’t be treated 

and can only be disposed of. 

Jobs can be small… 

…or large.  Dewatering can be 

expensive if you are below the 

water table.                         

Only 100% sure rem. method. 



Remedial Technologies 

• Bioremediation  

 

 

 

 

 

• Microbes don’t work for free!  You 

must provide food (carbon) and an 

electron acceptor (usually oxygen). 



Remedial Technologies 

• Chem Ox 

• Inject a highly reactive substance 

into GW and let it break down cont. 

• Sounds simple… 

http://www.arstechnologies.com/images/chemox_1.jpg http://www.arstechnologies.com/images/chemox2.gif 



Remedial Technologies 

• Many other interesting remedial 

technologies… 

– SVE/AS 

– Phytoremediation 

– Permeable Reactive Barriers 

– Electrokinetics 

– Solidification / Vitrification 

 



Objectives 

• By this point, you should be able to: 

– Describe the different classes of pollutants 

– Explain how pollutants move through air, water, 

and soil 

– Describe how soils can slow down or trap 

pollutants 

– List the pros and cons of many popular remedial 

techniques 

 



Questions? 


