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Fall 2005
Week 6, Section p4

Studio 7c:  10/20/06:  Case Study

Group assignments:  A Recorder;  B Reporter/Skeptic; C Leader

One means of learning and doing science is through case studies.  The “Well Wishes” case that you will begin today has two goals:  applying scientific inquiry to a realistic event and increasing your savvy about aqueous chemistry and chemical reactions.  First read the case below; then brainstorm about the facts, the issues, and the questions; finally, develop a plan of action to get to the bottom of it.

Aqueous Chemistry:  Well Wishes
  Part A
Mom and Dad in Iowa are concerned about their little girl Andrea (who is not so little anymore….she and her husband Bryan have been married for five years and are expecting their first baby.)  Andreas’s father is particularly concerned about their septic system and well water since they are living in rural Vermont.  The following are excerpts from telephone conversations between Andrea, Bryan, and her parents.

Andrea:  "The rain you had is hitting us now.  We got another three inches last night.  The locals keep talking about this being the wettest spring they can remember.  We went out hiking around the lake this morning and kept sinking into the mud.  And, to make matters worse, there is standing water in our yard.  It is about 4 inches deep!  Bryan thinks the standing water is over where the septic system drains.  Do you think that is a problem?  We had the county septic system specialist, Bob Levah, out on Monday.  He said the tank was fine and wouldn't need pumping for quite a while.  He took tank samples and brought the report by last night.  All the levels are within normal ranges.”

Dad:  "From what I know, there are two possibilities.  The drain field might not be working properly and the liquid effluent from the septic tank might be pooling above ground.  If that is the case there could be hazardous sewage in your yard.  Or, if you have had a lot or rain recently, like we have, rainwater could just be accumulating at that point in your yard and it should go away in a few days."

"Is that standing water hazardous to me and the baby?  Should I stay away from it?"

"It wouldn't be a bad idea, but I'd be more concerned about your well water.  Have you had it tested yet?  I know when we have a lot of rain the city sometimes issues a warning to not drink the water."

"What in the water is dangerous?"
"Here it is farm runoff from fertilizers and animal waste which causes high nitrate and phosphate levels.  At work, we are looking at making fertilizers that adhere better to soil to decrease runoff."  

"I know from my med-tech days that high nitrate levels are especially harmful to infants.  Wait, let me go get my septic system test results ......  OK, this looks good.  Our nitrate levels are 0.4 ppm which is within the normal range."

"If that sample was taken in the septic tank it doesn't tell you the whole story.  It is not just the nitrate level itself, you have to consider any form of nitrogen that can be chemically converted to nitrate.  For instance, the ammonium produced in animal wastes on farms is oxidized to nitrate by atmospheric oxygen, and that is what gets into the water supply.  Our company tests this nitrification process all the time at our fertilizer production plant."

"Well, the test results show the ammonium level is 91.2 ppm in the tank.  Should we be worried? Our water doesn't smell like ammonia."

"If your drain field is working properly the ammonium is changed to nitrate long before it ever hits the water supply.  As I have said, the best thing to do is to get your tap water tested.  That is what you are drinking, after all.  If the nitrate level there is below the safe drinking water limit then you are fine.  If it is high, then you have to consider why it is high.  I suppose it could be problems with your septic system, but I wouldn't be surprised if you had a similar farm runoff problem in Vermont."

"OK, I'll call our neighbors Paul and Ericka Brecher who run the extension service from U of V and do water testing.  In the meantime, should I be drinking our water and what do I tell Bryan about the septic system?  I'm not sure how septic systems work and I want to know more before I call that Bob Levah guy again."

"Hal at the plant has worked on septic systems a lot.  I'll see if he has something that covers the basics and fax it to you if he does.  How is Bryan's book coming along?"

……….
The next day, Andrea called her parents back:

"You have reached Ramona and Frank Carda.  Please leave a message and we will get back to you as soon as possible.  Have a nice day...."  Beeep!

"Dad, thanks for faxing the septic system pamphlet out to me. I see now why I have to worry about the ammonium levels coming out of the tank as well as the nitrate levels.  Even if all the ammonium is converted to nitrate that still won't tell us the level of nitrate in our well water. According to the pamphlet you sent, the waste water that percolates through the soil first mixes with the ground water and then gets greatly diluted in the aquifer, which is where our well is tapped.  I remember enough chemistry to calculate how much nitrate would originate from our septic system, and those numbers might tell me if our septic system is putting out too much nitrate.  

Paul and Ericka, the extension people, are coming out tomorrow to draw tap water samples, but we won't have the results for another day or so.  I ran into Ericka in the grocery store and she explained a little about using another element as a tracer- I think she said chlorine? - that travels unaffected through the septic system to figure out how much the septic tank effluent is diluted in our water supply.  Anyway, I switched to drinking and cooking with bottled water just in case.  And one more thing, since the drain field is still flooded does that mean that ammonium is leaching into our well now?  Bryan is still worried about the cost to fix all this.  Being a new homeowner is taxing my usual optimism.  Sorry my message rambled on and on!  Give my love to Mom and call us when you have a chance."

Dad returns Andrea’s call:

"Hello."

"Hi Andrea.  Is everything OK?  You sounded really out of sorts in your message."

"Oh, it's this water stuff.  We called Bob Levah and he said that if the water level in our yard doesn't drop in 24 hours we'll have to consider replacing the drain field or connecting to the city sewer system.  A new system would cost between $5,000 and $6,000, which we don't have, and I'm sure connecting to the city sewer would be at least that much."

"Andrea, here's what you should do until you get the well water tests back.  Use the septic system ammonium levels to calculate the most nitrate your septic system puts out on a daily basis.  This will give you the maximum concentration of nitrate that your drain field is delivering to the water table.  Of course, your well water will likely have lower concentrations than that because the drain field effluent is first diluted by groundwater, and then further diluted in the aquifer.  However, the nitrate levels could be higher due to farm runoff.  You will just have to wait for the well water test results for the final word."

"How do I take groundwater dilution into account?"

"Were there numbers or percentages that refer to mixing proportions on the septic system report?"

"I'll have to check and get back to you.  If the report has the percentages at least I would know right away how much nitrate is reaching the aquifer from our septic system.  If that's an acceptable level then at least I'll know that we're not polluting our own water.  I'll give the calculations a stab and let you know."

"OK, sweetie, give me a call when you know more.  Bye."

Septic System Analysis






Date:
April 25, 2003

For:
Andrea and Bryan Muskov



146 Manitou Way


Greenfield, VT 

Description of Septic System:


Size of Septic Tank:  
1000 gal

Average Waste Addition:
238 L/day

Size of Septic Field:
80 m2
Drain Field:
Distribution box with 6 weeping PVC pipes 2 m apart 0.6 m below ground.  Pipes are in trenches filled with coarse sand 1 m deep

Soil Type:
fine fluvial sand 10 m deep with granite bedrock below


Typical Mixing ratio for Greenfield Township Area Terrain:  

20% ground water + 80% septic tank effluent

Effluent Levels (samples drawn at distribution box):

	Species
	Measured Level
	Within Normal Ranges

	Ammonium
	91.2 ppm NH4+
	√

	Nitrate
	0.40 ppm NO3-
	√

	Dissolved Oxygen
	0.3 ppm O2
	√

	pH
	7.6
	√

	Phosphate
	39.8 ppm PO43-
	√

	Calcium
	14 ppm Ca2+
	√

	Sodium
	92 ppm Na+
	√

	Sulfur as H2S
	12.5 ppm H2S
	√

	Carbon as CH2O
	531 ppm CH2O
	√


Background Levels (samples drawn upgradient) :

	Species
	Measured Level
	Within Normal Ranges

	Ammonium
	0.23 ppm NH4+
	√

	Nitrate
	17.27 ppm NO3-
	√

	Chloride
	4 ppm Cl-
	√
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Guide to Septic Systems


A third of the homes in the United States use septic tank/drainfield systems to dispose of human bodily wastes and gray water, the water used for bathing, dishwashing, and laundry.  While central sewage treatment plants dispose of such wastes in many areas, population growth and distribution patterns make it impractical to build treatment plants everywhere.  

When properly designed, installed, and maintained, septic systems can provide cost-effective treatment of household sewage and certain wastes from small businesses.  Unfortunately, septic systems that malfunction also can contaminate groundwater, surface water, and soils.  According to the U.S.  Environmental Protection Agency (EPA), septic systems are the most frequently reported sources of groundwater contamination in the nation.  The potential for pollution is great: these individual waste​water disposal systems discharge about one trillion gallons of wastewater into the soil each year nationwide.  Malfunctioning septic systems often affect the drinking water of users of the system first; many people who rely on a septic system also rely on groundwater, tapped by a well on the same property, to meet their drinking, household, business, and farm water needs.

Proper sitting, installation, and maintenance are the keys to keeping a septic system functioning well.  Although more than half the systems in the U.S. fail after 15 to 20 years, the conventional septic system can last for as long as 50 years if the homeowner maintains it properly.  With a basic knowledge of these systems, homeowners can avoid septic system failures and expensive remedial work and help eliminate health and environmental hazards such as groundwater and soil contamination.
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FIGURE 1:
Schematic of a household wastewater treatment system.


It should be noted that when properly used and maintained, a septic system can be an environmentally friendly and sustainable choice for water purification.  Through the use of septic systems, individual households are responsible for purifying their wastewater and returning it to a usable form.  Septic systems are a cost-effective and natural way to purify wastewater.


As seen in Figure 1, wastewater generated by the household is carried to an underground septic tank near the house.  The liquid from the septic tank flows into a drainfield further from the house.  The wastewater is purified as it percolates through the soil, mixing with ground water and eventually flowing into aquifers, (or lakes and rivers.)  Most households tap into this same aquifer for their water supply via a well sited away from the drainfield.  

SEPTIC SYSTEM BASICS
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A septic system consists of a sewer line from the house, a watertight underground receptacle called a septic tank, a distribution box, and a subsurface soil absorption area called a drainfield (Figure 2).  Although prices can vary significantly due to local geographical and geological conditions, a basic septic system costs approximately $5,000 to install.

Figure 2:  Schematic of septic system

The Septic Tank

Septic tanks usually are made of concrete, although other materials such as plastic or fiberglass may be used.  The main function of the septic tank is to remove solids from household wastewater.  Waterborne wastes from the bathroom, kitchen, and laundry leave the home through an underground pipe connected to the septic tank.  Baffles or tees in the septic tank slow the flow of incoming wastewater and prevent sewage from flowing directly through the tank to the soil absorption field.  Heavier solids settle to the bottom and accumulate as sludge; grease, foam, and some lighter solids float on the surface of the wastewater and form a mat of scum (Figure 3).  Bacteria present in the tank digest some of the heavier solids and grease.  During the decomposition process, some solids are liquified, reducing the overall volume of solids retained.  The remaining solids and scum that accumulate in the tank must be pumped out periodically; every three to five years is the usual recommendation.

The septic tank wastewater contains high levels of carbon- and nitrogen-containing organic substances.  In the mostly closed environment of septic tank, the lack of oxygen means that anaerobic conditions prevail.  While some of the carbon-containing substances are oxidized to carbon dioxide by microorganisms in the tank, most of the carbon is reduced to methane, a gas that is vented out of the tank.  Organic nitrogen and sulfur substances also appear largely in their reduced form as ammonium (or ammonia under suitable conditions) and hydrogen sulfide.  The gases ammonia and hydrogen sulfide (which is extremely foul-smelling and toxic) may also be vented out of the tank.  The chemistry of the carbon and nitrogen species in the tank are summarized by Figure 4.

The usual capacity of septic tanks is 750, 1,000, 1,200, or 1,500 gallons.  The required septic tank size is determined by the number of bedrooms in the home, with an estimated 150 gallons of wastewater generated each day for each bedroom.  That number is doubled to allow for a two-day retention time in the tank so solids can settle or float properly.  A three-bedroom home, for example, would require a 1,000-gallon septic tank (150 gallons per day times 3 bedrooms is 450 gallons; that figure doubled is 900 gallons, and the closest standard size is a 1,000-gallon tank).
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FIGURE 3.  Schematic of a septic tank.
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FIGURE 4.  Septic Tank and Drainfield Chemistries.

The Distribution Box

The partially treated wastewater, or effluent, is displaced by incoming wastewater and flows by gravity from the tank into lines in the soil absorption area, or drainfield.  A distribution box divides the flow among the lines to prevent any one line from becoming overloaded; the box has one inlet connected to the septic tank and several outlets connected to the lines in the drainfield (Figure 2).  A level distribution box is essential for distribution of effluent to all drainfield lines.  A septic system can include a pump if the effluent must be delivered uphill to the drainfield.

The Drainfield

The drainfield consists of lines of perforated plastic pipe or open-jointed drain tile buried in a series of gravel-lined trenches.  The length and number of drainfield lines are determined by the type of soil and the number of bedrooms in the home.  Liquid seeps out of the holes in the pipe or the seams between the tile sections and filters through a layer of coarse gravel and into the soil.  While moving through the soil, the wastewater is treated by soil organisms and by processes of soil filtration and adsorption.  


As oxygen from the air can permeate into the upper layer of soil, aerobic conditions exist in and immediately below the drainfield.  As a result, carbon-containing substances in the wastewater are oxidized to carbon dioxide.  Ammonium and other nitrogen-containing substances are also oxidized in the aerobic zone, producing nitrate.  This process is known as nitrification.  Organic sulfides are oxidized to sulfate.  As the wastewater percolates deeper into the soil it encounters water-saturated soil conditions.  In this saturated zone, dissolved oxygen is present at very low concentrations (in unsaturated soil the oxygen uptake of soil is about 236 g day-1 m-2 while in saturated soil it is only 6.7 x 10-4 g day-1 m-2) and hence anaerobic conditions again exist and very little additional oxidation takes place.  


If a drainfield is operating properly, the majority of the chemical changes of the wastewater occur under aerobic conditions.  Proper drainage of the drainfield is important so that the ground can absorb wastewater and maintain aerobic conditions.  The drainfield also serves to remove bacterial and viral contaminants from wastewater due primarily to adsorption of these species onto soil particles.  Eventually all liquid from the septic system passes through the drainfield and mixes with the ground water.  This diluted septic system effluent subsequently travels to nearby aquifers where it is further diluted.  

SEPTIC TANK MAINTENANCE

Pump Septic Tank Regularly

Failure to have the septic tank pumped out regularly is one of the most frequent causes of damage to the system.  By periodically pumping out the tank, the major expense of installing a new drainfield can be avoided or delayed.  Not pumping the tank regularly can cause the system to fail and contaminate well water.

Septic tanks should be pumped out every three to five years by a reputable septic tank service contractor, who is required to have a state permit to handle and dispose of the material removed from a septic tank (septage).  Businesses that pump septic tanks are listed in the telephone directory; the local health department also can provide information about septic tank pumpers in the area.  Pumping costs vary, so several estimates should be obtained.

Provide Adequate Site Drainage

Proper drainage of the drainfield is important so that the ground can absorb wastewater.  Drainage can be improved by directing gutters and downspouts away from the septic tank and drainfield.  The drainfield area should be graded so that it sheds, rather than accumulates, rainwater in low areas or depressions.  Do not pile snow on the drainfield or clear snow off of it.  Do not drive over the drainfield; compacted soil and loss of vegetation both reduce the soil's ability to accept wastewater.  A line of cast-iron sewer pipe, instead of plastic sewer pipe, should be installed under all vehicle crossings.

SEPTIC SYSTEM FAILURE

A survey of health department sanitarians conducted in 1991 indicated that the most common causes of septic system failure include lack of maintenance, an old drainfield, shallow or seasonally high water tables, clay soils, and shallow depth to rock.  Septic system failure, which often is signaled by sluggish drains, plumbing backups, or seepage on the ground surface, can be caused by system abuse or by poor sitting, design, or construction.  When a septic system fails, liquid wastes rising to tile ground surface or backing up into the house's plumbing create offensive odors and can be a health hazard because sewage may contain viruses and bacteria that cause diseases.  Ponded sewage in the yard also creates breeding places for mosquitoes and other insects.  When a septic system fails, it can contaminate groundwater with bacteria, viruses, detergents, chlorides, and a variety of potentially toxic chemicals found in common household cleaning agents.  Unfortunately, some systems may contaminate groundwater with no outward signs of problems; such failures usually are detected only when well water becomes noticeably contaminated.  Three options are available when a septic system fails: salvage the failing system, build a new system, or provide an alternative means of waste disposal.  

Distribution Box Problems


When a septic system's distribution box shifts from its level position, effluent moves toward one side of the box and travels to the drainfield through only one or two of the distribution lines (Figure 2).  Effluent concentrated in a small area of the drainfield saturates the area and prevents drainage through the soil.  Wastewater then can pond on the land surface and eventually prevent drainage from the septic tank, causing wastes to back up into household plumbing.  Improper installation and packing under and around the box can cause the box to shift as settling occurs.  Allowing heavy equipment to drive over the box also can shift it.  In some older systems, cast-iron pipe leading to the distribution box rusts, leaving the connections neither secure nor water tight.

Septic System Maintenance at a Glance

DO:

•
conserve water

•
pump tank regularly

•
inspect system each time tank is pumped

•
direct gutters and downspouts away from drainfield

•
maintain a healthy grass cover over the drainfield

DON’T:

•
allow backwash water from water softener or other water treatment devices to enter septic system

•
use biological or chemical additives in septic tank

•
scrub or disinfect tank

•
drive, plant trees, pile snow, or build anything over the drainfield

•
use a septic system for the disposal of anything besides toilet wastes and the water used for bathing, laundry, and dishwashing

Drainfield Failure


The drainfield has failed when its soil does not adequately absorb wastewater.  Unusually lush, green grass or the appearance of a gray-black, odorous liquid indicates surface seepage.  Sluggish drains or household plumbing backups also may indicate drainfield failure.  Drainfield failure may be occasional or continuous.  Occasional failures can coincide with periods of heavy rainfall or snowmelt, when poorly drained soils become saturated and unable to absorb wastewater.  Steep land, thin soil over bedrock, slowly permeable soils, and seasonally high water tables also may be responsible for drainfield failure.  In some locations, groundwater rises into the area in which the drainfield lies and creates saturated soil conditions underneath and around the distribution lines.  The already wet soils are unable to adequately filter and treat large volumes of wastewater from the drainfield lines due to the anaerobic conditions that prevail.  Household water conservation may sufficiently reduce the wastewater load to the drainfield to prevent this problem.  Installation of drains that intercept and collect excess soil water, which then is diverted away from the drainfield, also may be considered.

Drainfield failure also may result when homeowners neglect to pump the septic tank.  Solids accumulate to the point that they are carried into the drainfield, where they can clog lines, perforations in the pipe, and soil pores.  When clogged soil pores are the cause of system failure, diverting the flow to a new drainfield may allow the original system to regain its usefulness.  Research has shown the substances that cause soil clogging may accumulate if the drainfield is not used for a period of time.  A valve in the distribution box can divert the flow from the tank to a newly constructed drainfield while the old field is not used for 6 to 12 months.  Because clogged drainfields often can be put back into service, the existing drainfield should not be dug up unless there is no room to install a new one.

Plumbing Blockages

Blockages between the house and septic tank also may result in sluggish drains or sewage backups.  If the blockage is from tree roots, the roots must be removed and pipe joints resealed.  If the blockage occurs at the inlet pipe to the tank, the tank must be pumped out and all baffles checked.  Outlet pipes also should be checked.  In some cases, a plugged sewer vent can slow the rate of flow.  The assistance of a plumber or septic tank service contractor may be required to clear plumbing blockages.

This pamphlet was created by the authors though it is largely composed of excerpts from the pamphlet “A Guide to Septic Systems and Alternatives” by Kathryn P. Severbeck and Carolyn J. Kroehler and published by the Virginia Water Resources Research Center in 1992.  Used with permission from the Virginia Water Resources Research Center, a Research Center of Virginia Polytechnic Institute and State University, Blacksburg, VA.  

1) What are the issues/problems in this case?

2) What are the Muskov's main concerns?

3)  What additional information is needed to resolve the case issues?

4) What are the health effects of nitrate in drinking water?

http://ianrpubs.unl.edu/water/g1369.htm
http://www.cnn.com/HEALTH/9602/water/
5)  Is nitrate really a problem here in the US?  

http://www.epa.gov/safewater/dwh/c-ioc/nitrates.html
http://www.nitrate.com/nitrate2.htm
6) What are the origins for nitrate in the well water?  

7) Define MCL.  What is the MCL for nitrates?

8) What are the basic steps of purifying household waste in a septic system?

9)  What form does nitrogen take in septic tanks? In drain fields?  Entering the aquifer?

10) Figure 5 is a diagram of the Muskov’s drainfield.  Fill in all the other information that you can.

Figure 5:  Muskov’s Drainage Field
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11) How much nitrate goes into the aquifer?  

12a) How much nitrate does ammonium from the septic tank contribute to aquifer?   

    b) How much nitrate does the ammonium in the background contribute?

NH4+(aq)  +   2 O2(aq)   (  NO3-(aq)  +  2 H+(aq)  +  H2O(l)
13) If you measure the amount of nitrate in the Muskov’s well water will you know if they have a problem?  Will you know the cause of the problem?  

14) What should the Muskovs do?  

15)  Why do the Breechers recommend a chloride analysis?

16) What are the assumptions about using chloride as a tracer?

Tomorrow in lab you will need to determine the nitrate in the Muskov’s well water.  Read the lab NOW and put together a group plan of action.

17)  You will prepare your five standards.  Why?

18)  In the table in the next studio, fill in the concentrations for your nitrate standards and the volumes you need of the 100 ppm NO3-  standard to make them.
19)  What volume of sample from the Muskov’s well water should you use?


























































































� Walczak , M.M.; Lantz , J. M. “ Well Wishes.” J. Chem. Edu. 2004, 81, 218.
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