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APPENDIX H

2.0 REVIEW OF TECHNICAL LITERATURE ON SEPTIC SYSTEMS

2.1 HOW SEPTIC SYSTEMS WORK

Septic systems, are composed of two treatment components, the septic tank (primary
treatment) and the drainfield, or soil treatment system (final treatment).  Figure H.1
shows a typical septic system.

Wastewater is piped from a home to the buried, watertight septic tank, which is sized to
retain the wastewater for 24 to 36 hours (Minnesota Pollution Control Agency
(MPCA, 2001)).  The contents of the tank separate into three layers: a floating scum layer
consisting of soaps, greases, oil, etc.; a liquid layer; and a bottom sludge layer consisting
of heavy organic and inorganic solids.  The environment inside the septic tank is
anaerobic, thus anaerobic bacteria in the sewage begin to break down the organic
materials; however, pathogens are not destroyed (Olson et. al., 1997).  The solids should
be removed from the septic tank at least once every three years (MPCA, 2001).

Liquids flow through the septic tank to the drainfield and into subsurface soil where
final treatment of the wastewater occurs.  The drainfield typically consists of a system of
perforated pipes placed in a bed of rock at the bottom of a trench.  The trench is covered
with soil.  Wastewater flows through the perforated pipes, into gravel trenches.  At the
bottom of the trench a biological layer, or biomat, forms, consisting of a thin layer of fine
solids, dead bacteria, and soil bacteria (Olson et. al., 1997).  The biomat slows the flow of
water into the soil, allowing the soil to remain unsaturated below the trenches.  This
maximizes the contact time between the wastewater and unsaturated soil.  As the
wastewater trickles through the soil, aerobic bacteria and filtration by the soil finish the
treatment process (MPCA, 2001).  For a drainfield to be effective there must be at least
three feet of unsaturated soil between the bottom of the trench and top of the
groundwater table (Olson et. al., 1997).

Septic systems are biological treatment systems designed to treat household wastewater
by breaking it down using bacteria and other microbes.  They are not designed to treat
organic solvents such as Trichloroethylene (TCE) or Perchloroethylene (PCE), which
pass through the system, leach into the groundwater, and can form a contaminant
plume (MSU, 2003) (Harris et. al., 2001).  In fact, these solvents can be toxic to the
bacteria and microbes that treat the wastewater.
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2.2 HOUSEHOLD HAZARDOUS WASTES IN
SEPTIC SYSTEMS                                          

Historically, TCE (Doherty, 2000), (FSU, 1995), (Long Island, 1991), (Jennings et. al.,
2004), (National Inspection Services, 2000) and PCE (WDEQ, 2000) were commonly used
as septic tank cleaners either directly or packaged as a brand name cleaner.  Being
aggressive degreasers, they were effective at cleaning grease from pipes and from the
inside of the septic tanks.  Another reason people have used PCE and TCE historically as
a septic tank cleaner was to breakdown the sludge built up in the septic tank,
supposedly causing it to pass through the septic tank, thereby delaying pumping out the
sludge.  In recent years, there has been an attempt by government agencies to educate
homeowners to not use these chemicals as septic tank cleaners because of their
hazardous nature and the effect they can have on the environment (MSU, 2003),
(Long Island, 1991), (USEPA, 2002).

One product that has been sold as a drain and septic tank cleaner over the years is
Drainz.  The Drainz product has changed over the years, but at one time it did contain
chlorinated solvents.  An investigation of groundwater contamination in the late 1970s
by the Connecticut Department of Environmental Protection included the chemical
analysis of a sample of Drainz.  The analysis of the sample in 1979 showed that the
content of Drainz included PCE, 1,1,1-trichlorethane, methylene chloride, and
chloroform (Marin, 1979).  The Drainz profile closely resembled the contaminants in the
septic system and well water being investigated.
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Residential septic systems are commonly recognized as a potential source of vinyl
chloride (VC) contamination in groundwater by the regulatory community.  The United
States Environmental Protection Agency (USEPA) web site has an index that lists
potential sources of various groundwater contaminants (USEPA, 2003).  Their web site
includes VC as a possible contaminant caused by residential septic systems.  A number
of states have similar indices that also list residential septic systems as potentially
contributing to VC contamination in drinking water supplies (MDEQ, 1999) (Univ. of
Nevada, 2004).

VC contamination of groundwater by septic systems is a logical outcome given the
common use of chlorinated solvents historically as a septic system cleaner.  As the TCE
and PCE migrate through the groundwater reductive biodegradation occurs, as
discussed in Section 2.4, resulting in VC.

In addition to septic tank cleaners, there are numerous household products that contain
TCE or PCE, as discussed in Section 2.3, including spot removers for fabrics, carpet
cleaners, paint strippers, engine degreasers, adhesives and glues.  When these get into
the wastewater or are flushed down the drain of a home with a septic system, these
products flow to the leach field of the septic system and can find their way to the
groundwater.

A properly constructed septic system is designed to fully treat traditional contaminants
in domestic wastewater.  However, it is not designed to treat household hazardous
wastes; therefore, the TCE and PCE that are contained in septic cleaners and other
household products pass through a septic system.  As water is flushed through the
septic tank, it can carry with it PCE, TCE, and VC to the drain field, where the
contaminants are deposited onto the soil.  As more water is flushed through the septic
system, the PCE and TCE can migrate to the groundwater.
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2.3 SOURCES OF VINYL CHLORIDE

VC can be found in households in glues and adhesives (USEPA, 1996).  Within the
environment, VC is commonly found as a product of the biodegradation of either
trichloroethylene or perchloroethylene (see Section 2.4 for details), which are found in a
number of household products.  Approximately 98 percent of all VC produced is used to
manufacture polyvinyl chloride (PVC) materials (ATSDR, 2004).

PCE is manufactured and processed throughout the United States.  It is produced in a
variety of grades for several uses.  Some of the primary industrial uses of PCE include
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dry cleaning, textile processing, metal cleaning and degreasing (ATSDR, 1997).  PCE is
found in household products for the same purposes, as shown on Table H.1.  PCE is
effective as a degreaser as it dissolves many organic compounds.  PCE has also been
used in contact cement, shoe polish, and garden pesticides (USEPA, 1980).

TCE is produced and processed commercially throughout the United States by only two
manufacturers.  TCE is primarily used as a degreaser for metal parts, as eighty percent
of the TCE manufactured in the United States is used for degreasing.  Household
products that have been found to contain TCE (see Table H.1) include typewriter
correction fluids, paint strippers, adhesives, spot removers, and carpet cleaners.
(ATSDR, 1997).

Summary

TCE and PCE (as well as VC as a degradation compound) are prevalent in groundwater
because of the wide spread use of these preferred solvents.  TCE and PCE, in particular,
are present as groundwater contaminants in many US public water supplies, causing
some to shut down (USEPA, 1999).
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2.4 BIODEGRADATION OF PERCHLOROETHYLENE
AND TRICHLOROETHYLENE                                    

Reductive dechlorination (also called reductive biodegradation) is the biologically-
mediated degradation process that is generally accepted as being the most effective for
the destruction of chlorinated solvents such as PCE and TCE.  VC in groundwater can be
produced as the result of the reductive biodegradation of PCE and TCE.  For this process
to occur, it requires that groundwater conditions favor the growth of the microbial
population capable of carrying out this transformation.

Microbial organisms use a variety of metabolic processes to generate energy and
maintain cellular growth.  These processes involve the transfer of electrons from an
electron donor (food source) to an electron acceptor, defined as an oxidation-reduction
(redox) reaction.  Organic molecules with abundant carbon-hydrogen bonds are good
food sources because they contain high-energy electrons (Byl and Williams, 1999).
Septic discharges contain these types of organic molecules.

Soil and groundwater microbes use a variety of natural electron acceptors, such as
oxygen (aerobic degradation), nitrate, iron, sulfate, and other minerals (anaerobic
degradation).  The use of these electron acceptors is not arbitrary but is based on energy-
transfer efficiency and availability (Montgomery, et. al., 1994).  The most common and
efficient electron acceptor is oxygen.  Thus, when waste products from a landfill, septic
system, feedlot, etc. are introduced into the subsurface, oxygen is the first electron
acceptor to become depleted and an anaerobic environment is created (Wisconsin
Department of Natural Resources (WDNR, 2003)).  Once the oxygen has been depleted,
microbes will use the next most efficient electron acceptor, usually nitrate, followed by
manganese, iron, sulfate, and carbon dioxide, respectively (Byl and Williams, 1999).

Highly chlorinated solvents, such as PCE and TCE, are electron poor because they have
chlorine-carbon bonds.  These compounds are more often used by the microbes as
electron acceptors instead of electron donors (Wiedemeier, et. al., 1998).  During
reductive dechlorination, chlorine atoms are replaced by electrons coupled to hydrogen
atoms, resulting in dechlorination.  Figure 2.2 illustrates the sequence of anaerobic
dechlorination starting with PCE to TCE to dichloroethene (DCE) to VC to ethene.

Dechlorination of PCE and TCE occurs under mildly reducing conditions, such as nitrate
or iron reduction.  However, anaerobic dechlorination of DCE to VC to ethene requires
stronger reducing conditions of sulfate reduction or methanogenesis (Vogel, et. al.,
1985).  If these stronger reducing conditions do not exist, VC will persist.  It is CRA's
experience that VC, once created in groundwater, remains in groundwater until the
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groundwater becomes more aerobic.  Should the VC contaminant plume migrate and
mix with oxygenated groundwater, the VC will degrade aerobically.

References

• Byl, T.D. and Williams, S.D., 1999, Biodegradation of Chlorinated Ethenes at a Karst
Site in Middle Tennessee: Water-Resources Investigations Report 99-4285; U.S.
Geological Survey.

• Montgomery, L., Assaf-Anid, N., Nies, L., Anid, P.J., and Vogel, T.M., 1994,
Anaerobic biodegradation of chlorinated organic compounds; in Chaundry, G.R.,
ed., Biological degradation and bioremediation of toxic chemicals: Portland, Oregon,
Dioscorides Press, p. 256-276.

• Wiedemeier, T.H., Swanson, M.A., Moutoux, D.E., Gordon, E.K., Wilson, J.T.,
Wilson, B.H., Kampbell, D.H., Hass, P., Miller, R.N., Hansen, J.E., and Chapelle, F.H.,
1998, Technical protocol for evaluating natural attenuation of chlorinated solvents in
groundwater: Cincinnati, Ohio, United States Environmental Protection Agency,
National Risk Management Research Laboratory, Office of Research and
Development, EPA/600/R-98/128, 248 p.

• Wisconsin Department of Natural Resources, 2003, Understanding Chlorinated
Hydrocarbon Behavior in Groundwater: Investigation, Assessment and Limitations
of Monitored Natural Attenuation: Remediation and Redevelopment Program,
RR-699, p. 12.

• Vogel, T.M. and McCarty, P.L., 1985, Biotransformation of tetrachloroethylene,
dichloroethylene, VC, and carbon dioxide under methanogenic conditions: Applied
and Environmental Microbiology, v. 49, no. 5, p. 1080-1083.



TABLE H.1

HOUSEHOLD PRODUCTS CONTAINING PCE, TCE, OR VC

Compound Product Reference

Vinyl Chloride (VC)
Glues and Adhesives 1)
Contact Cement 3)
PVC Pipe Glue 3)

Tetrachloroethylene (PCE)
Carpet Cleaners 1) and 3)
Dry Cleaning Fluids 1)
Engine Degreasers 1)
Spot Removers 1)
Contact Cement 3)
Wax Removers 3)
Shoe Polish 3)
Pesticides 3)

Trichloroethylene (TCE)
Dry Cleaning Fluids 1)
Engine Degreasers 1) and 3)
Shoe Polish 1)
Septic Tank Cleaners 1)
Spot Removers 2)
Carpet and Upholstery Cleaners 2) and 3)
Typewriter Correction Fluids 2)
Paint Strippers 2)
Adhesives 2)
Tar Remover 3)
Waxes 3)
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