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I.  INTRODUCTION

Many areas in Virginia, as in other states, are being rapidly developed, often

resulting in new homes being constructed on soils unsuitable for conventional on-site

wastewater treatment and disposal systems (OSWTDS) (Otis and Boyle, 1976; Cogger

and Carlile, 1984), risking current and future contamination of ground and surface waters

throughout the state (Cogger et al., 1988).  Many homes are dependent on these natural

sources for their private water supplies.  Wastewater disposed of in unsuitable soils will

not be sufficiently renovated prior to joining ground and surface waters.  Disease and

illness become imminent threats to those persons ingesting those waters.  Many Virginia

soils are either marginally or totally unsuitable for standard OSWTDS.  Such soils are

either shallow to bedrock, shallow to a fragipan, shallow to the groundwater table or of

mixed clay mineralogy (Hansel and Machmeier, 1980; Weymann et al., 1998).  They

may also have hydraulic conductivities that are either too slow or too fast to permit

adequate wastewater renovation (Hansel and Machmeier, 1980; Weymann et al., 1998).

Extending public sewers to provide sewage disposal into all areas with severely-

limiting soil horizons is not economically feasible so a need for information regarding the

use of these extremely limited soils for on-site waste disposal and treatment has emerged

(Weymann et al., 1998).  This project was developed to research alternative OSWTDS in

several marginal soils in Virginia.  Homes served by failing conventional OSWTDS were

considered for this study.  Sites were chosen based on soil suitability for alternative

system designs.  Ijzerman et al. (1992), Ijzerman et al. (1993), and Hagedorn and Reneau

(1994) have previously reported on two of the field sites at which shallow-placed low-

pressure distribution (LPD) systems were installed.  Monnett et al. (1996) have

previously reported on two spray irrigation systems installed as part of this research
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project.  A soil infiltrator LPD system was installed on a fifth site in a soil (Blairton, fine-

loamy, mixed, mesic Aquic Hapludults) that included a shallow seasonally perched water

table as well as low hydraulic conductivity.  The conventional OSWTDS previously

installed at this site was failing with effluent ponding on the surface and running down

into a low marshy area nearby.

The objectives of the research project were to evaluate each alternative OSWTDS

as a viable alternative for marginal/unsuitable soils (as per Commonwealth of Virginia

Sewage Handling and Disposal Regulations, 1982) for use in Virginia.  Overall

performance of the soil infiltrator LPD will be determined through evaluation of effluent

loading and soil moisture, soil water quality in and around the absorption area, and

biological and chemical renovation based on removal of coliform and bacteriophage

tracers and removal of nitrate through enhanced denitrification.
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II.  REVIEW OF LITERATURE

A.  PUBLIC HEALTH SIGNIFICANCE OF ON-SITE WASTEWATER
TREATMENT AND DISPOSAL SYSTEMS (OSWTDS)

The on-site treatment of domestic wastewater is designed to protect public health

and the environment (Otis and Boyle, 1976) by keeping untreated effluent below the soil

surface and by purifying it before it reaches ground or surface waters (Cogger et al.,

1982).  Typically, partially treated wastewater, or effluent, is discharged from a septic

tank through a distribution box and out into a soil absorption field (Bouma, 1975).  Soil

filtration and biological and chemical processes then break down or inhibit harmful

biological and chemical species from entering groundwater (Tyler et al., 1977; Reneau et

al., 1989).  The longer the effluent can be kept in contact with soil particles the greater

the probability that adequate purification will occur (Anderson and Bouma, 1977b).

Pathogenic bacteria, viruses, helminths (parasitic intestinal worms), and protozoa

all exist in untreated human waste (Wall and Webber, 1970; Burge and Marsh, 1978;

Bitton and Harvey, 1992).  Understanding how each group of pathogens and its

associated members act in the soil medium is imperative in order to supply safe

wastewater treatment (Gerba et al., 1975).

Burge and Marsh (1978) state that the size of helminth ova and amoeba cysts

would most likely retard their movement with water in a soil-pore matrix.  Bacteria and

viruses contained in effluent are small enough to move easily within soil but should be

adsorbed if percolated through a fine to medium textured soil (Burge and Marsh, 1978).

Risk of pathogenic bacteria and viruses reaching groundwater supplies and subsequently

contaminating human water sources is a current health concern (Reneau et al., 1975;

Brown et al., 1979; Duboise et al., 1979; Reneau et al., 1989).  The more common
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illnesses transmitted through contaminated groundwater include gastroenteritis,

shigellosis, hepatitis A, viral gastroenteritis, giardiasis, and salmonellosis (Craun, 1985).

Human effluents also contain organic compounds, detergents, and plant fertilizing

nutrients such as nitrogen and phosphorus compounds (Wall and Webber, 1970; Bitton

and Harvey, 1992) that pose significant health and environmental concerns as well (Tyler

et al., 1977).  Reneau (1979) speculated that the nitrogenous components contained in on-

site effluent disposal might be the most severe problem encountered with chemical

contaminants.  Chen and Harkin (1998) add that fixed N forms pose the greatest threat to

groundwater because of the formation and mobility of the nitrate ion in aerated

unsaturated soils.  Nitrogen compounds found in both human and animal waste and as

components in fertilizers may be transformed into nitrates (NO3
-) within the soil

environment and may in turn leach into groundwater used for drinking water.  Nitrate

contamination poses the health risk of methemoglobinemia for infants receiving the

nitrate-laden water (Preul and Schroepper, 1968; Payne, 1973; Reneau, 1977; 1979;

Cogger et al., 1988; Chen and Harkin, 1998).

Unsatisfactory performance of OSWTDS is evidenced by surface seepage of raw

effluent or by contamination of groundwater due to inadequate soil purification of septic

tank effluent (Bouma, 1975).  Surface seepage can occur when the effluent loading rate

exceeds the soil's absorption capacity, due either to inadequate permeability or low

hydraulic gradients in the presence of a water table.  Overflow or seepage of sewage

through soil, limestone, and fissured rock was responsible for 43 percent of waterborne

illness outbreaks reported from the use of contaminated, untreated well water during

1971-82 (Craun, 1985).

If subsurface blockages and/or soil overloading occur, untreated effluent may rise

to ground surface and pond or back up into plumbing potentially exposing humans to the

same biological and chemical agents mentioned above (Wolf et al., 1998).  In most cases

rapid flow through very porous soil and/or cracked bedrock does not allow for adequate
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purification of wastewater to occur prior to it reaching the groundwater table (Wall and

Webber, 1970; Tyler et al., 1977).  Utilizing marginally or totally unsuitable soils for

waste disposal only increases the number of failed OSWTDS (Otis and Boyle, 1976), the

potential for surface and groundwater contamination, and subsequent waterborne disease

outbreaks (Walker et al., 1973a).

A.  1.  SEWAGE DISPOSAL IN THE UNITED STATES

Where publicly owned treatment works (POTW) are not available, disposal of

human waste occurs through use of a septic system, cesspool, privy, or other similar

types of OSWTDS.  In 1995 in the U.S., 83.3 million housing units were served by public

sewer while 25.6 million utilized septic tanks or cesspools and 513,000 were reported to

use some other means for sewage disposal (U.S. Department of Commerce, 1997).  In

1980 public sewerage was available to 64.2 million units, 20.9 million units had septic

tanks or cesspools, and 1.6 million utilized other means for disposal (U.S. Bureau of the

Census, 1983b).  In the U.S. in 1970, 48.2 million housing units were served by public

sewer, 16.6 million were served by septic tanks or cesspools, and 2.9 million were served

by other means (U.S. Bureau of the Census, 1972).  While the number of housing units

served by POTW, septic tanks, or cesspools has increased over the last thirty years, the

number of units served by other means of sewage disposal has decreased.

Septic tanks and privies account for the highest total volume of water discharged

directly into groundwater and are most often implicated as sources of groundwater

contamination (Geraghty and Miller, 1978).  While the septic tank-soil absorption field is

quite a popular, low-cost and low-maintenance choice in rural settings, over one-half of

the total land area in the U. S. has soils that are unsuitable for this function (Otis and

Boyle, 1976).
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A.  2.  SOURCE OF WATER IN THE UNITED STATES

In the U.S. in 1995, 94.1 million housing units relied on a public system or private

company to provide a source of water.  Some 14.3 million units were reported to have an

individual drilled well while 1.7 claimed an individual dug well as the water source and

one million declared some other type of water source (U.S. Department of Commerce,

1997).  In 1980 72.6, 11.2, 1.9, and 1.1 million housing units were served by public

systems or private companies, individual drilled wells, individual dug wells, and by other

means, respectively (U.S. Bureau of the Census, 1983b).  In 1970 public systems served

55.3 million housing units, individual wells served 11.1 million units, and other means

were used for 1.3 million units (U.S. Bureau of the Census, 1972).

A.  3.  WATERBORNE DISEASE RELATED TO SEWAGE DISPOSAL

Most groundwater contamination problems, reported from individual home sites,

are due to septic effluent entering aquifers used for drinking water (Geraghty and Miller,

1978). Contaminated groundwater used for human, domestic, or recreational purposes

can be the cause of outbreaks of waterborne disease (Craun, 1985).  During the years

1971-78, contamination of surface or groundwater from the overflow or seepage of

sewage from septic systems and cesspools caused 41 percent of the outbreaks and 66

percent of the illnesses reported from contaminated, untreated groundwater supplies

(Craun, 1981).

During 1971-82, 31 percent of all waterborne outbreaks and 11 percent of all

waterborne illness were caused by the use of contaminated, untreated groundwater

(Craun, 1985).  Craun (1985) further stated that the use of inadequately disinfected

groundwater caused an additional 20 percent of the outbreaks and another 29 percent of

the illnesses reported during that same time period.  Forty-three percent of all reported

disease outbreaks caused by use of contaminated, untreated well water were due to

overflow or seepage of sewage through soil, limestone, and fissured rock (Craun, 1985).
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Only 7.5 percent of 460 samples from drinking water sources in three South

Carolina counties were not contaminated (Sandhu et al., 1979); while total coliform was

most commonly found, Escherichia coli was found in 43 percent of the supplies.

Bacterial populations were related back to water supply source depth and its distance

from the septic tank. Another study examined occurrences of typhoid fever and

concluded that each outbreak had an identifiable human carrier whose excrement traveled

by water flow from point of disposal to point of consumption (usually through a water

well) of those diseased (McGinnis and DeWalle, 1983).  Linear regression and

correlation studies of groundwater velocities predicted higher velocities in coarse-grained

soils and lower velocities in finer-grained soils.  Cotruvo (1985) suggested preventing

contamination of drinking water sources, appropriate treatment of contaminated sources,

and monitoring to detect contamination as areas of emphasis in the quest to provide safe

drinking water sources.

B.  ON-SITE WASTEWATER TREATMENT AND DISPOSAL

On-site wastewater treatment and disposal commonly occurs through a septic

tank-soil absorption system, or conventional OSWTDS.  Water used for washing dishes,

clothing, and persons along with all toilet wastes are flushed into a septic tank, usually a

concrete chamber placed below ground in a low-trafficked area maintained with a grassy

cover.  Solid material settles to the bottom of the tank, while scum, greases, and oils from

the waste form a top layer.  The middle layer is a clarified effluent, devoid of most solid

and oil-based waste.  It is this liquid that is fed, in most cases by gravity, to a pipe system

installed in gravel-filled subsurface trenches.  The absorption site and soils are chosen

based on their capabilities to accept the effluent at a rate that can treat and purify as the

effluent percolates into the subsoil.
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B.  1.  ALTERNATIVES TO CONVENTIONAL OSWTDS

It is estimated that over 50 percent of the soils in the U.S. have permeability too

slow to allow conventional septic tank-drainfield systems to be installed (Otis and Boyle,

1976).  Alternative systems were originally developed to solve problems on existing lots

and are becoming acceptable for new construction (Hansel and Machmeier, 1980).  These

systems offer effective waste disposal and treatment and may be utilized on soils with

extremely rapid or slow permeability, high groundwater table, shallow bedrock, or other

restrictive horizons within the soil (Hansel and Machmeier, 1980).

Otis and Boyle (1976) determined evaluation of any potential waste treatment

system should be based on average effluent quality produced, variability in effluent

quality, operating and maintenance requirements, and total annual costs.  Generally,

alternative systems are more expensive to construct and/or maintain and are more

difficult to install (Hansel and Machmeier, 1980).

B.  1.  a.  SAND MOUND

In the 1970s an alternative to the conventional drainfield, called the Wisconsin

sand mound, was developed (Converse and Tyler, 1984; 1985).  This system relied upon

a sand fill over the natural soil to treat and dispose of septic tank effluent.  Natural soils

with water tables approaching 25-30 cm of the surface and with B horizon permeabilities

of moderately low to low were acceptable for on-site disposal if this alternative were

employed.  The design of this system is based on wastewater moving both horizontally

and vertically away from the sand mound (Converse and Tyler, 1984; 1985).  Good

performances were noted in soils with high water tables (25 cm below the soil surface)

and in soils with saturated vertical hydraulic conductivities rated moderately low

(Converse and Tyler, 1985).  It has been shown that ponding may occur due to clogging

mats, high loading rates, and use of poor quality sand and may be influenced by lower

activity of bacteria in certain months of the year.  Lessening loading rates may discourage
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ponding within the bed (Converse and Tyler, 1984).  Pause (1989), summarizing on-site

alternatives, noted that the Wisconsin mound system has proven to be an effective

alternative on difficult soils.

A system comprised of soil-covered seepage trenches on top of 60 cm of sand fill

placed over the original soil surface indicated large reductions in fecal indicators and

high nitrification rates from samples taken at the toe of the mound (Bouma et al., 1975).

Even distribution of effluent was achieved by use of small diameter piping with small

dosing holes.  Drawbacks to the mound system include critical construction techniques,

costs, and the large amount of surface area needed (Bouma et al., 1975).

Columns designed to simulate mound systems were dosed 2 cm every 6 h with

effluent to study moisture patterns (Magdoff et al., 1974a).  Fill remained aerobic under

crusting that occurred with subsequent ponding of effluent at the fill/gravel interface.

Aerobic conditions were maintained in columns where walls were perforated (Magdoff et

al., 1974b).  Sealing off columns to encourage anaerobic conditions has been shown to

not represent field conditions (Magdoff et al., 1974a) based on an oxygen concentration

of 19.6 percent detected at 5 and 10 cm below the crust in a seepage bed (Walker et al.,

1973a).

B.  1.  b.  LOW-PRESSURE DISTRIBUTION SYSTEM

Low-pressure distribution (LPD) includes three basic design improvements over

the conventional OSWTDS (Cogger et al., 1982).  In LPD a more uniform distribution of

effluent discourages localized overloading in trenches while dosing and resting cycles

encourage both anaerobiosis and aerobiosis and the shallow placement of trenches allows

for use of the more permeable soil horizons.  Each improvement offers resistance to filter

failure, a common problem among conventional drainfields, believed to occur when a

heavy sludge layer is deposited on the trench soil surface, thereby clogging the natural

pore structure (de Vries, 1972).
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Conventional gravity drainfield trenches are placed no less than 45.7 cm deep in

the soil horizon, while an LPD trench may be placed as shallow as 20.3 cm, maintaining

a minimum of 30.5 cm between trench bottom and any restrictive soil layer as required in

both conventional and alternative systems (Cogger et al., 1982).  It is indeed crucial that

drainlines be level and that correct pressure utilized so as to provide uniform distribution

over the entire trench area, but without scouring the trench gravel or soil (Cogger et al.,

1982).

Shallowly-placed LPD OSWTDS installed in an Atlantic Coastal Plain Typic

Ochraquualt restricted fecal coliform movement both horizontally and vertically and

provided 90 percent reduction of nitrate-N with increasing distance from the OSWTDS

(Stewart and Reneau, 1988).  Unlike conventional septic tank-soil absorption systems

with their plumes of wastewater, effluent is evenly distributed over the entire drainfield in

the LPD.

Ijzerman et al. (1993) installed a shallow-placed LPD consisting of three

subsystems in a soil characterized by a shallow depth to shale bedrock.  Design loading

rates for the individual subsystems were 14.3, 7.7, and 30.6 Lpd/m2, approximating

current Virginia regulation, one-half the current Virginia rate, and a North Carolina

design, respectively.  Actual loading rates were determined to be 4.1, 7.7, and 16.7

Lpd/m2, respectively, due to resident consumption at less than predicted value.  The

North Carolina system failed within six months of installation and was closed off.  The

other two subsystems performed well hydraulically and with respect to bacterial removal

during two seasonal tracer studies (Ijzerman et al., 1993).

Columns of soil-fill and coal mining spoil-fill were constructed and dosed at

various loading rates with septic tank effluent and sand filter effluent to determine fecal

coliform removal rates (Peterson et al., 1994).  Spoil-fill performed as effectively as soil-

fill columns under a loading rate of 21.6 Lpd/m2, however a trend of greater fecal

coliform counts in column effluent was noted for the spoil-fill.
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The use of topsoil as a treatment medium proved effective in two spray irrigation

OSWTDS located over restrictive soils (Monnett et al., 1996).  Secondary effluent was

treated by an aerobic unit at the first site and by a sand filter at the second site.  Both

systems functioned well hydraulically and overall N removal rates by the soil-plant

system were between 85 and 95 percent (Monnett et al., 1996).

Two neighboring shallow trench drainfields received effluent directly from either

a septic tank or from a sand filter (Weymann et al., 1998).  The low-pressure pipe system

took advantage of sandy permeable A and E horizons overlying a clayey Bt and very

slowly permeable C and Cr horizons to dispose and treat dosed effluent.  A thin zone of

saturation occurred between the E and Bt horizons however the restrictive layers were not

saturated which suggested that lateral flow above the restrictions and possibly macropore

flow through them allowed the apparent success of the system.  Pretreatment offered by a

sand filter would appear to further the treatment success of OSWTDS installed in these

Triassic Basin soils (Weymann et al., 1998).

A low-pressure distribution OSWTDS was installed along with filter and

background field tile drains in a Glossaquic Fragiudalf characterized by poor drainage,

slow permeability, and a high seasonal water table throughout the profile and a fragipan

at 116 cm (Wolf et al., 1998).  Effluent dosed into the filter field at a rate of 18 Lpd/m2

was biologically and chemically renovated within 100 cm of soil indicating the

possibility of site-specific alternative OSWTDS to perform well in soils considered

unsuitable for conventional OSWTDS installations.

B.  2.  COMPARISON STUDIES INVOLVING CONVENTIONAL AND
ALTERNATIVE SYSTEMS

Eight installations of aerobic and anaerobic treatment processes were tested under

field conditions at private homes (Otis and Boyle, 1976).  Comparison studies of septic

tanks and aerobic units indicated that although offering a better treatment, periodic
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failures in the aerobic units provided greater variation in effluent quality.  Fecal coliform

counts were much lower and almost complete nitrification and some denitrification

occurred in the aerobic units (Otis and Boyle, 1976).

Evaluation of 15 conventional and alternative systems including four LPD, two

soil replacement, and two pressure-dosed mounds placed in soils with high water tables

indicated that system performance was generally better in the lesser saturated soils

(Cogger and Carlile, 1984).  The LPDs performed well, the soil replacement did not

perform adequately, and one mound failed.  Average contaminant levels were greatly

reduced 7.6 m from the absorption field.

C.  SOIL PROPERTY EFFECTS ON WASTEWATER DISPOSAL

If the only purpose for OSWTDS were to keep effluent below the ground surface,

it would be hydraulically acceptable to discharge directly into groundwater.  However,

this would not satisfy the purification purpose of wastewater treatment and renovation.

Since the purification of wastewater depends on passage of effluent through a minimum

amount of soil before discharge to groundwater, hydraulic conductivity, rather than soil

permeability, is the most reliable measure of the ability of a soil to conduct liquid under

saturated or unsaturated conditions.  Different soil texture classes require varying soil

depths to adequately treat wastewater.

Romero (1970) stated that each soil layer has its own unique characteristics and

thereby an individual capacity to filter, treat, or pass on harmful constituents in human

sewage and establishing a common set-back distance for a groundwater well to a sewage

disposal system is impossible.  Rather, establishing three regions of particle size,

depicting prohibitive, hazardous, and probably safe zones, for well construction may be a

more prudent approach to securing minimal separation distances from sources of

pollution.  Romero (1970) suggested a minimal distance (setback) would be 100 feet,

unless further justified.
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Recommended adequate separation distances between potential pollution sources

and groundwater wells were mapped for a city-wide area by use of a MS-2 coliphage

model which suggested distances ranging between 15 m to greater than 150 m depending

on a specific site (Yates et al., 1986).  Several assumptions were made to establish the

model; however, the range in potential separation distances brings forth a strong need to

evaluate each proposed well site based on local physical characteristics instead of relying

on a state-mandated distance which may not provide adequate protection for the well.

C.  1.  BARRIERS TO FLOW

Most OSWTDS are permitted for construction based on soil evaluation.  One

problem with this approach is that the soil properties may be altered through the

construction process.  Portland cement and lime were added during installation of test

trenches studied under loading rates of 7.5, 11.3, and 15.0 Lpm2/d and were found to

increase aeration in the soil as evidenced by decreased ammonium-N and increased

nitrate-N (Uebler, 1984).  The 7.5 Lpm2/d loading rate and the cement gave the best

results, helping to overcome a decrease in the absorptive capacity of soils during the

installation of a trench system.

Romero (1970) defines soil clogging as an increase in physical or resistance to

flow resulting from changed friction or velocity coefficients or in reduction in size and

volume of pore spaces, generally occurring within the first 15.2 cm of soil.  A soil crust

or clogging mat builds up over time at the point of effluent disposal in the soil.  The slime

layer forms as a result of polysaccharides generated from bacteria in the soil matrix and

suspended solids within the effluent.  Flow into the soil appears to be influenced by

pressure head of the applied effluent against the soil crust, the resistance of the crust, and

the moisture potential of the underlying soil (Tyler et al., 1977).

The clogging of the infiltrative surface reduces the soil pore volumes and thereby

the soil hydraulic conductivity (Kristiansen, 1981a).  The crust greatly slows the
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infiltration of applied effluent at the soil interface, mechanically and biologically

straining larger microbial organisms (Romero, 1970) and suspended solids and promoting

unsaturated flow conditions (Tyler et al., 1977).  De Vries (1972) described filter failure

as deterioration of the soil's physical condition due to pore clogging from heavy effluent

loads.  Monitoring soil columns packed with either fine or medium sands showed failure

to occur when sludge was deposited on the filter, sealing all surface pores.  The sludge

deposit did break up while drying out during a recovery period (de Vries, 1972).

Laboratory columns packed with 60-cm undisturbed soil cores and ponded for

approximately 120 days with various quality effluents allowed Daniel and Bouma (1974)

to study ponding, crusting, and clogging within a very slowly permeable Almena silt

loam (Aeric Glossaqualf).  The columns ponded with distilled water did not develop

clogging while those ponded with extended aeration effluent developed the most severe

barrier, more severe than the columns receiving simulated septic tank effluent.  The total

solid loads contained in the aerated and simulated effluent did not significantly differ

however, the extended aeration effluent had smaller particles.  These smaller solids most

likely increased pore clogging in those columns, causing a more severe barrier than the

solids contained in the simulated effluent (Daniel and Bouma, 1974).

Soil columns dosed by a cinderblock distribution system were studied to

determine means of decreasing soil clogging (Stewart et al., 1979).  This type of

distribution coupled with periodic dosing and elevation above a high groundwater table

suggested the possibility of minimizing soil clogging and enhancing wastewater

treatment efficiency.  The abrupt boundaries formed by placement of the block within the

column subsoil created saturated conditions and led to biological clogging within the

block pores, lessening the desired effectiveness of this method (Stewart et al., 1979).

Kristiansen (1981a) studied sand filter trenches to determine the relationship

between clogging and the soil physical and chemical environment.  Because the filters

were aerated from below, increased clogging intensity that led to reduced soil water
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content, also led to improved aeration in the filter.  Content of CH4, redox, O2 and CO2

measurements showed the least clogged unit, loaded at 4-6 cm/d and kept at an ambient

temperature, appeared in large part to be functioning under anaerobic conditions. The

most clogged unit, loaded at the same rate but heated, had only a thin anaerobic zone

beneath the sand surface.

C.  2.  BARRIERS TO RENOVATION

"Short circuiting" is a phrase used to describe movement of untreated or partially-

treated effluent from point of disposal via cracks, fissures, or other soil voids to the

ground or surface water (Tyler et al., 1977; Bouma, 1979).  Bouma (1979) noted that

often the OSWTDS appears to be functioning properly, as no noticeable effluent surfaces

over the disposal trenches, when in reality surface or groundwater is being contaminated

with untreated or partially treated wastewater.  This effect appears more pronounced in

systems receiving infrequent, large doses of effluent because larger air-filled voids will

conduct the wastewater more quickly than desired for effective treatment (Bouma, 1979).

Reduction of loading rate or application of effluent through a clogging mat (Tyler et al.,

1977) or crust can reduce the effect of "short-circuiting" (Bouma, 1979).

Rahe et al. (1978) demonstrated by use of antibiotic resistant bacterial strains that

macropores within soil horizons do offer an easy route for partial displacement of

effluent disposed in soils.  The initial recovery areas seemed to have been reached

through macropore flow, with secondary recoveries delivered by a much slower flow

through the micropores in the soils.

McCoy and Hagedorn (1980) injected antibiotic resistant Escherichia coli into

two different soil series found within a concave hillslope and found that as the organisms

came into the transition between the series, flows came together and mounded above a

heavy clay region.  It is thought that a heavy rain would encourage this flow containing

untreated or partially treated effluent to surface at some point on the slope.
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Application of effluent to soil introduces suspended solids to the natural soil

structure which over time can clog soil pores; detergents within wastewater also change

soil structure by dispersing peds (Wall and Webber, 1970).  Accumulation of organic

material and other products of anaerobic decomposition may reduce the absorptive

capacity of soil (Wilson et al., 1982).  These additives can over time influence the flow

characteristics of the soil and alter its ability to acceptably renovate effluent.

Anderson and Bouma (1977a) found that, with unlimited dosing of chloride

tracer, water broke through soil columns of same-textured, different-structured soils at

differing rates indicating that field estimates of flow rates may need to be further studied.

The subangular blocky structured soils had high dispersion values while the prismatic

soils yielded high, but significantly different values.

Suggested experimentation to reduce dispersion by formation of a surface

infiltration barrier and reduction of loading rate (Anderson and Bouma, 1977a) was

subsequently performed (Anderson and Bouma, 1977b).  A one cm/d daily dose was

effective in reducing the degree of dispersion in the subangular blocky structures,

however, the dispersion still remained quite prominent; the decreased dose sharply

reduced dispersion in the prismatic structures (Anderson and Bouma, 1977b).  The same

crust was applied for both structures and reduced dispersion in both however, it greatly

reduced the infiltration rate for the prismatic structures.

C.  3.  SYSTEM FAILURE

System failure is defined as surfacing effluent, wastewater backing up into

household plumbing, and/or "short circuiting" through soil voids or other channels to join

with ground or surface waters before adequate treatment occurs (Tyler et al., 1977;

Weymann et al., 1998).  One study site where the site was submerged and saturated, was

defined as a failing system (Walker et al., 1973b) since treatment of the wastewater was
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not occurring, rather, effluent pathogens were being introduced directly into the

groundwater (Bouma et al., 1972).

Septic systems trenches were installed in both uphill and downhill locations in an

Aquic Quartzipsamment and loaded with 1, 4, or 16 cm/d effluent (Cogger et al., 1988).

Results indicated that the uphill location with a 60-cm vertical separation to the

groundwater provided adequate microbial treatment, nitrification and denitrification

regardless of loading rate.  The downhill site with a 30-cm vertical separation was often

saturated, and yielded measurements that indicated inadequate wastewater treatment

much of the time.  Based on this study, adequate treatment of wastewater could not be

achieved if the current design standard of 4-6 cm/d for sandy soils was exceeded (Cogger

et al., 1988).

Hansel and Machmeier (1980) suggested lowering a high groundwater table

surrounding a potential drainfield site.  Placement of interceptor drains at least at a depth

of 0.9 m below trench bottom and at least 3 meters horizontally away from the field

allows background water to be moved away from the field and effluent to be biologically

and chemically renovated before entering the drains.  OSWTDS performance must be

evaluated based on treatment of the wastewater as it moves through the absorption area.

The quality of the renovated effluent must be high before it joins with surface and/or

groundwater that may be utilized for drinking water sources.

D.  REMOVAL OF FECAL COLIFORMS FROM WASTEWATER

Septic tank effluent contains many different types of microorganisms, some of

which are pathogenic to humans if ingested (Wall and Webber, 1970; Burge and Marsh,

1978).  The soil absorption field is utilized for treatment of the wastewater as well as

disposal of the wastewater.  If effluent dosed to the soil absorption field maintains contact

with the soil long enough to be adequately purified before joining with surface or
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groundwater (Anderson and Bouma, 1977b), the potential for human disease and illness

from ingestion of contaminated drinking water decreases.

Current drinking water monitoring focuses on the presence of fecal coliform

bacteria, a common effluent constituent (Peterson and Ward, 1989).  Public health

officials believe that the presence of fecal coliforms in water indicates probable

contamination of the source with other pathogenic enteric bacteria such as Escherichia,

Salmonella, Shigella, Vibrio, Yersinia, Pseudomonas and Staphylococcus (Peterson and

Ward, 1989).  Studying the behavior of indicator bacteria in the soil matrix allows for

safer design, construction, and use of OSWTDS.  Studies have also been performed to

improve detection methods for indicator bacteria recovered from aquatic environments

(Bissonnette et al., 1977).

D.  1.  BACTERIAL RETENTION IN THE SOIL MATRIX

Gerba, et al. (1975) found in a review of the literature seven factors that affect

enteric bacterial survival in soil:  moisture content, moisture holding capacity,

temperature, pH, sunlight, organic matter, and antagonism from soil microflora.  The

authors summarized that bacterial removal appears to occur at or near the soil surface by

straining, sedimentation, and adsorption (Gerba et al., 1975).

Romero (1970) noted that the bacterial removal process involves mechanical and

biological straining and/or death induced by environmental changes, or soil defense

mechanisms.  These mechanisms involve the destruction of harmful bacteria due to

abrupt temperature changes, an aerobic environment, the nitrification process, and

destruction by resident soil bacteria (Romero, 1970).

Studies using computer simulation have shown the potential for distance travel of

enteric bacteria through coarse-grained and nutrient-poor soils; bacteria, once thought to

travel no more than 120 cm in soil, can indeed in coarse-grained soils (those with few to

no fines) be transported farther than 120 cm (Peterson and Ward, 1989).  From these
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results, Peterson and Ward (1989) recommend against field percolation tests to justify the

use of a soil/site for wastewater disposal but rather the use of particle size, particle

distribution and organic matter content analyses.

D.  1.  a.  CONVENTIONAL OSWTDS STUDIES

Studies using fecal coliforms as indicators can serve to trace the potential

movement of harmful biological contaminants from wastewater that is applied to surface

or subsurface soils (Brown et al., 1979).  Brown et al. (1979) conducted a study of three

undisturbed soils with sand contents of 80, 41, and 7.6 percent to determine vertical and

lateral movement of fecal coliforms upon effluent application into drainfield trenches.

Sampling indicated that 120 cm below trench in any of the three soils would minimize

coliform movement into the water table.  When trenches were dissected, most cross-

sections had no coliforms found deeper than 35 cm.  Coliforms were detected at the

gravel/soil interface up to 19 d beyond effluent termination however most study data

showed a large decline in population as distance from trench increased (Brown et al.,

1979).

Reneau and Pettry (1975) experimented with three Virginia Coastal Plain soils

that had seasonally high water tables and/or restrictions (a plinthic horizon and

fragipans).  Most movement occurred along the top of the restriction.  Both total and

fecal coliform counts were low at the bottoms of the restrictions due to the slow

permeabilities of soil restrictions; both filtration and die-off were assumed to occur.

Reduced counts were seen laterally within 6.1 m above the plinthic horizon and within

13.5 m above the fragipans (Reneau and Pettry, 1975).

Reneau et al. (1975) evaluated surface and perched ground waters subjected to

run-off from failing septic systems placed in soils developed from both Virginia

Piedmont Plateau and Coastal Plain materials.  Fecal and total coliform densities of

greater than 2.4 x 107/100 mL were determined for samples taken from one site where
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effluent was surfacing from a tile line without passing through any soil.  Subsurface

samplings occurred in or adjacent to natural drainageways and for the most part yielded

decreasing counts with distance from the drainfields.  These data indicated the potential

for bacteriological contamination of waters to occur in a watershed where OSWTDS

were installed in unsuitable soils (Reneau et al., 1975).

Private properties served by conventional ODWTDS and tile-drained as a result

of past agricultural practices were monitored for coliform movement over a three-yr

period (Reneau, 1978).  The results indicated that coliform density in the groundwater

decreased as a logarithmic function of distance.  The agricultural drains seemed to

decrease fluctuating water tables enough to allow the wastewater to remain below the soil

surface and not percolate onto the ground surface (Reneau, 1978).

Fecal coliform movement within two conventional OSWTDS in poorly drained

coastal plain soils was greatly influenced by artificial drainage employed to lower the

existing high groundwater table (Stewart and Reneau, 1981).  The drainage practice set

up a water table gradient which allowed for a lateral flow of bacteria up to 10 m.  At the

second location where only shallow surface drains were utilized fecal counts were on

average 45 Most Probable Number (MPN)/100 mL in shallow drainfield wells and 10

MPN/100 mL in deep wells (Stewart and Reneau, 1981).

Wilson et al. (1982) installed tile lines at depths of 1.2 and 1.8 m with horizontal

separations of 3 and 6 m surrounding disposal fields to attempt to lower the water table

and allow for an aerobic environment to exist within the disposal field.  The 1.8 m depth

lowered the water table more, however, both depths were satisfactory and the horizontal

separations showed no differences in water quality.  It was concluded that a vertical mean

groundwater separation distance of 23 cm or more below trench bottom with a horizontal

setback of 3 m from tile drain gave acceptable drainage water quality (Wilson et al.,

1982).
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D.  1.  b.  ALTERNATIVE OSWTDS STUDIES

The rising pressure to build individual homes in areas with unsuitable soils and no

access to public sewerage and the ever-increasing need to repair failing conventional

OSWTDS have introduced the idea of alternative OSWTDS (Hansel and Machmeier,

1980).  Although these systems are more costly to install and maintain, they can be

designed to overcome various site and soil limitations and restrictions (Hansel and

Machmeier, 1980).  Evaluation research has been conducted on a number of these

different alternatives in various soils and under various site limitations to determine

overall performance with regard to environmental quality, such as fecal coliform

reduction and removal.

Fecal bacterial removal appeared greater in a pilot plant sand filter trench

operated at higher temperatures (12-15oC) with higher clogging intensities than in two

other trenches kept at ambient temperature (4-16oC) with less clogging (Kristiansen,

1981c).  Clogging decreased the soil pore sizes and allowed an unsaturated condition that

better distributed ponded effluent over the sand filter trench.

Cogger and Carlile (1984) performed comparison studies of several conventional

and alternative OSWTDS with regard to contaminant removal.  Fecal coliform analyses

indicated greater removal in systems seasonally rather than continually saturated.  Counts

did decrease from sampling wells placed 1.5 and 7.6 m from the systems in both

seasonally and continously saturated systems.  Coliforms were detected at 2.5 m below

the systems; total vertical distance was not concluded as wells were only placed to a

depth of 2.5 m (Cogger and Carlile, 1984).

Pressure-dosed experimental absorption fields were installed to maintain a 30 or

60 cm separation depth to groundwater (Cogger et al., 1988).  Coliform removal was

poor in the field with the 30 cm separation because it was often saturated and anaerobic

but the field with the 60 cm distance allowed near complete removal of effluent

coliforms.



22

Shallow-placed LPD systems placed in soils with seasonally fluctuating high

water tables were found to significantly decrease bacterial movement by utilizing a

uniform distribution of effluent and by maintaining an unsaturated zone in the more

biologically active upper soil horizons (Stewart and Reneau, 1988).  Few fecal coliforms

were detected at a depth of 1.5 m even during high water table periods.

Ijzerman et al. (1993) studied fate and transport of two antibiotic resistant E. coli

strains dosed under different loading rates into an LPD consisting of three independent

subsystems installed in a soil shallow to shale bedrock.  One loading rate approximating a

North Carolina design (Cogger et al., 1982) failed within six months of installation and

was not included in seasonal tracer studies.  The remaining two subsystems, actually

loaded at 4.1 and 7.7 Lpd/m2, retained bacterial tracers at >99.9 percent and >99 percent

over all samplings (Ijzerman et al., 1993).

Fecal coliform counts were reduced by 97.7 percent after passing septic tank

effluent through a sand filter (Peterson et al., 1994).  The average coliform counts from

soil-fill and coal mining spoil-fill columns dosed with sand filter and septic tank effluents

were 34.8 (99.8 percent reduction) and 568 cells/mL (97.9 percent reduction),

respectively.  Fecal coliforms in soil-fill column effluents increased linearly and

exponentially as application rates of sand filter and septic tank effluent, respectively,

increased to 21.6 Lpd/m2 (Peterson et al., 1994).

D.  2.  LABORATORY RECOVERY OF COLIFORMS

Porcelain cup soil water samplers were evaluated with regard to fecal coliform

recovery from cow manure slurry (Dazzo and Rothwell, 1974).  The cups showed a

number of problems including a count reduction of 100-10,000,000-fold fecal coliforms

from the external environment as well as adsorption to cups with the potential of release

during a later sampling event.  It was concluded that porcelain cup soil water samplers do

not yield valid water samples for fecal coliform analysis (Dazzo and Rothwell, 1974).
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Detection methods for coliform recovery were studied by immersing chambers of

pure E. coli and of raw sewage in a stream and drawing chamber samples at various

intervals (Bissonnette et al., 1977).  The MPN method yielded the greatest recovery as

opposed to plating and membrane filtration.  Samples were enriched on a non-selective

medium before membrane filtration; this appeared to give injured cells an opportunity to

recover and produce colonies on the selective medium used for detection.

Comparisons between two coliform detection tests, presence-absence (P-A) and

membrane-filter (MF), found both to be effective in recovery of coliforms from a non-

chlorinated water system serving a small Louisiana community (Bancroft et al., 1989).

Reducing the typical P-A test volume from 100 to 50 mL showed no significant

difference in coliform detection.

E.  REMOVAL OF FECAL VIRUSES FROM WASTEWATER

Effluent applied to soils through an OSWTDS potentially contains fecal viruses

along with a myriad of other pathogenic microorganisms such as bacteria, protozoa, and

helminths (Wall and Webber, 1970; Burge and Marsh, 1978).  The OSWTDS, if designed

properly and installed in suitable soils, will remove most, if not all, of these potentially

harmful effluent constituents before they can reach surface or groundwaters that may

serve as drinking water sources.

A common means of transport of pathogens is from direct contact with human

waste containing viruses.  Wastewater has been found to contain picornaviruses of the

enterovirus group (such as, poliovirus, Coxsackieviruses, and echoviruses), reoviruses,

adenoviruses, and hepatitis A virus (Duboise et al., 1979).  Any human wastewater

disposed of improperly or not receiving sufficient treatment or disinfection has the

potential to spread these viral pathogens within the exposed population.

Even low numbers of virus in the environment represent a hazard as only a few

viral particles can rapidly increase within the human body, thereby causing disease
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symptoms (Safferman, 1982).  Much research has been performed to evaluate the fate

and transport of viruses to determine effective guidelines for design and installation of

OSWTDS.

E.  1.  SAFE VIRAL INDICATORS

Study of human enteric viruses is difficult due to the infectious nature of these

viruses when they come in contact with a human host.  Research is therefore performed

on viral strains that mimic the enterics either in size or other suitable characteristics.

Another option is to choose a bacteriophage likely to be found in septage.  Popular

bacteriophages are coliphages that have specific strains of Escherichia coli as their hosts.

Drinking water samples collected from several different sources served in Cairo,

Egypt were tested for total and fecal coliforms and coliphages (El-Abagy et al., 1988).

Of 147 samples, 82 tested positive for coliphages, four of which were also positive for

total coliforms.  Since the basic water quality indicator is the coliform bacterium, many

supplies may test safely yet contain coliphages and/or other viruses present in quantities

high enough to cause illness (El-Abagy et al., 1988).  The infectious unit for most

enterics to cause disease is one virus particle.

Kott et al. (1974) investigated the suitability of a coliphage for use as an indicator

organism.  Specified criteria for an indicator of viral pollution were 1) definition as a true

virus, 2) easy and reliable isolation, and 3) cost-equivalence to a bacterial indicator.  It

was further thought that coliphages would be located in sources containing E. coli, and

therefore, would mark biologically polluted areas.  They found human enteric viruses and

coliphages to be simultaneously present and the determination of coliphage numbers was

easier and quicker than the enumeration of enteric viral numbers (Kott et al., 1974).

The use of a Type 2 bacteriophage of Aerobacter aerogenose 243 was further

used in a groundwater tracer study in Wales (Martin and Thomas, 1974).  The

bacteriophage was easily assayed with use of its bacterial host.  It was harmless to any
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human or animal that might ingest water containing the phage because the organism's

stomach acids would destroy the viral particles.  The phage did not adsorb to media that

usually adsorbed other viral tracers, and therefore, Type 2 was determined to be a good

tracer for studies of this type (Martin and Thomas, 1974).  However, Gerba et al. (1975)

urged caution on the use of bacteriophages to be used as indicators to study enteric virus

transport through soil as they perform quite differently from the enterics.

E.  2.  VALID VIRAL REFERENCE STRAINS

Landry et al. (1979) observed adsorption and elution of several strains of

polioviruses, coxsackie viruses, and echoviruses contained in treated sewage effluent

percolated through sandy soil cores which were later subjected to rinses of treated sewage

effluent or artificial rainwater.   It appeared that adsorption and elution behavior in soils

was dependent upon viral type and strain and that poliovirus, often used in viral studies

due to an avirulent nature and ease of handling, does not reflect the behavior of a number

of enteroviruses tested.  Landry et al. (1979) urged caution when using poliovirus results

as representative enterovirus behavior.

E.  3.  VIRAL TRANSPORT IN SOIL AND WATER

It was once believed that viral particles could remain infective for long periods of

time in the soil system with relatively little transport; research today shows a greater

possibility of transport occurring, thus presenting a greater threat of groundwater

contamination.  Although it has been summarized that viruses do not migrate more than

61 m from the source of contamination (Romero, 1970), enteric viruses have been found

to survive in an ice-covered river 330 km away from all sources of urban pollution

(Dahling and Safferman, 1979).

For viral contamination to occur, the viruses must remain infectious after a period

of association with soils (Yeager and O'Brien, 1979a).  Actual viral removal from the
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aqueous phase may not reflect true inactivation of the virus (Duboise et al., 1979).  True

inactivation may occur near the soil surface as decreased moisture (Lance et al., 1976),

increased temperatures (Yeager and O'Brien, 1979a) and exposure to ultraviolet light

(Martin and Thomas, 1974) act upon the viral particle.  In OSWTDS, effluent is applied

to trenches built below the soil surface, not to the soil surface where moisture and

temperature changes and exposure to ultraviolet light readily occur.

E.  3.  a.  ADSORPTION BY SOIL

Relatively thin layers of soil are capable of removing bacteria by straining and

filtration and viruses by adsorption (Bitton, 1975; Lance and Gerba, 1984).  Viruses are

electrically charged colloidal particles, generally in the 20-200 nm range, that may adsorb

to other surfaces outside the host cell (Bitton, 1975).  In the soil matrix the viral particle

is too small to be adequately filtered but it can be adsorbed (Gerba et al., 1975; Lance et

al., 1976).

Purification of effluent containing viruses and applied to soil is achieved by

adsorption of viruses to soil particles (Bitton, 1975).  Gerba et al. (1975) noted after a

review of the existing literature that flow rate, cations, clays, soluble organics, pH,

isoelectric point of virus, and the chemical composition of soil were factors that may

influence removal efficiency of viruses by soil.

Viruses are negatively charged at pH values near neutrality (Bitton, 1975).  Their

adsorption to soil is dependent upon soil characteristics such as pH, cation-exchange

capacity, organic matter content, and clay content (Bitton, 1975).  Bitton et al. (1984)

determined that 20.7 percent of echovirus associated with lagooned sludge solids whereas

95.2 percent of poliovirus were associated with these solids.  However, neither virus was

detected in leachate samples in a study of virus survival and transport in soil cores

amended with this sludge and exposed to natural conditions.  The sludge was thought to

offer more binding sites for viruses than sewage effluent would but it seems the
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association between sludge and virus may be dependent on viral type and sludge type

(Bitton et al., 1984).

Several chemical and lime-stabilized chemical sludges were developed to mimic

sludges that are currently disposed onto land.  These sludges were seeded with Poliovirus

1, dewatered, applied to sandy loam columns and later flushed with rainwater to study

viral transport (Pancorbo et al., 1988).  All viruses appeared to have been immobilized

within the sludge particles in the top portion of the soil columns as no virus was eluted

from the columns under saturated flow conditions.  Pancorbo et al. (1988) suggested

further experimentation of this kind using enteric viruses other than poliovirus.

The ionic composition and pH of the surrounding aqueous medium is also

important in the adsorption process (Bitton, 1975; Duboise et al., 1976).  These factors

affect the adsorption and release of virus particles as they interact with the amphoteric

nature of the external viral proteins (Duboise et al., 1976).

Lance and Gerba (1980) seeded secondary sewage effluent with poliovirus type 1

(LSc) and filtered it through a 250 cm column packed with calcareous sand to determine

factors that affect rate and depth of virus penetration in soil and patterns of virus

adsorption.  As concentrations of added virus increased, the percentage of adsorbed

viruses at various depths stayed fairly constant.

Lance and Gerba (1980) speculated that adsorption rate and soil depth penetration

of viruses might be influenced or caused by the possession of different charge strengths

on each virus.  Most viruses are adsorbed near the infiltrative surface; adsorption of all

seeded viruses occurred within the top five cm of the calcareous soil column with the

addition of 5 mM CaCl2, a solution of divalent cations (Lance and Gerba, 1980).

E.  3.  b.  INFLUENCE OF FLOW IN THE SOIL MATRIX ON VIRUS RETENTION

Effluent contains waste material contained in the aqueous phase of the septic tank.

Fecal viruses along with other hazardous constituents in the effluent are carried with this
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effluent when it is added to the soil absorption field.  The addition of the effluent to soil

water already present in the drainfield may set up varying flow gradients within the

profile which can affect removal of pathogens by the soil.

Brown et al. (1979) conducted a study of three undisturbed soils with sand

contents of 80, 41, and 7.6 percent to determine vertical and lateral movement of fecal

coliforms and coliphages upon effluent application into drainfield trenches.  A depth of

120 cm below trench bottom appeared to be sufficient to minimize both coliform and

coliphage movement from either of the three soils tested into the groundwater (Brown et

al., 1979).

E.  3.  b.  1.  FLOW RATES

Altering effluent loading rates to the soil absorption field may offer a level of

control in enhancing biological and chemical renovation and overall performance of

OSWTDS.  Increasing the flow rate of poliovirus seeded sewage water from 0.6 to 1.2

m/d resulted in increased virus movement from 160 cm to 240 cm, respectively, in a 250

cm calcareous sand packed column (Lance and Gerba, 1980).  Further increasing the flow

rate to 12.0 m/d slightly affected virus movement.  The column did, however, remove 99

percent of applied viruses at that flow rate.  Lance and Gerba (1980) speculated that flow

rate may be the single most important factor affecting virus penetration in a soil profile

and may be decreased to reduce virus penetration.

E.  3.  b.  2.  SATURATED VERSUS UNSATURATED FLOW

Unsaturated flow occurs mainly through the small micropores in the soil matrix.

Viruses carried in this type of flow are presumed to come into closer contact with soil

particles (Lance and Gerba, 1984).  Lance and Gerba (1984) experimented with

application of poliovirus seeded sewage water at different rates to a 250-cm column of

calcareous sand.  Viruses did not move below 40 cm when sewage water was applied at
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less than the maximum infiltration rate of the soil.  When the column was flooded with

sewage, virus penetration increased to 160 cm (Lance and Gerba, 1984).

This study showed that changing from saturated to unsaturated flow reduced virus

penetration, whereas, earlier research (Lance and Gerba, 1980) where flow velocity was

reduced in soils with infiltration rates below 1.2 m/d did not affect virus penetration

(Lance and Gerba, 1984).  By decreasing the flow rates through the system, with

controlled applications, addition of suspended solids, or compaction of soil virus

movement will decrease through large connected pores.  This in turn can decrease

amounts of unpurified water reaching shallow water tables through cracks in swelling

clays or gravelly soils (Lance and Gerba, 1984).

Poliovirus and echovirus applied with sludge to soil cores under natural

conditions and unsaturated flow were effectively retained (Bitton et al., 1984).  Lance

and Gerba (1984) concluded that since unsaturated flow helped to reduce poliovirus

penetration, unsaturated flow should similarly decrease the penetration of other viral

types into soil.  Pancorbo et al. (1988) found leachates from soil columns treated with

chemical sludges contained no viruses, despite sustained saturated flow conditions from

natural rainwater flushes.  They concluded that viruses were immobilized with the sludge

solids in the upper layers of the soil column and were not capable of moving with the

flow through macropores in the sandy loam soil.

E.  3.  c.  VARYING IONIC GRADIENTS WITHIN THE SOIL PROFILE

A soil absorption field is designed to handle a particular effluent load as well as

natural precipitation such as rainfall and snowmelt.  Precipitation differs from effluent in

chemical make-up that may affect horizontal and vertical movement within the soil

matrix of pathogenic effluent constituents.

Effluent application and rainfall in sandy forest soil cores were simulated,

resulting in varying ionic gradients (Duboise et al., 1976).  It was shown that poliovirus I
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(Chat) in wastewater may be transported considerable distances through a sandy forest

soil after a rainfall.  The virus was shown to survive at 4 and 20 C for nearly three

months, with its capacity to be transported unchanged.  Retention was better with effluent

than with deionized water, and with the use of intermittent rather than continuous

application (Duboise et al., 1976).

Lance et al. (1976) found that infiltrating 250-cm long columns of calcareous

sand with 15-55 cm/d of secondary sewage effluent containing 3 X 104 PFU/mL of

poliovirus type 1 did not permit virus transport through the columns.  Even flooding the

columns for 27 days did not saturate the top few centimeters of soil with virus, nor did it

permit viral transport.  However, flooding with deionized water did allow viral transport

further down the columns.  Drying the soil for one day greatly lessened desorption of

adsorbed particles, and five days of drying prevented desorption (Lance et al., 1976).

Lance et al. (1976) concluded that 250 cm of calcareous sand would adsorb about 99.99

percent of added virus, but that rainfall after effluent application would encourage viral

transport (Duboise et al., 1976).

Adsorptive interaction is the most important mechanism for retention of

enteroviruses in the soil matrix. Reduction in conductivity and ionic strength of the soil

solution has caused a greater increase in desorption and transport of some strains of

viruses through the soil system changes in pH (Lance et al., 1976; Landry et al., 1979).

E.  3.  d.  INFLUENCE OF THE SOIL ENVIRONMENT ON VIRUS RETENTION

The heterogenous nature of soils creates a diversity of microenvironments that

viral particles contact as they are transported through the profile (Duboise et al., 1979).

Many different soils have been used to compare viral retention.  The concern over

contamination of groundwater requires usage of a soil with high adsorptive capacity

however virus survival is most likely greater in those soils (Hurst et al., 1980).  In

enterovirus inactivation studies, a sandy loam soil adsorbed a greater number of viruses
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from all suspending media than did a sandy soil (Yeager and O'Brien, 1979a).

Adsorption of a virus to soil may act to prolong its survival time (Gerba et al., 1975).

Schaub and Sorber studied accumulation and migration of bacteriophage f2,

indigenous enteroviruses, and enteric bacteria in a rapid infiltration on land wastewater

application site, composed of unconsolidated silty sand and gravel.  The tracer f2 virus

moved with the dosed effluent; it was discovered in an 18.3 m deep well at 47 percent of

the application concentration at 72 h.  Both the f2 and the enteroviruses were found

laterally 183 m from the application site.  The indicator bacteria, although largely filtered

out by the soil surface mat, still could be detected in the groundwater along with the f2

phage and the viruses (Schaub and Sorber, 1977).  This field study verified laboratory

results regarding the potential for viral transport to occur in the environment, especially

in soils with little adsorptive capacity.

Pressure-dosed experimental absorption fields installed to provide separation

distances of either 30 or 60 cm to the groundwater table were studied by Cogger et al.

(1988).  Only the upper field with the 60 cm separation removed viral strains consistently

throughout the study period.  The lower field was often saturated and anaerobic,

providing inadequate microbial treatment.

Two host-specific coliphages were used to evaluate a shallow-placed LPD

consisting of three independent subsystems installed in a soil with a shallow depth to

shale bedrock (Ijzerman et al., 1993).  Retention was determined to be >99 percent in the

two subsystems that performed well hydraulically; the third subsystem was not included

in seasonal tracer studies as it failed early in the research period (Ijzerman et al., 1993).

E.  4.  FACTORS THAT INFLUENCE VIRUS SURVIVAL

Factors found to influence virus survival included, temperature, soil moisture

content, presence of aerobic microorganisms, degree of adsorption to soil, soil levels of

resin-extractable phosphorus, exchangeable aluminum, and soil pH (Hurst et al., 1980).
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Hurst, et al. (1980) found virus survival decreased with increasing temperature; presence

of aerobic microorganisms appeared to result in decreased virus survival; virus survival

correlated with viral adsorption to the soil and with soil saturation pH; and that neither

concentration of applied sewage nor moisture content was correlated with survival.  The

researchers stated that viruses reaching groundwater in an anaerobic environment might

have prolonged infectivity.  Persistence was also related to virus type, soil type, and

composition of virus-laden medium applied to the soil system (Yeager and O'Brien,

1979a).

Vegetable plots flooded or treated with poliovirus 1-laden raw waste, activated

sludge, or secondary effluent were studied to determine viral recovery counts and times

(Tierney et al., 1977).  Viruses were detected from soil samples at 96 days after flooding

in winter and 11 days after flooding in summer.  Viruses were also detected on ripe

vegetables 23 days after flooding (Tierney et al., 1977).

Ammonia in the uncharged state has been identified as a viricidal agent in

wastewater sludge, inactivating picornaviruses such as poliovirus (Ward and Ashley,

1977).  Greater viricidity occurred at pH values approaching 10.  However, ammonia was

not effective in inactivating a test virus from the reovirus family.  Pancorbo et al. (1988)

speculated that in a study on chemical sludge application to soil, dramatic reductions of

poliovirus in lime-flocculation experiments were due to viral inactivation resulting from a

pH of greater than 11.

E.  4.  a.  TEMPERATURE AND VIRUS SURVIVAL

Temperature plays a large part in virus survival (Yeager and O'Brien, 1979a,

1979b); warm, dry conditions have been shown to decrease viral survival rates (Bitton et

al., 1984).  Viruses persisted at 4oC for 180 days as compared to 12 days at 37oC (Yeager

and O'Brien, 1979a).
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E.  4.  b.  SOIL MOISTURE AND VIRUS SURVIVAL

Increasing the ionic strength of the soil water decreases the thickness of the

double-layer around the soil particles, allowing viruses to become more closely bound to

the soil (Bitton, 1975).  This adsorption is a major factor in virus transport, survival

(Bitton, 1975), and inactivation (Duboise et al., 1979).  All viruses will be adsorbed to

the soil if no free water remains; therefore, it is believed that drying the soil between

applications of lower ionic strength liquids will prevent desorption of previously

adsorbed virus particles (Lance et al., 1976).  Evaporation may be responsible for much

inactivation due to drying as in the case of coxsackievirus and poliovirus type 1 where

drying was demonstrated to be viricidal (Yeager and O'Brien, 1979a).

E.  5.  INACTIVATION OR IRREVERSIBLE BINDING IN THE MATRIX

Finding what best retards the viral particle in the soil system and reduces its

infectivity seems to be the greatest method of preventing groundwater contamination by

virus.  Adsorption of viruses to soil cannot be equated to their inactivation (Duboise et

al., 1976).  There is a need to differentiate between viral inactivation in soil and

irreversible binding in assessing the recovery of infectious viruses (Yeager and O'Brien,

1979a).

Yeager and O'Brien (1979a) used radiotracers to show that inactivation was

occurring rather than irreversible binding.  Virus inactivation experiments using tracer

poliovirus type 1 and coxsackievirus B1 were performed in a sandy soil and a sandy loam

soil (Yeager and O'Brien, 1979a).  Inactivation in these soils saturated with surface water,

groundwater, or septic tank liquor was directly proportional to temperature and related to

soil type and liquid amendment.  No infectivity was recovered from dried soil regardless

of temperature, soil type, or liquid amendment.

Low moisture levels appeared to also contribute to inactivation suggesting that

evaporation may be the primary cause of viral inactivation in drying soils (Yeager and
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O'Brien, 1979a).  Further studied showed major structural and conformational changes

including viral RNA and protein dissociation occurred in the viruses during drying in soil

(Yeager and O'Brien, 1979b).

Bitton et al. (1984) studied survival and transport of poliovirus 1 and echovirus 1

in undisturbed soil cores of sludge-treated soils evaluated under natural conditions in

north central Florida.  Retention and inactivation of both types of viruses was shown;

virus declines were most notable during the warm, dry fall season than during the warm,

wet summer.  Results suggest that virus survival in sludge-amended soils is affected by

desiccation and temperature (Bitton et al., 1984).

F.  REMOVAL OF NITROGEN FROM WASTEWATER

Septic tank effluent contains primarily ammonium nitrogen that under aerobic

conditions can be converted to nitrate, a mobile anion that has the potential to leach into

groundwater (Peavy and Groves, 1978; Chen and Harkin, 1998).  It is estimated that

septic tank effluent contains nitrogen as 80 percent ammonium-N and 20 percent organic-

N (Walker et al., 1973a).  The organic-N fraction most likely is suspended particulate

matter that is strained by the clogging mat or crust on the trench bottom (Walker et al.,

1973a).

Initial dosing of a soil with septic tank effluent tends to bind up all available

exchange sites with ammonium-N.  Once all sites are bound, the ammonium ion breaks

through, and if subjected to aerobic soil conditions, is rapidly converted to nitrate-N.

Nitrification is inhibited under the saturated cool winter months and increases when soils

become warmer and begin to dry out (Cogger and Carlile, 1984).  Brown et al. (1984)

found that during dry periods when the soil became aerated, soil solution measurements

indicated the transformation of ammonium-N to nitrate-N occurred 75 cm horizontally

away the septic line near the wetting front.
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Whelan and Barrow (1984) discovered the accumulation of organic nitrogen was

restricted to the 0.5 m slime layer which accumulated on the sandy base of soak wells and

leach drains.  The organic mat within drainfield trenches tended to act as a saturated zone

in which ammonium-N was not oxidized.  After effluent passed through this layer and

into an unsaturated aerobic zone, nitrification usually occurred within 0.5 m.  Whelan and

Barrow (1984) concluded that if the soil environment remains aerobic, high

concentrations of this converted nitrate-N could potentially move into groundwater.

F.  1.  POTENTIAL SURFACE AND GROUNDWATER CONTAMINATION

Preul and Schroepfer (1968) concluded from various laboratory benchtop and soil

column studies that the main factors controlling N movement were adsorption and

biological action (Preul and Schroepfer, 1968).  Under limited oxygen conditions,

adsorption occurred with only limited conversion of ammonium-N to nitrite- or nitrate-N;

under well-aerated conditions, a major portion of total nitrification occurred within 0.3 to

0.6 m of the influent surface.  Nitrate adsorption was found to be greater at pH 6 or less,

that is much lower than typical wastewater pH values which are usually 9 and 10 (Preul

and Schroepfer, 1968).

Columns packed with either fine or medium sands to study mechanisms of soil

clogging renovated approximately 25 percent of the effluent N (Preul and Schroepfer,

1968).  Nitrogen release from the fine sand columns was predominantly nitrate-N,

indicating that almost complete nitrification occurred.  The medium sand-filled column

released 1 mg/l organic-N, 20 mg/l ammonium-N, and 10 mg/l nitrate-N, indicating only

partial nitrification occurred (Preul and Schroepfer, 1968).

F.  1.  a.  SURFACE AND GROUNDWATER STUDIES

Quan et al. (1974) chose nitrate as a tracer or indicator of groundwater

contamination because of its ability to move easily through soil and water with little
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adsorption and concluded that, historically, the groundwater has been increasing in nitrate

contamination because of increasing populations in unsewered areas.  Groundwater

sampling data in areas served by septic fields indicated that nitrate-N concentrations

greatly exceeded the regulatory limit of 10 mg/L (Walker et al., 1973b).  Lowering the

nitrate concentration could occur by groundwater dilution although dilution would not be

an acceptable wastewater treatment option; instead nitrate concentrations need to be

lowered by denitrification during passage through the soil medium prior to entering the

groundwater (Walker et al., 1973b).

Groundwater samples from a sand plain underlain by a shallow groundwater table

and utilized to grow potatoes yielded 68 of 164 water samples from a two-year study with

nitrate-N concentrations exceeding 10 mg/L (Hill, 1982).  Although the source of the

nitrates was suspected to be fertilizer, this study indicated the high potential for nitrate

leaching to occur in some soils (Hill, 1982).

F.  1.  b.  CONVENTIONAL OSWTDS STUDIES

OSWTDS introduce nitrogenous components contained in effluent continuously

to the soil matrix they are installed in.  Monitoring the fate of N in the field can occur by

sampling working OSWTDS.  The forms of N detected through sampling act as unique

indicators of aeration status within and surrounding the system (Cogger and Carlile,

1984).

A study of five septic tank-seepage beds indicated the conditions for aerobic

respiration and nitrification existed beneath systems not saturated with groundwater

(Walker et al., 1973a).  Effluent ponded in each of the beds due to a crust, formed at the

gravel-soil interface, that slowed infiltration rates from 500 to 8 cm/d.  Nitrification

appeared to be the major ammonium-N reduction mechanism, occurring in the

unsaturated subsurface soil within 2 cm of the crust, while the organic-N was retained

within the crustal zone most likely by adsorption and straining.  One of the beds studied
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was submerged in the groundwater and soil ammonium-N concentrations from it

indicated ammonium-N adsorption by the soil occurred whereas a complete absence of

nitrate-N from those soil samples indicated a lack of nitrification beneath the seepage bed

(Walker et al., 1973a).

Studies of possible nutrient contamination of a recreational lake by use of a septic

tank-soakhole system serving a shore residence were carried out by looking at

underground thermal data (Gibbs, 1977b).  Effluent from the soakhole plumed toward the

lake with approximately 8 m travel distance through soil before reaching the shallow

groundwater feeding the lake.  Concentrations of ammonium-N and other chemical

components as discharged from the soakhole remained similar to concentrations of

samples taken from the intersection of effluent with the shallow groundwater (Gibbs,

1977a).

An Atlantic Coastal Plain sandy loam soil underlain from 100 to 195 cm by a

plinthic horizon provided significant decreases in ammonium-N concentration in soil

solutions above the plinthic horizon (Reneau, 1977).  Ammonium-N concentration

adjacent to the drainfield was approximately 23 ug/mL which decreased to 4.1 ug/mL at

12.0 m from the drainfield; in the plinthic horizon ammonium-N concentrations were

lower at all distances samples.  These decreases were attributed to adsorption and

nitrification.  Nitrite-N and nitrate-N concentrations did not significantly change with

distance above the plinthic horizon, but did begin to accumulate in the restrictive horizon

at 1.27 m from the drainfield.  Denitrification was unlikely to occur due to the absence of

a carbon source in the plinthic horizon even if anaerobic conditions were present

(Reneau, 1977).

In an older drainfield, located 1.2 m above the groundwater table, adequate

performance occurred during five months of testing with respect to all experimental

parameters except nitrate, which exceeded 10 mg/mL in the top 30 cm of the

groundwater in three of ten sampling wells (Peavy and Groves, 1978).  Testing centered
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on groundwater pollution below an operating drainfield and ammonium-N analyses were

somewhat limited but showed that virtually all ammonium was converted to nitrate by the

time groundwater was intersected and that the nitrate ion moved freely within the

groundwater, only diminishing due to dilution (Peavy and Groves, 1978).

Reneau (1979) studied changes in several chemical constituents from septic tank

effluent disposed in OSWTDS located near an agricultural tile drainage system in Typic

and Aeric Ochraquults.  Ammonium-N concentrations were highest adjacent to the

drainfield and decreased logarithmically with distance, with a maximum of 83 percent of

the observed decrease attributed to distance.  Monitoring nitrogen species through the

drainfields found the highest ammonium-N concentrations adjacent to the field while

nitrification was suspected to occur 1.5 to 5 m from the field yielding the greatest nitrate-

N concentrations at 5 m.  These results indicated that ammonium-N adsorbed to soil

particles and transformed to nitrate-N during oxygenated periods, and was denitrified

following immersion in seasonal water tables.  The nitrate-N recovered from the tile

drains appeared to be influenced by cultural practices taking place over or near the tile

drainage system instead of nearby OSWTDS (Reneau, 1979).

A two-year study monitoring ammonium- and nitrate-N concentrations from

simulated septic lines installed in sandy loam, sandy clay, and clay soils with different

loading rates indicated that total N losses ranged from 0.45 to 2.19 percent of the total N

in applied effluent (Brown et al., 1984).  Vertical movement of ammonium-N averaged

100 cm/yr in the sandy loam and 25 cm/yr in the sandy clay and clay soils.  The sandy

loam soil received the largest volume of effluent and had the lowest cation-exchange

capacity; accumulation of ammonium-N in the soil and leachate losses of both

ammonium- and nitrate-N were greatest in this soil.  It was also determined that

following two years of effluent application, N accumulation occurred below the septic

line; it would be expected for this N to be converted to easily-leachable nitrate if the field

were allowed to dry out (Brown et al., 1984).
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F.  1.  c.  ALTERNATIVE OSWTDS STUDIES

The conventional OSWTDS unfortunately does not function in all soils or on all

sites therefore the need exists for acceptable alternative systems.  The capability of an

alternative OSWTDS to remove N from applied effluent is among the criteria to

determine its acceptability for use in the field.

Mound-simulating columns dosed with 75 percent ammonium-N and 25 percent

organic-N effluent yielded a 32 percent reduction in total-N during passage through the

30 cm of anaerobic silt loam located under 60 cm of fill in uncrusted columns (Magdoff

et al., 1974b).  After crusting occurred, ammonium became the dominant form of N

within the column indicating anaerobic conditions; perforating column walls returned

conditions to those of the uncrusted, aerobic columns.

Concentrations of N at the 120-cm soil depth were studied to determine leaching

potential from well-drained forest sites that were spray-irrigated with chlorinated

secondary municipal effluent (Hook and Kardos, 1978).  A hardwood site on a sandy

loam soil usually yielded concentrations of nitrate-N that exceeded the current health

standard of 10 mg/L.  Changing effluent application rates had little effect in lowering

nitrate-N concentrations.  Nitrate-N concentrations sampled at 120 cm under a white

spruce site on a clay loam soil were below 10 mg/L and only when application rates were

increased did the nitrate-N concentrations exceed the health standard.  The concentration

of N at 120 cm was selected as a measure of N that escaped the root zone and could

potentially leach to the groundwater (Hook and Kardos, 1978).

Kristiansen (1981b) found pilot plant sand filters to be unfavorable in the removal

of nitrogen as ammonium-N was only temporarily adsorbed (bound in biomass and dead

organic material) while nitrification occurred in areas of the filter low in carbon sources

and would not support a high denitrifying population.

Cogger and Carlile (1984) studied fifteen conventional and alternative OSWTDS

serving residential and small commercial facilities that were installed in soils with high
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groundwater tables.  The LPD systems used in this study were installed in soils in which

conventional OSWTDS would have been continuously saturated.  The LPD systems

when compared to continuously saturated conventional systems within the study

improved the treatment of effluent N.  Pressure-dosed mound and soil replacement

systems did not did not offer any improvement in treatment over conventional systems

(Cogger and Carlile, 1984).

Amendments of cement and lime to pressure-dosed trenches increased soil

aeration and promoted nitrification (Uebler, 1984).  In the study the average ammonium-

N concentration was reduced by 85 percent from the original effluent and both

amendments gave similar ammonium-N results.  Nitrate-N levels were increased by 67

percent for the cement treatment and by 57 percent for the lime, as compared to the

control.  Decreases in nitrate-N concentration with depth were attributed to possible

dilution or denitrification.  Higher concentrations of nitrate-N were determined for the

amended trenches than for the unamended trenches (Uebler, 1984).

Pressure-dosed experimental absorption fields installed to provide 30 and 60 cm

separation distances to the groundwater table were evaluated by Cogger et al. (1988).

The field installed 30 cm above the groundwater was often saturated, with anaerobic

conditions, resulting in inconsistent nitrification.  The 60 cm separation allowed for rapid

and complete nitrification; nitrate-N concentrations in the groundwater beneath this

system were elevated however the concentrations decreased with depth and distance from

the trenches indicating denitrification was occurring in the soil and groundwater (Cogger

et al., 1988).

Approximately 90 percent of the nitrate-N could not be accounted for at 0 and 8.4

m from shallow-placed LPD systems installed in soils with seasonally high water tables

(Stewart and Reneau, 1988).  This reduction was attributed to denitrification.  Uniform

distribution of effluent and maintenance of an unsaturated zone in the upper soil horizons

seemed to yield the best situation for nitrification to occur followed by denitrification
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when the water table rose.  This study suggested that nitrate-N can be reduced in such a

way as to limit leaching into ground or surface waters with the use of LPD systems

(Stewart and Reneau, 1988).

Hagedorn and Reneau (1994) compared laboratory and field denitrification

occurring in soils from shallow-placed LPD systems installed in soils unsuitable for

conventional OSWTDS.  Both LPD systems consisted of several subsystems, each

subsystem loaded with a different amount of effluent.  Six of seven subsystems

performed well hydraulically.  In the Edom soil with low hydraulic conductivity, a source

of readily available energy was found to be rate-limiting for denitrification in 69 percent

of the samples over two depths and two seasonal periods.  An energy source was rate-

limiting in 50 percent of the samples taken from the Penn-Bucks soil with a shallow

depth to shale bedrock.  Low denitrification rates in the Edom soil were attributed to

aerobic conditions, sustained by actual loading rates less than design rates due to less

resident consumption than expected.  Higher denitrification rates were determined for the

Penn-Bucks soil and were attributed to prevalent anaerobic conditions, thought to be

caused by a zone of saturation above the shallow bedrock (Hagedorn and Reneau, 1994).

Subsurface water samples from 60 and 150 cm soil depths indicated nitrate-N

concentrations averaged <0.8 mg/L below two spray irrigation systems installed on soils

unsuitable for conventional OSWTDS (Monnett et al., 1996).  Ammonium-N levels in

subsurface water were <0.2 mg/L at site 1 that utilized an aerobic unit for secondary

treatment and <0.4 mg/L (with one exception of 1.3 mg/L) at site 2 that employed a sand

filter.  It was suspected that rapid nitrification and some adsorption decreased

ammonium-N levels at both sites (Monnett et al., 1996).

Chen and Harkin (1998) studied the movement and transformations of N under

two pressurized and one mound OSWTDS by dosing each with 15N-enriched ammonium

chloride and sodium bromide.  Approximately 75 percent of labeled N in the tracer was

reduced by treatment in the soil matrix and groundwater.  These results indicate that
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septic systems may not be the largest contributor of nitrate-N to the groundwater (Chen

and Harkin, 1998).

F.  2.  DENITRIFICATION

Bremner and Shaw (1958a) described denitrification as the microbial process

whereby nitrate is reduced to gaseous nitrogen compounds such as nitrous oxide and

nitrogen.  They pointed out that denitrification specifically leads to gaseous loss of

nitrogen; this term was used in the past to describe other processes that did not lead to

gaseous nitrogen production.  Payne (1973) defined denitrification as the sum of a series

of anaerobic respiratory processes performed by a limited number of bacteria to reduce

nitrate to elemental nitrogen.  Denitrification is of importance in the maintenance of

public health as it processes amounts of potentially harmful nitrogen compounds into

nitrogen gas, N2, an atmospheric constituent (Payne, 1973).

F.  2.  a.  CONDITIONS NEEDED TO PROMOTE DENITRIFICATION

Denitrification experiments on waterlogged soils containing a fixed level of added

nitrate yielded a maximum loss of nitrogen when the carbon:nitrogen ration was 2:1 or

3:1 (Bremner and Shaw, 1958a).  Given a sufficient carbon source, the percent of nitrate-

N lost remained the same regardless of nitrate application.  Soil sterilization experiments

demonstrated that the denitrification process is driven by viable microorganisms

(Bremner and Shaw, 1958a).

Bremner and Shaw (1958b) determined that denitrification rates were very slow at

pH values below 4.8 and tended to rise with increases in pH to become very rapid at pH

8.0 to 8.6.  Rates increased rapidly from 2oC to 25oC with an optimum temperature of

60oC; at less than 2oC and at 70oC and higher, no N loss was observed.  The critical

moisture level for denitrification to occur was found to be at least 60 percent of the water-

holding capacity of the soil.  The amount and type of organic matter present and
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restriction of oxygen within the soil also affected denitrification.  It was therefore

concluded that denitrification was most likely to occur in the autumn months during

heavy rainfall periods when the soil is at a fairly high temperature and contains

appreciable amounts of organic matter and nitrate-N (Bremner and Shaw, 1958b).

According to Myers and McGarity (1972) glucose seemed to be a very controlling

factor in denitrification with undisturbed B horizon soil cores amended with nitrate-N.

They found increased levels of nitrous oxide in cores amended with glucose.  When high

moisture and low oxygen levels were created to promote denitrification, but no glucose

added, only small amounts of denitrification occurred.

Denitrification rates in several soils of varying origins at variable temperatures

tended to confirm that the process is not discernible at 0oC, but increases as temperature

increases (Stanford et al., 1975a).  Stanford et al. (1975b) tested 30 soils of different

origin and chemical composition to determine the relationship between total soil carbon

and extractable glucose carbon to denitrification rates.  They found that extractable

glucose carbon was responsible for greater denitrification than the total soil carbon.  This,

the researchers felt, was easily explained as total carbon in soils is often highly resistant

to degradation and was not readily available for denitrification to occur (Stanford et al.,

1975b).

Stewart et al. (1979) studied a cinderblock distribution system in modified soil

columns with an upper unsaturated zone and a lower saturated zone.  In several of the

columns, a 9 percent organic matter topsoil-sand layer was kept saturated to determine

denitrification potential of the nitrate-N generated in the unsaturated layers above.

Nitrate-N was reduced within the saturated organic matter-sand by 93 percent at 42 days,

but only 22 percent at 95 days; apparently all available carbon usable as an energy source

to promote denitrification was greatly decreased (Stewart et al., 1979).

Firestone et al. (1980) attempted to identify factors that control the proportion of

N2O and N2 produced by denitrification.  Increasing concentrations of nitrate, nitrite, and
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molecular oxygen and soil acidity favored N2O over N2.  Under anoxic conditions, N2O

production, at first, is greater but then concentrations decrease as N2O is consumed and

N2 formed.  The researchers concluded that production of N2O relative to N2 during

denitrification in soils was strongly influenced by the physical environment and the

physiological characteristics of the microbial community present (Firestone et al., 1980).

Rolston et al. (1982) studied rates of denitrification in irrigation experiments by

measuring both gas accumulation in airtight covers over soil and by the N2O acetylene-

inhibitive method.  The researchers evaluated three different water application

frequencies and two carbon treatments, and concluded that small frequent irrigations

tended to increase denitrification.

In summary, loss of nitrogen from soil is increased by higher soil moisture levels

(anaerobiosis), slight alkalinity, moderate to elevated temperatures, low oxygen

concentrations, and availability of oxidizable organic compounds (Payne, 1973).

F.  2.  b.  DECLINES IN DENITRIFICATION

Stanford et al. (1975b) witnessed an abrupt decline in denitrification rate after 72

h in certain sandy soils and then speculated that the decline might reflect a deficiency of

nutrients to sustain the denitrifier population.  Rolston et al. (1982) noted concentrations

of nitrous oxide were smaller after an irrigation event, but increased as the water drained

down through the profile.  Myers and McGarity (1972) found that denitrification was

depressed by decreasing moisture and increasing the oxygen concentrations.

G.  SUMMARY

Extreme care should be exercised in the design and installation of an OSWTDS

on a chosen site.  Soil composition and characteristics must be evaluated thoroughly in

determining capability to dispose and treat effluent adequately.  Treatment means

adequate biological and chemical renovation must occur prior to the effluent merging
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with surface or groundwater that may be utilized for drinking water sources.  Many

factors influence the performance of an OSWTDS and all must be taken into account to

ensure a safe water supply, free of contamination that could cause outbreaks of disease

and illness.


