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by 
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(ABSTRACT) 

The development of southwest Virginia’s coal mining areas is severely hampered by a lack of 

building sites and waste disposal facilities. New technologies to reclaim mined lands have the ca- 

pacity to produce large level expanses of land suitable for building sites by using the minespoil to 

reshape the land contours. Because these areas are generally too remote for centralized sewer to 

be economically feasible, the problem of waste disposal remains. Also, the current Virginia De- 

partment of Health regulations forbid placement of on-site waste water treatment and dispsoal 

systems (OSWTDS) in any fill material, including minespoil. The objective of this research is to 

examine alternative OSWTDS technologies for their applicability to treating wastewater in fill ma- 

terials with respect to both removal of biological and chemical contaminants and hydraulic per- 

formance. In the fall of 1989, topsoil and minespoil materials were transported from southwest 

Virginia to Blacksburg, Virginia. The soil material was screened, air-dried, and packed into large 

plastic cylinders. Septic tank effluent and sand filter effluent was applied to the soil columns daily 

at three different loading rates for a period of 5 months. Wastewater samples were collected after 

passing through the soil columns and analyzed for several chemical parameters as well as fecal 

coliforms. Antibiotic-resistant Escherichia Coli and bacteriophage T-1 (virus) were introduced into 

the columns and analyzed in the filtrate. The soil material in the columns was also characterized 

for selected physical parameters. The results indicate that the concentration of total inorganic N 

was reduced 15 to 60% after the effluent was passed through the soil columns. However, the 

NO 3-N concentrations were still above the 10 mg/L drinking water standard indicating that 

housing density should be considered when fill material is used for OSWTDS. The quantity of P 

emerging from the columns was higher than anticipated in minespoil column effluent which is



probably related to the indigeneous P present in the minespoil. The P concentration in topsoil 

column effluent increased with influent application and this relationship could be described by 

quadratic functions. The numbers of fecal coliforms were reduced (93 to 99%) by passing effluent 

through the soil columns. The concentration of indicator organisms indicated a gradual decline in 

viable bacterial cells and viral particles over time, with the indicator virus assays being completely 

negative by day 11. The tracer organism study also indicates that the survival time of these 

organisms can be effectively controlled in topsoil by reducing the influent loading rates, and in 

minespoil by reducing the influent loading rates and using some type of pretreatment, such as a sand 

filter. This study indicates that OSWTDS can be placed in selected topsoil areas in reclaimed 

minelands. It further indicates that at least 60 cm of unsaturated topsoil should be available for 

wastewater renovation. Minespoils were also effective at renovating wastewater, but may require 

pretreatment before application, a lower loading rate, a deeper unsaturated zone, or perhaps a 

combination of these factors.
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Introduction 

Since post World War IJ, southwest Virginia’s coal mining region has had an economy and a 

quality of life that is below the state average in many respects. Analysts have suggested that the 

income variability observed in the coal counties is due to the nature of the coal industry, the lack 

of economic diversification in the region, and the low levels of reliance on investment income. This 

variability tends to lead to a higher incidence of poverty and lower educational achievement in 

schools (50). 

The Powell River Project has, from the beginning, held the view that coal is a finite resource. In 

the short-term, southwest Virginia faces high unemployment due to fluctuating and declining de- 

mand for coal, its primary product. In the long-run, however, the area faces a more ominous threat 

of the gradual depletion of coal resources and the loss of its economic base. Therefore, the eco- 

nomic strength found in the coal seams must be used now to invest in a more flexible economic 

base for the southwest Virginia of the future (50). 

The Surface Mining Control and Reclamation Act of 1977 (SMCRA) was an initial attempt to 

address some of the environmental problems facing regions where surface mining is taking place. 

The SMCRA put severe restrictions on spoil handling procedures used by coal surface mining op- 

erations and has produced substantial improvements in overall reclamation practices. Current 
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regulations require surface mined land to be replaced to the Approximate Orginal Contour (AOC). 

Potentially unstable backfills are an unintended and undesirable result of SMCRA‘’s AOC pro- 

visions. Therefore, variances have been proposed to leave more land level thereby making it more 

suitable for other land uses. Flat lands with improved use potentials can provide numerous benefits 

to the residents of central Appalachia. Creation of flat land after mining, permitted with variances 

from SMCRA’s AOC requirements, will benefit Appalachian residents if these areas can be devel- 

oped to residential, commercial, and industrial land uses (94). 

The development of southwest Virginia’s coal mining areas is severely limited by a lack of building 

sites and waste disposal facilities. Much of the land area in the coal mining region of southwest 

Virginia consists of steep slopes with shallow soils. The shallow souls effectively limit the volume 

of soil available for waste disposal purposes, and the steep slopes increase the possibility of seepage 

and surface ponding of effluent (89). New technologies to reclaim mined lands have the capacity 

to produce large level expanses of land suitable for building sites by using the minespoil to reshape 

the land contours. The problem of waste disposal remains, however. These areas are generally too 

remote for centralized sewer to be economically feasible. The suitability of wastewater disposal 

systems in fill materials is uncertain because of the dramatic effects that surface mining activities 

have on soil physical properties (69). The variability, large percentage of coarse fragments, and 

unconsolidated nature inherent to fill material could potentially lead to inadequate purification of 

wastewater and eventual groundwater contamination. Therefore, current Virginia Department of 

Health regulations forbid placement of OSWTDS in any fill material, including minespoil (19). 

The objective of this research is to examine alternative OSWTDS technologies for their applicability 

to treating wastewater in fill materials with respect to both removal and renovation of biological 

and chemical contaminants and hydraulic performance. 
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Literature Review 

On-Site Wastewater Treatment and Disposal Systems 

On-site wastewater treatment and disposal systems depend on the soil as well as system con- 

struction and management to properly dispose of household wastewater in a sanitary and aesthet- 

ically pleasing manner. Successful functioning of an OSWTDS can only be achieved if the soil 

surrounding the absorption system absorbs the added effluent and adequately purifies it by proc- 

esses of filtration, absorption, and oxidation that occur as effluent moves through the soil pores (6). 

Slower movement of effluent through smaller pores, as occurs during unsaturated flows, is more 

favorable for achieving filtration and absorption because of the increased contact time between the 

effluent and the soil (6). Unsaturated soil also contains air in the larger pores which promotes 

oxidative processes (6). Epstein (30) reported that the mechanical properties of a soil are also re- 

lated to soil physical processes. Epstein noted that these processes chiefly depend on texture or size 

distribution of particles, structure or the arrangement of particles, amount and type of organic 

matter, amounts and kinds of exchangeable ions, and mineralogical properties, particularly the kind 

and amount of clay. Several categories have been listed by Wall and Webber (89) for classifying 

soil suitability for OSWTDS. These are depth to bedrock, depth to water table, slope and seepage, 

stoniness and trees, natural soil drainage, soil texture, and soil structure. All of these categories are 
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essential to consider to insure the adequate filtration and absorption of septic tank effluent (STE) 

(89). 

Conventional OSWTDS: Conventional OSWTDS consist of three major parts: the septic tank, 

distribution box, and soil absorption field. This system normally relies on gravity 1) to carry 

household waste to the septic tank, 2) to move effluent from the septic tank to the distribution box, 

and 3) to distribute effluent from the distribution box throughout the subsurface soil absorption 

system (73). The septic tank is used to remove settlable and floatable solids and to store the sludges 

and scums (85). Because of sedimentation, filtration, or biodegradation, 40% of the sludge volume, 

60% of the BOD and 70% of the soluble solids are removed as waste by passing through the septic 

tank (85). 

Decreased Infiltration: Failure of OSWTDS are not uncommon and may result in a health or en- 

vironmental hazard or a public nuisance (85). Failure can occur not only when the effluent is 

passed too quickly through coarse material or planar voids but also if the effluent is not passed 

through the soil quickly enough as a result of soil clogging or overloading of effluent. Magdoff and 

Bouma (52) stated that successful operation of the system requires the maintenance of an adequate 

infiltration rate into the soil. Inability of the soil to accept the STE results in the ponding of par- 

tially treated effluent on the soil surface or “backing-up” into the house (85). Rapid transport 

through large cracks in the underlying materials such as creviced bedrock, or for short distances to 

shallow groundwater due to poor siting also constitutes failure as a result of increased potential for 

contamination of ground and surface waters (85). Bauman and Schafer (2) reported that septic 

systems are both the most frequently reported source of groundwater contamination in the United 

States, and the single largest source (by volume) of wastewater discharged to groundwater. They 

also reported that while any one septic system is relatively innocuous, their cumulative impact may 

be substantial and that aquifers have a limited capacity to dilute a continuously increasing amount 

of wastewater nitrate (NO}) 

Literature Review 4



Soil clogging has been referred to by Siegrist (72) as a phenomenon which occurs as a result of 

wastewater infiltration and which can significantly affect hydraulic and purification performance and 

is often associated with conventional OSWTDS. He observed that while some degree of soil clog- 

ging can enhance wastewater treatment through physical/chemical and biochemical processes, se- 

vere clogging can lead to hydraulic dysfunction and diminished wastewater treatment. He also 

reported that the hydraulic load and effluent quality had a direct effect on soil clogging. Otis (61) 

reported similar findings in regard to soil clogging. He observed that excessive clogging can reduce 

the infiltration rate to a point where hydraulic failure of the system occurs while too little clogging 

can reduce the treatment efficiency of the system by allowing the liquid to percolate through the 

larger soil pores. Soil clogging is not the only potential problem of conventional OSWTDS. Ver 

Hey and Woessner (88) conducted a study to determine the effectiveness of conventional OSWTDS 

installed according to local health codes which were underlain by sand and gravel. They concluded 

that traditional OSWTDS are ineffective in treating domestic waste in coarse alluvial sands due to 

poor distribution and subsequent concentration of effluent at the front end of the line. 

In order to overcome the problem of soil clogging, Bouma et al. (8) investigated the significance 

of dosing to increase the time during which subsurface seepage beds can accept liquid wastes and 

observed that dosing is an important factor in the reduction of soil clogging. Converse et al. (20) 

and Mitchell (57) concluded that uniform distribution of effluent in soil absorption systems pro- 

vides better purification of effluent and tends to reduce clogging in some soils. Bouma (7) con- 

cluded that infiltration and purification of effluent can be greatly improved in many soils by 

applying the effluent intermittently once a day, rather than as a continuous trickle as in the con- 

ventional system. Additionally, an even distribution over the entire seepage bed will avoid local 

overloading which may result in relatively high flow rates and therefore poor purification (7). 

Low Pressure Distribution Systems: Low pressure distribution (LPD) systems were designed to 

provide a more uniform distribution of effluent in soil absorption systems under low pressures (83). 
! 

This is achieved by pumping STE through a network of small-diameter perforated plastic pipe. 
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Effluent from the septic tank is collected in a pump chamber and a pump is used to force liquid 

through the perforated pipe in controlled doses so that liquid is distributed evenly throughout the 

system. Simon and Reneau (73) conducted a study on LPD systems for the disposal of STE in 

marginally suited limestone- derived soil for on-site wastewater disposal and came to the conclusion 

that these soils can transmit designed hydraulic loads if the effluent is adequately distnbuted. 

Hargett (37) reported several sites on which LPD systems have been successful including soils with 

seasonally shallow or perched groundwater, soils with hydraulically restrictive horizons at shallow 

depths, sandy soils with rapid permeability, and sites with steep slopes. Converse and Otis (22) 

reported that pressure networks for distribution of STE in subsurface soil absorption systems were 

first developed to improve the performance of mound systems. However, since their introduction, 

LPD systems have been adopted by a number of states to overcome problems with rapidly per- 

meable soils, shallow water tables, bedrock or other restrictive horizons, steep slopes and large flows 

(22). 

The advantages of the LPD system are that effluent is applied uniformly to the soil and effluent can 

be placed in the most suitable soil horizon for biological and chemical treatment (64). Low pressure 

distribution systems can readily be installed in the top 30 cm of soil (37). This shallow placement 

permits the effluent to enter the best aerated, most permeable, and most biologically active soil 

horizons, and provides maximum separation from restrictive soil conditions (37). In addition to 

LPD systems being installed in the soil, they are also used in elevated mound systems (32,17). In 

the mound system, effluent is pressure dosed into a carefully constructed mound of fill and is 

therefore pretreated before it infiltrates the natural soil (17). 

The LPD system is designed to produce an even distribution of the effluent, maintain maximum 

separation of the distribution lines above water tables or other soil restrictive features, and control 

dosing of effluent throughout the soil absorption area for optimum dosing and resting cycles (15). 

This will allow for a higher level of denitrification as compared with conventional OSWTDS. The 

LPD system minimizes traditional problems associated with conventional systems because with 

pressure distribution no portion of the system is overloaded, optimum dosing and resting cycles 
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minimize saturated flow through the soil, and shallow placement increases the travel path from the 

point of injection to the water table (15). At this trme, however, shallow placed LPD systems are 

not permitted in Virginia. 

The use of these LPD systems has provided very satisfactory results in many areas of the U.S., in- 

cluding Virginia (73,82,83), North Carolina (24), Wisconsin (32), Missouri (33), and Indiana, (92). 

The Virginia studies (73,82,83) indicate that LPD systems and shallow placement can be used to 

achieve more uniform distribution and maintain an unsaturated zone in the more biologically active 

upper soil horizons, thereby reducing movement of bacteria and P. The LPD system has been 

quite successful in dealing with adverse soil conditions where the conventional system has often 

failed (31). 

Chemical Contaminants 

Effluent applied to the land undergoes a variety of physical, chemical, and biological reactions (38). 

Some contaminants become fixed in the soil, others are held on the exchange complex where plants 

can utilize them, while others may leach to ground and surface waters (38). On-site wastewater 

treatment and disposal systems are partially evaluated on how effective they are in removing 

chemical contaminants from effluent as it percolates through the soil system. The nutrients N and 

P are of primary concern to OSWTDS (85,64). Excessive amounts of NO3-N may be toxic, and 

both NQ;3-N and P have been shown to encourage eutrophication of surface waters, although P 

does not appear to pose a hazard to human health (85,47). 

Nitrogen: The N contained in STE is primarily in the ammonium (NH,-N) form (89). When this 

ammonified effluent reaches an aerobic soil environment, it is subjected to nitrification which con- 

verts the NH, to soluble NO; with limited nitrite remaining in the soil under adequate operating 

conditions (89). Nitrates are very mobile and tend to move readily into the groundwater. Some 
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studies have indicated that coarser-textured, strongly-aggregated soils favor nitrification while fine- 

textured, poorly-aggregated soils or the development of anaerobic conditions limit nitrification (64). 

Brown et al. (14) suggested the best way to deal with NO; leachate is either by limiting the number 

of OSWTDS per unit area, removing the N from the effluent before it is applied or possibly using 

vegetation to help remove it after application. 

Phosphorus: Phosphorus, on the other hand, has been shown to move downward into the 

groundwater only in very minute amounts (89). A well-drained soil has the capacity to fix and 

immobilize large quantities of P from sewage effluents. Magdoff and Keeney (53) reported P re- 

tention was initially a result of adsorption and in the later stages probably a result of precipitation 

of calctum phosphate. Reneau et al. (64) reported that P added to soils by OSWTDS is removed 

by adsorption, precipitation, plant uptake, and biological immobilization. They also reported that 

precipation depends on pH, concentrations of P, Fe, Al, and Ca, competing anions, and reaction 

time. Slightly soluble P compounds with Fe and Al form in acid soils, while in calcareous soils 

compounds containing Ca and P form (64). Also, soil has the potential to regenerate P adsorption 

sites with time (64). Most field studies have indicated that P contamination is limited to shallow 

groundwaters adjacent to OSWTDS and that P sorption continues at reduced rates, under saturated 

conditions (64). 

Additional Chemical Contaminants: Hill (38) investigated a number of chemical contaminants in 

addition to N and P. He concluded that removal of contaminants in STE by soil filtration is sat- 

isfactory for several chemical species utilizing some selected Connecticut soils. All of the acid soils 

he investigated removed P, K, Ca, amd Mg from effluents by fixation or cation exchange and re- 

duced concentrations below those found in groundwater. Of the soils investigated, he noted that 

very little NO3, Cl, SOs, and Na were removed as wastewater percolated through the soil profile. 

This is expected because of the limited potential for adsorption or precipitation of these ions under 

these conditions. 
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Biological Contaminants 

Septic tank effluents and other domestic wastewaters contain microbial organisms that are often 

carriers of disease. The four main groups of organisms, listed in order of increasing size are: enteric 

viruses, bacteria, protozoans, and helminths. Size has an important influence on the fate of disease 

agents in septic systems. Not only do the larger organisms tend to settle out in septic tanks, but 

they are also more readily entrapped or retained by many soils as wastewater percolates through the 

soil (74). 

Sobsey (74) summarized some of the diseases caused by microbial agents in domestic wastewaters. 

Enteric viruses cause such diseases as meningitis and hepatitis, while bacteria may cause typhoid 

fever and gastroenteritis, to name a few. Protozoans can cause amoebic dysentery and giardiasis, 

and helminths (worms) are known to cause a number of chronic diseases, such as chronic anemia 

and chronic gastroenteritis. Ziebel et al. (93) state that man is subject to a number of enteric dis- 

eases during which time pathogens are shed in the feces in tremendous numbers. And, although 

most patients cease to shed after recovery, some continue as carriers, even though apparently well. 

They also went on to discuss some of the common pathogens found in sewage. These include 

Salmonellae, which can cause food poisoning and typhoid fever; Psewdomonas aeuroginosa, a 

common cause of severe ear infections and some enteric disorders of infants; and Staphylococcus 

aureus, which can cause food poisoning, skin lesions, and wound infections. 

Viruses and bacteria are probably the more important microbial disease agents associated with 

OSWTDS because their smaller size makes them less likely to be removed than protozoans and 

helminths (74). Fecal coliform counts are thought to be reduced by dilution, soil filtration, 

sedimentation, adsorption, and dieoff as the bacteria move through the natural soil system 

(82,64,85,74). The presence of actinomycetes in the soil has also been shown to reduce bacterial 

survival times, probably due to the release of antibodies (64). Peterson and Ward (63) reported that 

the percentage of fines (silt- and clay-sized particles) are a major factor leading to bacterial retention, 
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whether by straining (clogging) or adsorption, and that transport of most pathogenic organisms 

could be limited by a soil profile of sufficient depth with adequate amounts of clay, silts, fine sands, 

and organic matter. Macropore flow through sandy or strongly structured soils that are saturated 

may result in greater travel distances by pathogenic organisms (64). Adsorption to soil particles is 

enhanced with bacteria and viruses due to the charged nature of these organisms (85). Because of 

the small size of virus organisms, some consider viral adsorption to soil constituents to be the pri- 

mary mechanism of immobilization (64,74,36). Although adsorption tends to be the most impor- 

tant mechanism for enterovirus rentention, biochemical degradation should not be discounted as 

an important means to remove viruses from wastewater, and to inactivate the virus (36). Virus 

adsorption depends on pH, flow rate, the presence of cations, soluble organics and clay as well as 

the soil composition (90). Virus adsorption is greater with a low pH, high cation exchange capacity, 

and in soils with a high surface area, such as clay (74). Lower levels of virus adsorption occurs with 

an increase in flow rate and soluble organics, since soluble organics interfere with virus adsorption 

(74). Because effluent moves through coarser, gravelly soils more rapidly than finer clayey soils, 

virus adsorption is decreased in the coarser soils (74). This phenomenon of adsorption may be 

followed by desorption if these variables are altered (90). 

Bacteria and viruses in the effluent are removed quickly by inhospitable conditions in the soil (62). 

High temperatures, moisture content, and a near neutral or alkaline pH tend to increase virus sur- 

vival tume, whereas increased microbial activity tends to decrease virus survival time, possibly re- 

lated to chemical activity by enzymes of soil microbes (74). Green and Cliver (35) reported that 

at low temperatures, sand is less retentive of pathogens and the virus is inactivated more slowly, if 

at all. They also reported that the retentiveness of sand fill material decreases rapidly after a few 

weeks of operation, and that if saturated conditions exist, a significant proportion of the virus will 

not adsorb to the sand. 

Saturated soil conditions tend to enhance pathogen travel distance from OSWTDS (64,82,35,20). 

These conditions can sometimes be overcome by the use of mounds or other alternative OSWTDS 

(82). Computer simulation studies have shown that enteric coliform bacteria have the potential to 
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travel great distances in nutrient-poor, coarse-grained soils. Peterson and Ward (63) noted that in 

coarse-grained soils fecal coliform bacteria will be eventually transported beyond the often accepted 

1.2 m of suitable soil depth, which caused them to recommend that existing regulations be modified 

to account for bacterial transport in coarse-grained soils. 

Tyler et al. (85) discussed the difficulty of detecting bacteria and viruses in soil and waste disposal 

systems. Because of this difficulty, indicator and tracer organisms are often used, with the thought 

that where the indicators are found the pathogens of public health significance may also be found. 

Fecal streptococci and fecal coliform bacteria are used as indicators of fecal pollution because they 

are 1) present in high numbers in feces of man and warm-blooded animals, 2) able to survive out- 

side the body, 3) detectable quantitatively and 4) found in high numbers relative to pathogens. 

Reneau et al. (64) also discussed the need for improved detection methods. 

Fill Material 

Mine spoil derived from surface mining often consists of blasted rock, pebbles, and cobbles which 

are embedded in a matrix of finer rock fragments and soil sized materials. The chemical and 

physical composition of these materials is usually highly variable. Between 60 - 80% of the spoil 

is greater than 2 mm in size. Topsoil derived from these surface mined areas ususally contain a 

mixture of the material above bedrock, including blasted rock (40). 

Howard (40) characterized the geology of the area where the minespoil for this study was obtained 

as consisting of a heterogeneous group of strata characterized by abrupt lithologic and geochemical 

facies changes involving calcareous and ferruginous sandstones and siltstones, shales, mudstones, 

conglomerates and coals. 

Howard (40) also reported on the source of P in minespoils of the Wise Formation. He concluded 

that the bulk of the P in the rocks (and therefore the minespoil) was associated with a phosphate 
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or carbonate mineral, and most likely associated with calcite and particularly dolomite. He also 

stated that P may leach from fresh minespoil, but eventually reacts with oxides to precipitate as 

insoluble Fe and Al phosphates. 

The practice of wastewater disposal on filled sites has often been regulated or prohibited because 

it was felt that adequate soil evaluations could not be performed due to the variability in soil tex- 

ture, density, and the lack of soil structure, which could all affect permeability (23). Groundwater 

pollution is a potential problem when wastewater is applied to mine spoil since spoils tend to be 

unconsolidated, very porous, and chemically quite variable, as well as having a low percentage of 

soil-size particles (diameter less than 2 mm) (54). Excessive rock fragments can also pose a problem 

in using fill material as a medium for wastewater treatment. Converse et al. (21) reported that 

rockiness may present problems for siting of mound systems as effluent renovation is probably 

minimal in these areas, and therefore greater detailed examination of these sites must occur before 

installation of OSWTDS. Rock fragments may be considered as a dilutant in the soil medium as 

there is essentially no flow of effluent through the fragments, and, very little renovation of 

wastewater occurs as it moves between the soil fragments (39). A high percentage of rock fragments 

in the soil may substantially decrease the renovating ability of that soil and could lead to short cir- 

cuiting of inadequately treated sewage effluent to the water table (21). Converse et al. (21) reported 

that the amount of rock fragments which are considered to limit the use of a site for a mound sys- 

tern is approximately 50 - 70% by volume. 

Fill or mound systems which are used to dispose of domestic wastewater are recommended where 

natural soils have limiting features including water table, bedrock, hardpans and claypans which do 

not allow adequate soil depth below the trench bottom to fulfill requirements of a conventional 

OSWTDS (25,39,21). Engle and Hermanson (25) examined fill/mound systems to determine the 

relation, if any, between system failure and quality of fill and installation procedures. They reported 

that soils considered good for filter beds are generally coarse-textured, single grained, contain little 

organic matter, and have structural units that are weak and easily crushed. Engle and Hermanson 

(25) also reported that properties of soil fills which determine how they will settle and compact in 
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a filter bed are soil moisture content, organic matter content, soil structure (size and and strength 

of structural units of sand, silt, and clay particles), particle size distribution (percentages of the 

various sand, silt, and clay particles), and particle shape and roughness. Effects of moisture on 

compaction can be controlled by being certain the fill material at the time of placement is dry 

enough to minimize compaction (25). The other properties are inherent in the soil and must be 

considered in selecting the source of fill (25). A fill with low organic matter, poor structure, and a 

high percentage of clay will tend to compact more readily than soils high in organic matter with 

well developed structure and low clay content (25). Compaction is a major concern when working 

with soil material as sources of fill due to the increased bulk density which may lead to inadequate 

adsorption and purification of the effluent (25). 

There appears to be some variety as to the fill material used within mounds. Hoover et al. (39) 

reported that the state of Pennsylvania required by law that sandy fill materials contain 5 - 15% 

clay. Converse et al. (21) reported that the standard fill material in Wisconsin is a medium textured 

sand, and that work had been done in West Virginia to evaluate bottom ash as a fill material. 

Converse et al. (21) also reported that sandy loams, soil mixtures, strip mine spoil and slags have 

been used and tested as a source of fill for mounds. However, these results have not been published. 

Willman et al. (91) investigated the effect of clay content and sand mineralogy on STE renovation 

within mounds. They concluded that sand type influences the renovation of wastewater and is 

more important than the amount of clay. 

A number of fill materials have also been tested for use in wastewater renovation. Rock et al. (68) 

investigated the use of Sphagnum peat to receive STE. They observed that although coliforms were 

satisfactorily removed, N and P compounds were not renovated to desired levels. Brandes et al. 

(10) examined three fill materials: limestone, a sand/limestone mixture, and a sand/red mud mix- 

ture. The red mud is a byproduct of aluminum extraction from bauxite and is available in great 

quantity at aluminum mills (10). It contains compounds of Al (22 - 37%), Fe (24 - 26%), Ca (2 

- 4%), Na and silictum (10). They concluded that of these three, red mud, when used in a mixture 

with medium sand in proper proportions, appeared to be the most effective at removing P, BOD, 
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suspended solids, and fecal coliforms from domestic sewage. Although they found limestone to be 

effective when used in a filter bed, the time of the chemical activity of the limestone was relatively 

short. Brooks et al. (12) evaluated the effects of iron-ore overburden material on the renovation 

of secondary sewage effluent. Weekly application of effluent, ususally over a 24 to 72 h period, 

was applied at a rate of 6 cm/wk in eight applications over a nine-week period. The results were 

that 98, 89, and 99% of NO} plus NO,-N, total Kjeldahl-N, and total P were renovated. A USEPA 

study (87) investigated OSWTDS in fill material composed of sand, silt, and shell which had been 

dredged from coastal canals. The results of their study indicated that leachates were transmitted 

rapidly to the canal waters. The effects of these rapid transmissions were evident in high nutrient 

levels in ground and canal waters and violations of bacteriological standards in canal waters. The 

type of OSWTDS and design was not mentioned in the study, but it is assumed that these were 

conventional gravity flow systems. 

Limited research has also been conducted on the use of coal minespoil for renovation of 

wastewater. Converse et al. (21) reported that the state of Pennsylvania currently permits mound 

systems on fill material provided that the fill material has had at least four years to settle and the 

site meets specified morphological criteria. However, there have been no published results regarding 

placement of OSWTDS in minespoil. This same study also mentioned that disturbed sites such 

as minespoils, landfills, slag, and bottom or fly ash piles pose special problems and should be 

evaluated closely to determine whether or not effluent will move through these materials and what 

type of purification occurs within these materials. Hunt (41) irrigated spoil material with treated 

municipal sewage effluent and sludge. He concluded that the spoil was 98 per cent effective at re- 

moving PO,-P in the effluent, although when combined with sludge applications the NO3-N con- 

centration exceeded the U.S. Public Health Service standard for potable water. Kardos et al. (43) 

studied sewage effluent as an ameliorative agent applied to bituminous strip mine spoil and 

anthracite refuse. They concluded that 1) pH was higher in the leachate which recieved the highest 

treatment; 2) the waste treatments significantly increased the concentration of NO3-N and NH4-N 

in the leachate; and 3) the concentration of NO3-N was increasing with time whereas NH4-N peaked 
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out and then leveled off. McCormick et al. (54) studied the percolate from minespoils treated with 

sewage effluent and sludge. They concluded that spoil material appears to be a satisfactory reno- 

vation medium for sewage effluent, although applications of large amounts of sewage sludge and 

effluent simultaneously may temporarily cause polluting conditions. 

The available literature regarding the use of fill materials for OSWTDS fails to address many of the 

related questions. More extensive research is required to determine the effects of OSWTDS, par- 

ticularly alternative technologies, when placed in disturbed soil or minespoil. 
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Materials and Methods 

Construction of Columns 

In the late fall of 1989, minespoil and topsoil materials were collected from the Powell River Project 

in southwest Virginia and transported to Blacksburg, Virginia to build soil columns. The topsoil 

material consisted of a mixture of the Jefferson and Muskingom soil series. Jefferson soils are Typic 

Hapludults, while Muskingom soils are Typic Dystrochrepts. Soils of the Jefferson series are deep 

and well drained, and were formed in colluvium of acid sandstone, shale, and siltstone along 

drainageways and on alluvial fans. Solum thickness ranges from 100 to 150 cm, with the depth to 

bedrock greater than 150 cm. Rock fragments of sandstone and shale range from 5 to 35% in the 

upper 90 cm and 20 to 80% below 90 cm. Reaction is strongly acid or very strongly acid, unless 

the soil has been limed (75). Muskingom soils occur on steep slopes and are underlain by 

noncalcareous sandstone containing noncalcareous shale and developed over weathered material 

of these rocks. The soils generally are much shallower than those on smooth valley uplands over 

limestone material. The soils are low in natural fertility and are acid (76). 

The minespoil material was associated with the Taggart Marker and Low Splint Bench coal seams 

of the Upper Middle Wise Formation. The Upper Middle Wise Formation in southwest Virginia 

Materials and Methods 16



is composed of approximately 70% sandstones, 20% siltstones, and 10% shales (67). These rocks 

are known to contain a siginificant quantity of carbonates which in general accounts for the high 

pH values observed (40). 

The topsoil and minespoil materials were passed through a 15 cm bar screen, allowed to air dry, 

and then packed into large plastic cylinders, located in a greenhouse at VPI & SU. Columns con- 

sisted of either topsoil or minespoil filled plastic cylinders (60 cm in diameter and 90 cm in length). 

The topsoil columns were filled with 60 cm of topsoil overlying 15 cm minespoil. The minespoil 

columns consisted of 60 cm of minespoil. The bottom of each column contained a 2.54 cm layer 

of pea gravel. The columns were compacted hydraulically (Dr. W. L. Daniels has observed that 

these materials compact significantly after initial saturation). Compaction in this case was achieved 

by hydraulically saturating the materials in the column after placement of each 25 cm layer. After 

drainage was complete, the upper portion of the compacted layer was scarified and the next layer 

of material added. This process was repeated until the columns were filled to the desired depth. 

Treatments consisted of two influent types and three loading rates for the topsoil columns and two 

influent types and one loading rate for the minespoil columns. A topsoil control treatment was also 

included. All treatments were replicated two times, thus giving a total of 18 columns. The column 

influent types used in this study were: 

1. Anaerobic influent (septic tank effluent) 

2. Aerobic influent (septic tank effluent after passage through a sand filter - sand filter effluent) 

The control columns recieved 520 ml of distilled water per day to simulate seasonal rainfall addi- 

tions to soils in southwest Virginia. The topsoil columns were dosed at 680, 1360, and 2720 ml 

per day. Each column received the above loading rates of either anaerobic or aerobic influent in 

addition to the 520 ml of daily rainfall. The minespoil columns were dosed with 2720 ml of 

anaerobic or aerobic influent plus the daily simulated rainfall addition. All of the columns were 

dosed with influent for a period of six months. The septic tank effluent was collected weekly from 

a LPD dosing chamber at a local private residence and stored in Nalgene containers at 4°C until 
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applied to the columns. The sand filter was dosed twice a day with STE. The experimental design 

was a completely random design replicated two times. Wastewater was applied to all columns 

through a small PVC distribution system placed 10 cm below the surface of the column in a 5.08 

cm bed of pea gravel. This gravel layer was overlain by a layer of Mirafi fabric followed by a layer 

of topsoil. The wastewater was applied to the distribution system via a capped, hanging PVC pipe 

that was either 10.2 cm or 7.6 cm in diameter, depending on the volume of influent applied. These 

dosing chambers were connected to the distribution system by flexible plastic tubing 0.64 cm in 

diameter. The dosing rates listed above are designed to encompass wastewater loading rates that 

would be employed with appropriate alternative technologies that might be employed on reclaimed 

mined lands. The sand filter effluent was used to determine what benefits might accrue from pre- 

treatment of STE to produce an aerobic effluent (small extended aeration plant or sand filter) with 

respect to migration of biological and chemical contaminants through the fill materials used for 

wastewater renovation. Tensiometers and sampling wells (2.54 cm diameter PVC pipe) were placed 

in each column to better measure subsurface moisture conditions (16). In the columns containing 

topsoil, tensiometers and sampling wells were placed at a shallow depth (30 cm) and at the 

topsoil-minespoil interface (60 cm). In the columns containing only minespoil, a tensiometer and 

sampling well were placed at a shallow depth (30 cm). Glass collection jars (3.8 L) were connected 

to the base of each column with a 2 cm diameter piece of flexible hose. Each collection jar was 

also connected to a Fisher Scientific Suction Pump by a 0.95 cm diameter plastic tube. A timer 

was placed on the pump to place a vacuum on the columns for 15 minutes every two hours. The 

topsoil columns which received a daily dose of 1360 ml of sand filter effluent (replication IJ) had 

apparently developed planar voids or cracks in the soil column which prevented the wastewater 

from being adequately treated. This was evident in the data collected from this column, which was 

included in the analyses. 
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Laboratory Tests 

Statistical analysis for chemical and biological parameters: All of the data was analyzed using the 

Statistical Analysis System (SAS 71). Analysis of variance (ANOVA) was performed on all de- 

pendent variables measured by soil, dose rate, and influent type using the General Linear Models 

procedure of SAS (71). Orthogonal contrasts were performed when the overall F-test was signif- 

icant at P<0.05. Regression analyses were used to separate the influent type by dose rate inter- 

action. 

Chemical Analysis of Wastewater 

Anaerobic and aerobic influent was applied to the columns along with simulated rainfall for a pe- 

riod of 6 weeks prior to any column effluent sampling to allow the systems to equilibrate. This 

was followed by weekly sampling of column effluents for a period of four weeks followed by sample 

collection every two weeks for the duration of the study, (March through July). A total of 11 col- 

umn effluent samples were collected from each column through the course of the study. Prior to 

sample collection, glass collection jars were scrubbed with Chlorox bleach and rinsed thoroughly 

with distilled water. The influents were then applied to the columns. Samples were collected over 

a 24h period after applying wastewater to the soil columns. Samples were taken from the collection 

jars and transferred to individual 250 ml plastic bottles, sealed, and placed in a styrofoam cooler. 

They were then transported to the laboratory for analysis. 

In the laboratory, a portion of the samples were filtered through a membrane filter aparatus. Sterile 

MicronSep filter paper was used. This was a cellulosic, white grid, 0.45 um micropore filter which 

was 47 mm in diameter. If the water sample was excessively cloudy, a glass fiber prefilter, type A, 

37 mm diameter was used in addition to MicronSep filter paper. Suction was applied by a Fisher 

Scientific Vacuum Pump. The filtrate was collected in a 50 ml collection tube placed inside the 
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sidearm flask. Subsamples of the filtrate were placed into 4 ml auto analyzer cups for NH, and 

NO; analysis. These samples were then stored in a refrigerator at 4°C for a maximum of 2 days 

until analysis could be performed (78). 

pH: Hydrogen ion activity (pH) was determined using an Orion Research Microprocessor 

Jonalyzer/901 with a combination electrode assembly according to standard methods (55). The pH 

was measured on unfiltered wastewater samples at room temperature as soon as possible after 

sample collection. 

EC: The electrical conductivity (EC) was measured with a SYBRON/Barnstead conductivity 

bridge model PM-70CB. The EC was also measured on unfiltered wastewater samples at room 

temperature. The EC was determined as recommended in standard methods (65). 

Chloride: Chloride ion in solution was determined by coulometric titration, using the automatic 

titration method (1). The instrument employed in this titration was the Buchler Digital 

Chloridometer. We utilized two EPA standards with concentrations of 1 mg/L and 10 mg/L Cl. 

Preparation of the samples involved taking 0.1 ml of each filtered water sample, adding 3 ml of 

distilled water, and 4 drops of the gelatin reagent. Two blanks were prepared with 3 ml of distilled 

water, | ml of acid, and 4 drops of the gelatin reagent. The chloridometer was run on the low 

setting (29,78). 

Orthophosphate: Orthophosphate (OP) was determined colorimetrically on a Hitachi Model 

100-20 Spectrophotometer using the ammonium molybdate and ascorbic acid procedure (28,59,60). 

Nitrate and ammonium: An Orion Scientific Auto Analyzer was used to determine NO; and NH, 

simultaneously on a dual channel auto analyzer. Nitrate was reduced to NO; with a cadmium- 

copper column and subsequently determined by the sulfanilamide method (45). Ammonium was 

determined using the indophenol blue method (13). A series of NH,-N and NO;-N standards 
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were prepared from 10 mg/L stock solution. An EPA standard of 0.4 mg/L was also used for 

system calibration. Before analysis, samples, standards, and reagents were removed from the 

refrigerator and allowed to warm to room temperature (27,58). saveTotal Kjeldahl nitrogen 

Total Kjeldahl Nitrogen (TKN) was determined by first digesting the filtered wastewater samples 

in an aluminum digestion block (4). Total N in the digest was determined by the indophenal blue 

procedure (11). 

Selected chemical parameters: Selected chemical parameters were also determined on the filtered 

wastewater samples. These included Ca, Mg, K, Na, Zn, Fe, Al, Mn, and Cu, although Mn, Cu, 

and Zn were later dropped from elements to be analyzed because many readings were either ex- 

tremely low or below instrument detection limits. These selected chemical parameters were ana- 

lyzed using an Inductivily Coupled Plasma (ICP) spectrometer system which is available at the VPI 

Soil Testing and Plant Analysis Laboratory. This ICP is a simultaneous spectrometer (Jarrell-Ash 

ICAP 9000) that records the concentration of the pre-selected elements simultaneously. 

Biological Analysis of Wastewater 

Wastewater samples for biological analysis were collected along with the samples for chemical 

analysis. The biological samples were also collected in 250 ml plastic bottles, placed on ice in 

Lifoam 24.6 L coolers and transported to the laboratory. 

The samples were initially screened for the presence of fecal coliforms using the Colilert MPN re- 

agent (Access Analytical Systems, Branford, CT) (18). Each Colilert tube was filled with 10 ml of 

sample and vortexed to dissolve the reagent. The inoculated tubes were incubated at 37°C for 24 

h. The tubes were read after the 24 h incubation period. A yellow color indicated the presence of 

enteric microorganisms, while fluorescence specifically confirmed the presence of E. coli. 

Fluorescence was checked with a UVP Black-Ray Lamp, Model UVL-56. 

Materials and Methods 21



If the samples tested positive for E. coli, they were diluted to a concentration of 1x10?/ml and plated 

on Eosin Methylene Blue agar (EMB), (Difco Laboratories, Detroit, MI). Each sample was plated 

in triplicate on petri plates (100 x 15 mm). The plates were incubated at 37°C for 24 h after which 

colony counts were made with a Quebec Darkfield Colony Counter. 

Microbial Tracers: Microbial and viral tracers were introduced into the columns approximately 4 

months after the first day of influent application. The soil columns were dosed with the tracer 

organisms on June 25, 1990. The first sample (day 1) was collected 24 h after the initial addition 

of the tracer organisms. Samples were then collected on a daily basis (42). 

An E. coli strain was isolated from a pump chamber effluent sample (Dr. Charles Hagedorn and 

Marian Ijzerman, CSES Department, VPI & SU) by plating the effluent on EMB agar and isolating 

a colony which produced the characteristic green sheen only produced by E. coli on the EMB agar 

(42). 

Population counts of the FE. coli culture were determined by serial diluting 10 ml of the culture in 

90 ml bottles of Proteose Peptone, and plating 0.1 ml onto EMB agar amended with 100 ug/ml 

Nalidixic Acid and 100 ug/ml Sodium Azide. The plates were incubated for 24 h at 37°C, after 

which colonies were counted. The starting population of the E. coli culture used was 2.0x107 col- 

ony forming units (cfu)/ml (42) 

Spontaneously-resistant mutants of this F. coli strain were selected with the gradient plate procedure 

(56), for resistance to 100 ug/ml Nalidixic Acid and 100 ug/ml Sodium Azide (Sigma Chemical Co., 

St. Louis, MO). The strain was inoculated into 250 ml Erlenmeyer flasks containing 100 ml of 

Trypticase Soy Broth and incubated for 24 h at 37°C (42). This 24 h old culture was transferred 

to 4 L Erlenmeyer flasks containing 3 L of Nutrient Broth and incubated for 12 h at 30°C (42). 

The 12h old culture was transferred to 3 L polypropylene containers, placed on ice in Lifoam 24.6 

L coolers and transported to the greenhouse for application to the soil columns. The tracer E. coli 

was diluted to concentrations of 2.94x10*, 2.21x10°, and 2.26x10° cfu/ml for the low, medium and 
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high influent treatment rates, respectively, applied to the topsoil columns receiving aerobic influent. 

The minespoil columns which received aerobic influent were dosed at a concentration of 2.26x10 

cfu/ml. The topsoil columns receiving anaerobic influent were dosed at concentrations of 

2.06105, 2.55x10°, and 2.45x10° cfu/ml for the low, medium, and high treatment rates, respectively. 

The minespoil columns which received anaerobic influent were dosed at a concentration of 

2.45x 10° cfu/ml. 

Fifty milliliters of a water sample was millipore filtered (Cellulosic, White Grid, 0.45 Micron, 47 

mm) with the aid of a prefilter. The filter was placed on 100 mm EMB agar petri plates (50 x 9 

mm-Falcon HAWG-04750) amended with the appropriate strength of antibiotics. The plates were 

incubated at 37°C for 24h, after which colony counts of the antibiotic-resistant E. coli were re- 

corded (42). 

A bacteriophage T-1 (Biology Department, VPI & SU) stock (for virus study) was prepared by 

inoculating 1.5 ml of a 12-h-old culture of the host E. coli Strain B (Biology Department, VPI & 

SU) into 150 ml of Trypticase Soy Broth. The culture was incubated at 37°C with shaking at 250 

oscillations per minute for 2h. One and a half milliliters of a previously prepared phage stock of 

phage T-1 (1.0x10°) was added and incubated on a shaker at 150 oscillations per minute for 12 h 

(42). 

Population counts of the bacteriophage T-1 culture were determined by serial diluting 10 ml of the 

culture into 90 ml bottles of Proteose Peptone. A plaque assay was done by placing 50 ml of the 

diluted culture into a 50°C solution of double-strength Trypticase Soy Agar along with 3 ml ofa 

2-h-old host F. coli Strain B culture. The mixture was swirled and evenly divided into 3 petri plates 

and incubated at 37°C for 4-6 h. The plaques formed by the bacteriophage were counted. The 

initial population was determined to be 1.0x10’ plaque forming units (pfu)/ml (42). 

Thirty milliliters of a 12-h-old host culture of FE. coli Strain B was inoculated into a 4 L flask of 

Nutrient Broth and incubated at 30°C for 2.5 h in order to allow the culture to enter an actively 
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growing stage. Twenty-five milliliters of the T-1 phage stock was added per flask, and the flasks 

were incubated at 30°C for 12h. The bacteriophage culture was placed in 3 L polypropylene con- 

tainers, and transported to the greenhouse on ice in Lifoam 24.6 L coolers for application to the 

soil columns. The bacteriophage T-1 was applied in concentrations similar to the anaerobic influ- 

ent and aerobic influent. The phage T-1 was diluted to concentrations of 1.47x10*, 1x10°, and 

1.13x10° pfu/ml for the low, medium, and high influent treatment rates applied to the topsoil col- 

umns receiving aerobic influent. The minespoil columns which received aerobic influent were dosed 

at a concentration of 1.13x10° pfu/ml. The topsoil columns which received anaerobic influent were 

dosed at concentrations of 1.03x10°, 1.27x10°, and 1.23x10° pfu/ml: The minespoil columns which 

received anaerobic influent were dosed at a concentration of 1.23x10° pfu/ml (42). 

A 50 ml water sample was millipore filtered (Cellulosic, White Grid, 0.45 Micron, 47 mm) with the 

aid of a prefilter. This surface sterilized water sample was added to 50 ml of 50°C double-strength 

Trypticase Soy Agar solution. Three milliliters of a 2-4-h-old host culture of E. coli was added. 

The mixture was swirled and poured evenly into three petri plates (100 x 15 mm-Falcon) and in- 

cubated for 6-24 h (depending on the bacteriophage strain used) at 37°C. Plaques formed by the 

bacteriophage were then counted (42). 

The bacterial and bacteriophage (viral) counts were organized into designated categories on the 

advice of a statistics consultant (VPI & SU). The categories are as follows: 1; 0 cfu 2; 1-25 cfu 3; 

26-50 cfu 4; 51-100 cfu 5; > 100 cfu for bacteria and 1; 0 pfu 2; 1-25 pfu 3; 26-50 pfu 4; 51-100 pfu; 

5; 101-1000 pfu 6; 1001-10,000 pfu 7; > 10,000 pfu for viral counts (42). 

Physical Characterizations 

Several tests were conducted to determine the physical properties of the topsoil and minespoil used 

in the greenhouse columns after the daily treatments had ceased. Soil bulk density was determined 
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according to the Excavation Method and Rubber-Ballon Apparatus (3). Bulk density of the fine 

and coarse materials was determined by passing the soil material through a 2.00 mm sieve to sepa- 

rate the coarse and fine fragments. The soil was then weighed on an OHAUS balance. 

Hydraulic conductivity tests were performed on the soil in the columns (including both topsoil and 

minespoil Jayers) as well as on the stockpiled topsoil and minespoil materials. Plastic cylinders 

which were 20 cm in diameter and 40 cm deep were used to measure the hydraulic conductivities. 

The soils were compacted to a depth of between 30 and 35 cm in the hydraulic conductivity cylin- 

ders by saturating with water for a period of 30 minutes. Saturated hydraulic conductivity was de- 

termined by the Constant Head Method (49). Additional hydraulic conductivity tests were 

performed on soil that had gone through three wetting and drying cycles, and included minespoil 

which had daily received 2720 ml of anaerobic influent and topsoil which had received 2720 ml of 

anaerobic influent daily. Tests were performed on four replicates of each soil material for a total 

of 8 hydraulic conductivity measurements. 

Particle size analysis was performed on soil from selected columns, including both the topsoil and 

minespoil layers, as well as the stockpiled topsoil and minespoil materials. Particle analysis was 

determined by the Pipette Method (34). The soil material was passed through a 2.00 mm sieve 

prior to analysis. 

Water retention characteristics of the material were determined by the Pressure Plate Apparatus 

(48). These tests were performed on a composite topsoil sample and a composite minespoil sample 

from the soil columns. Water retention was determined for 0.01, 0.03, 0.5, and 1.5 MPa. Each 

sample was replicated three times. 
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Miscellaneous Tests 

The total volume of water that passed through the columns over a 24 hr period was also deter- 

mined. These tests were performed on three different occassions. The volume of effluent collected 

from the glass collection jars after a 24 h period was compared with the volume of influent and 

rainfall water applied the previous day. 

Selected soil chemical analyses were also determined for samples collected from each column, in- 

cluding topsoil and minespoil layers as well as the stockpiled topsoil and minespoil materials. 

Samples were collected after the influent treatments had ceased and prior to dismantling the col- 

umns. The soil samples were analyzed for pH, and Mehlich | extractable P, K, Ca, Mg, Zn, Mn, 

Fe, Al, Cu, and B as described earlier. 

Statistical analysis of soil physical and chemical parameters: All of the data was analyzed statis- 

tically using SAS (71). Analysis of variance (ANOVA) was performed on all dependent variables 

measured by soil, dose rate, and influent type using the General Linear Models procedure of SAS 

(71). Contrasts were performed when the overall F-test was significant at P< 0.05. Regression 

analyses were used to separate the influent type by dose rate interaction. The statistical analysis 

of particle size, bulk density, and soil chemical parameters included two segments: analysis I and 

analysis II. Analysis I involved contrasts which compared the topsoil layers with the underlying 

layers of minespoil. Analysis II compared the minespoil from the minespoil columns with the layer 

of underlying minespoil from the topsoil columns which had been receiving the highest influent 

loading rate. This was a simple two square factorial which was analyzed by the General Linear 

Method. The moisture retention capacity was also analyzed by the General Linear Method. In 

addition, regression analysis was performed when there was a significant interaction among the rates 

of influent treatment in the topsoil columns. 
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Results and Discussion 

Chemical Analysis 

The performance of the columns with respect to chemical renovation is shown in Tables 1-8 and 

Figures 1-3. The values in these Tables and Figures include both changes in water quality and soil 

properties throughout the duration of the study. Column effluents and soil levels of Mn, Zn, and 

EC analyses are in Appendix A, Table 25. 

NITROGEN 

Nitrate nitrogen: Nitrates represent the final product of the biochemical oxidation of ammonia 

(70). Nitrate-N levels were determined on effluent from the soil columns (Table 1, Figure 1). The 

concentration of NO; - N increased from 0.2 to 32.9 mg/L when anaerobic STE was passed through 

the sand filter (Table 1). This was indicative of the aerobic state of the sand filter. When anaerobic 

STE was passed through the soil columns, there was a net increase of NOQ;- N in both minespoil 

(Table 1) and topsoil column effluent (Figure 1). In all cases > 71% of the inorganic N present in 

the topsoil column effluent was in the NO 3 form (Table 1, Figure 1). This also indicated the 

presence of aerobic conditions in the soil columns. Table 1 and Figure | also show that the con- 
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version efficiency of NH to NO3 increased with decreased application rate, possibly due to an in- 

crease in aerobic volume in the soil columns at the lower influent application rates. However, 

NO; composed >97% of the inorganic N present in the topsoil column effluent when aerobic in- 

fluent was applied, as compared to 85% NQO;-N when anaerobic influent was applied (Table 1, 

Figure 1). This is not unexpected since the aerobic influent contained 165 times as much NO;- N 

as the anaerobic influent. Where aerobic and anaerobic influent were applied to the topsoil col- 

umns there was an increase in NO; - N concentration in the column effluent with increased aerobic 

influent application rate (Figure 1). There was a trend for increased NO} concentration in column 

effluent with anaerobic influent, but this trend was not statistically significant. 

Effluent from the minespoil columns differed in NO; concentrations depending on the type of in- 

fluent applied to the columns (see contrasts, Table 1). The columns receiving aerobic influent had 

a higher concentration of NO; - N in the column effluent than did columns receiving anaerobic in- 

fluent (30.0 vs 15.0 mg/L). This reflected the higher levels of NO; - N initially present in the aerobic 

influent and may also reflect a decreased retention time of influent in the minespoil columns or 

increased anaerobic conditions during dosing where anaerobic influent was applied. When topsoil 

column effluent was contrasted with minespoil column effluent, regardless of influent type, there 

were no significant differences in NO;-N concentration (Table 1). This indicates that the envi- 

ronment in the minespoil columns was as conducive for NO; - N production as the topsoil column 

environment at the highest influent application rates. However, there was a trend toward increased 

NO; formation in the topsoil columns compared to the minespoil columns (Table 1). 
6 

There was a significant dose rate by influent type interaction for NO;- N concentration in topsoil 

column effluent. This interaction is shown in Figure 1. The increase in NO;- N concentration in 

the column effluent when aerobic influent was applied can be described by a quadratic function. 

This function indicates that 99% of the observed variation in NO; - N concentration in the column 

effluent could be attributed to the quantity of influent applied to the column. The maximum 

concentration of NO;- N (31.5 mg/L) would be present in the column effluent at an application 

rate of 2150 ml based on the derived quadratic equation. However, this is < 15% higher than the 
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NO;- N present at the 1360 ml dose rate. There was no significant linear or quadratic relationship 

for NO;-N present in the column effluent when anaerobic influent was applied. However, there 

was a trend toward increased NO;- N concentration with increased anaerobic influent, but a de- 

crease in the percentage of the NH¢ - N oxidized to NO3-N. Figure 1 shows that influent type 

by dose rate interaction was a result of the difference in NO3- N concentrations present in column 

effluents at the two highest influent application rates. This in not unexpected since much of the 

inorganic N present in the aerobic influent was already present in the NO; - N form. 

Because of the chemically inert state of NO; - N, it is not uncommon to find low levels of reduction 

when NQ;- N is passed through soil columns (5). When NO; - N is leached below the surface soil 

horizons, NO; tends to move unhindered and unchanged in the soil profile (5). The current upper 

limit of NO; - N in drinking water is 10 mg/L (43). Nitrate levels above this level appear to be the 

cause of methemoglobinemia or “blue babies” (70). Although the effluent from the soil columns 

had NQ;- N levels which exceeded 10 mg/L, proper housing density should reduce the NO; - N to 

an acceptable level before reaching drinking water wells. 

Ammonium nitrogen: The highest concentration of NH,-N was present in the anaerobic influent 

(STE), followed by effluent from the topsoil and minespoil columns which received the highest 

application rate of anaerobic influent (Table 1). The concentration of NH? - N decreased from 43.5 

mg/L to 7.5 mg/L when STE was passed through the sand filter. This indicates the existence of 

favorable conditions in the sand filter for nitrification to take place. The NH¢ - N concentration 

in the soil column effluent decreased when either aerobic or anaerobic influent was passed through 

the soil columns. Ammonium-N concentration increased in the column effluent with increasing 

influent application rates, although this was much more pronounced with anaerobic influent than 

with aerobic influent (Table 1, Figure 2). This was due to the much greater concentration of 
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Table |. Nitrate and ammonium concentrations for influent and effluent for topsoil and minespoil col- 

  

  

  
  

  

  

        
  

umnAs 

Material Aerobic Anaerobic 

Dose rate (ml) mg NH,-N/L mgNO;-N/L | mgNH,-N/L mgNO;-N 

Column Effluent 

Topsoil 

2720 0.7 29.7 8.6 21.3 

Minespoil 

2720 4.4 30.0 12.7 15.9 

Control 0.2 0.4 -- -- 

Column Influent 

Influent 7.5 32.9 43.5 0.2 

NH,- N NO3-N 
wren rene senna en nnnee F value-------------------- 

Orthogonal Contrasts: 
MS-A vs MS-AN 39.42** 26.98 ** 
TS-A vs MS-A 7.57** NS 
TS-AN vs MS-AN 9.54** NS 
  

Anaerobic influent - septic tank effluent 
Aerobic influent - effluent from a sand filter where the above anaerobic 
influent is used as the sand filter influent 
Control - Column filled with topsoil which received daily simulated 
rainfall additions but no influent treatments 
TS-A Topsoil column which received aerobic influent 
TS-AN Topsoil column which received anaerobic influent 
MS-A Minespoil column which received aerobic influent 
MS-AN Minespoil column which received anaerobic influent 
** significant at alpha= 0.01 
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Figure 1. Relationship between nitrate-N and topsoil column effluent and aerobic and anaerobic influent 
application rate 
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NH? -N present in the anaerobic influent compared with the aerobic influent (Table 1). The 

anaerobic influent contained almost 6 times as much NH¢ - N as the aerobic influent (Table 1). 

The NH - N concentration in the minespoil column effluent which received aerobic influent con- 

tained 65% less NH7 - N than the effluent from minespoil columns which received anaerobic in- 

fluent (see contrasts in Table 1). This was expected since much of the NH¢ had been oxidized 

when STE was passed through the sand filter. Minespoil column effluent was higher in NH# - N 

concentration than topsoil columns which received the same rate of influent application. This dif- 

ference was present regardless of influent type, with aerobic influent alone, or with anaerobic in- 

fluent alone. These data indicate that minespoil columns were less effective in renovating the 

wastewater with respect to NH,- N than were the topsoil columns. This may be due to the lower 

influent retention time of influent in the minespoil column, preferential flow paths, or to increased 

anaerobic microsites in the columns that receive anaerobic influent. 

There was a significant dose rate by influent type interaction. This relationship is shown in Figure 

2. The increase in NH¢# - N concentration in the topsoil column effluent when anaerobic influent 

was applied can be described by a linear function. This function shows that 99% of the observed 

variation in NH; - N concentration could be attributed to influent applied to the column. The 

slope of the line for NH? - N present in column effluent where anaerobic influent was applied in- 

dicates that for each 1 L increase in influent application rate, NH¢# - N concentration in column 

effluent increased by 4.3 mg/L. Figure 2 also shows that at the 680 and 1360 ml application rate, 

there were only slight differences in the NH¢ - N concentration for anaerobic and aerobic influent 

application. However, at dose rates greater than 1360 ml there is a large increase in NHi -N 

concentration where anaerobic influent is applied while NH# concentration remained unchanged 

where aerobic effluent is applied. This is expected since the inorganic N present in aerobic influent 

is primarily present in the NO3- N form. The influent type by dose rate interaction was thus pri- 

marily attributable to the increased NH, - N present in the column effluent that received the high 

anaerobic influent application rate. Figures 1 and 2 show that when anaerobic influent was applied 

to the topsoil columns, NH¢ - N increased relative to NO3- N with increased dose rate. Figures | 
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and 2 also reveal that when aerobic influent was applied to the topsoil columns, NO; - N increased 

relative to NH? - N. The reasons for higher NH? - N at the higher anaerobic influent application 

rates was probably a function of retention time, development of preferential flow paths, and possi- 

bly a decrease in aerobic volume within the soil column. 

Total inorganic nitrogen: The total inorganic N (NO3;- N + NH? -N) concentration increased 

with increased application of either aerobic or anaerobic influent to the soil columns (Table 2). 

However, the percent of unaccounted for inorganic N decreased with increased influent application 

rate. The reduction in inorganic N after influent passed through the soul columns ranged from 15 

to 60 percent. The greatest reductions occurred when anaerobic influent was applied to the col- 

umns. These reductions are apparently a reflection of the C available to fuel the denitrification 

process and the retention time for the influent in the column. However, diffusion of inorganic N 

components present in the wastewaters applied into soil solution present in smaller pores may have 

also been responsible in part for the inorganic N disappearence. To test this, NO3- N/Cl ratios 

were determined (Table 3). Since NO3- N and Cl have similar mobilities in solution and Cl does 

not undergo biological N transformations, this ratio is a good indicator of denitrification. The data 

indicates a general trend of higher denitrification occurring within the columns which received 

anaerobic influent treatments. This may be due to the greater availability of carbonaceous material 

in the anaerobic STE, an essential ingredient to denitrification (66). A comparison of inorganic N 

reduction (Table 2) and NO; - N/Cl ratios (Table 3) indicate that in the minespoil most of the re- 

duction may have been due to denitrification. In the topsoil, denitrification as calculated by 

NO; - N/CI ratios did not account for all of the reduction observed. This would indicate that some 

diffusion of NO; - N into soil solution present in small pores may have occurred. This is consistent 

with the larger number of smaller pores present in the topsoil columns as compared to minespoil 

(see section on moisture retention capacity). 
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Table 2. Total inorganic N concentration for influent and effluent for topsoil and minespoil columns and 
reduction in inorganic N after influent passed through soil columns 

  

  

    

  

    

  

Material Aerobic Anaerobic 

Dose Rate (ml) mg N/L Reduction (%) mg N/L Reduction (%) 

Column Effluent 

Topsoil 

680 17.0 57.9 17.7 59.5 
1360 28.4 30.0 21.4 51.0 
2720 30.4 24.8 29.9 31.6 

Minespoil 

2720 34.4 14.9 28.6 34.6 

Control 0.6 -- -- -- 

Column Influent 

Influent 40.4 7.6 43.7 --           

Anaerobic influent - septic tank effluent 
Aerobic influent - effluent from a sand filter where the above 
anaerobic influent is used as the sand filter influent 
Control - Column filled with topsoil which received daily simulated 
rainfall additions but no influent treatments 
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Table 3. N/CI ratios for influent and effluent for topsoil and minespoil columns as an indicator of 
denitrification 

  

  

  
  

  

  

        

Material Aerobic influent Anaerobic influent 

Dose Rate (ml) N/Cl Denitrification (% } N/Cl Denitrification (%) 

Column Effluent 

Topsoil 

680 0.036 32.1 0.040 29.8 
1360 0.042 20.8 0.036 36.8 
2720 0.042 20.8 0.044 22.8 

Minespoil 

2720 0.045 15.0 0.040 29.8 

Column Influent 

Influent 0.053 0 0.057 0     

Anaerobic influent - septic tank effluent 
Aerobic influent - effluent from a sand filter where the above anaerobic 
influent is used as the sand filter mnfluent 
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Total Kjeldahl nitrogen (TKN): The values for NHz - N and TKN indicate that most of the TKN 

is present as NH# (Tables 1 and 4). In the anaerobic and aerobic effluent 87 and 100% of the TKN 

was present in the NHi-N form. Total Kjeldahl nitrogen was reduced by 85% when the 

anaerobic STE passed through the sand filter. This was primarily due to the conversion of 

NH¢ - N to NOQ3-N. There was also a general trend of reduced TKN levels when the anaerobic 

influent passed through the soil columns. Since most of the TKN was NH¢ - N, the reductions in 

TKN were primarily a result of oxidation of NH¢ - N to NO;- N and denitrification. 

The mean TKN levels were higher in the minespoil column effluent than the topsoil column 

effluent. The minespoil columns which received anaerobic influent had a higher TKN concen- 

tration when contrasted against those which received aerobic influent (see contrasts, Table 4). The 

minespoil column effluents which received anaerobic influent had a higher TKN concentration 

compared with the topsoil columns which received anaerobic influent. This was probably due to 

a larger number of preferential flow paths present in the minespoil columns. There was no differ- 

ence in TKN concentration between the minespoil and topsoil columns that received aerobic 

effluent. This is not unexpected since TKN in the aerobic effluent was only 15% of that present 

in anaerobic influent. 

There was a significant dose rate by influent type interaction. The increase in TKN concentration 

in the column effluent when anaerobic influent was applied could be described by a linear function. 

This equation is found in Table 5. This function indicates that 99% of the observed variation in 

TKN could be attributed to the quantity of influent applied to the column. There was no signif- 

icant linear or quadratic relationship for TKN present in the column effluent where aerobic influent 

was applied. Apparently, less retention and adsorption occurred with increased application rates 

of anaerobic influent as compared to limited change in TKN concentration in effluent from topsoil 

columns that received aerobic influent. It is important to remember, however, that samples were 
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collected on the final day of column treatments, and only one set of samples were obtained. 

However, changes in TKN are as expected very similar to changes observed for NH¢ - N. 

Phosphorus: The highest concentrations of P were present in the aerobic sand filter effluent and 

anaerobic STE (Table 6). There was no change in P concentration upon passing STE through the 

sand filter, indicating that the clean sand in the filter was not effective with respect to P removal. 

When the aerobic and anaerobic influent was applied to soil columns, the concentration of P in the 

column effluent was decreased by varying amounts depending on material used, application rate, 

and influent type. The percent reduction in P declined with increased influent application rates. 

The topsoil columns removed anywhere from 74 to 99% of the P, while the minespoil columns 

removed a maximum of only 47%. Replicate II of the topsoil column, which received 1360 ml of 

aerobic influent, frequently gave skewed values, indicating an apparent short-circuiting within this 

column when influent was applied. When data from replicate II of the aerobic 1360 ml influent 

application rate was dropped from analysis, the mean P concentration in column effluent from this 

application rate also decreased (Figure 3). Phosphates added to soil are first adsorbed quickly and 

later “fixed” (probably precipitated) into less soluble forms (5). Whether the phosphates truly 

adsorb on surfaces or precipitate as small and poorly crystallized solids is uncertain (5). 

The minespoil columns contained higher levels of P in the column effluent when compared to 

effluent from the topsoil columns. This was observed when either aerobic or anaerobic effluent 

was applied to the minespoil columns. This may have been due in part to the high levels of P 

present in the minespoil (see soil chemical analysis). Phosphorus also tends to have maximal sol- 

ubility at neutral or slightly acid pH (5). Evidently, the equilibrium P concentration was higher in 

the minespoul as a result of existing P containing compounds. Also, the influent contact time with 

finer textured particles may have been reduced in the minespoil columns, thus reducing the reaction 

time between P in influent and soil particles. There was no difference in P concentrations in the 

minespoil column effluents with application of either aerobic or anaerobic influents (Table 6). The 
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Table 4. Total Kjeldahl nitrogen concentration for influent and effluent for topsoil and minespoil columns 

  

  

  
  

  

  
  

        

Material Aerobic effluent Anaerobic effluent 

Dose rate (ml) mg TKN/L mg TKN/L 

Column Effluent 

Topsoil 

680 4.87 3.77 
1360 4.43 5.53 
2720 3.98 12.1 

Minespoil 

2720 5.09 19.8 

Column Influent 

Influent 5.75 37.7   
  

Orthogonal Contrasts: 
MS-A vs MS-AN 
TS-A vs MS-A 
TS-AN vs MS-AN 

51.49** 
NS 

14.05** 
  

Anaerobic influent - septic tank effluent 
Aerobic influent - effluent from a sand filter where the above anaerobic 
influent is used as the sand filter influent 
TS-A Topsoil column which received aerobic influent 
TS-AN Topsoil column which received anaerobic influent 
MS-A Minespoil column which received aerobic influent 
MS-AN Minespoil column which received anaerobic influent 
** significant at alpha= 0.01 
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Table 5. Regression equations describing chemical composition of column effluent as affected by influent 
type and dose rate 

  

  

Effluent Dependent 
Type Variable a# by by R? 

Aerobic Ca 236 -0.10 0.21x104 0.99** 
Anaerobic Ca 173 -0).034 0.58x10°5 0.99* 

Aerobic Mg 121 -0.051 0.11x104 0.99** 
Anaerobic Mg 89 -0.008 0.99** 

Aerobic K 6.6 0.006 -0.15x105 0.99** 
Anaerobic K 5.9 0.007 -0.16x10° 0.99** 

Aerobic Na -112 0.43 -0.98x104 0.99** 
Anaerobic Na -35 0.29 -0.60x104 0.99** 

Aerobic Cl 142 0.56 -0.13x10°3 0.99* 
Anaerobic Cl 409 0.10 0.99** 

Aerobic EC 1195 1.68 -0.42x103 0.99** 
Anaerobic EC 1077 1.57 -0.37x103 0.99* 

Anaerobic TKN 0.55 0.004 0.99** 

  

# equations are in the form Y = a + bX + BX?, 
where Y is the elemental concentration in mg/L and X is the 
rate of influent application. 

* ** Indicate significance at alpha = 0.05 and 0.01, respectively. 
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minespoil columns which received aerobic influent had higher levels of P when contrasted with the 

topsoil columns which received aerobic influent (Table 6). Likewise, the minespoil columns which 

received anaerobic influent had higher concentrations of P when contrasted with the topsoil col- 

umns which received anaerobic influent. Again these results probably reflect the indigeneous P 

present in the minespoil, fewer silt and clay size particles in the minespoil, and reduced contact time 

in the minespoil columns or a combination of these factors. 

There was a significant dose rate by influent type interaction for P. This interaction is shown in 

Figure 3. The increase in P concentration where aerobic and anaerobic influent were applied can 

be described by quadratic functions. These functions indicate that 99% of the observed variation 

in P concentration could be attributed to the quantity of influent applied to the soil columns. 

Figure 3 shows that the P concentration was considerably higher when aerobic influent was applied 

at the 1360 ml rate, relative to anaerobic effluent. This may be due to problems of short-circuiting 

observed in replicate II of the aerobic 1360 ml application rate and is probably responsible for the 

significant interaction. When replicate II of the aerobic 1360 ml application rate was dropped from 

the data set, there was a significant linear function between P concentration and influent application 

rate (Figure 3). This linear function is probably a more accurate portrayal of what one would ex- 

pect to occur in topsoil columns receiving aerobic influent. These values indicate that P may be 

more mobile in this system than originally anticipated, particularly at higher influent application 

rates. Field studies will need to be conducted to determine if P will be as mobile as column studies 

indicate. 

pH: The pH of the wastewater increased from 7.1 to 7.5 (Table 7) after passage through the soil 

columns. The pH of the anaerobic STE tended to be lower than the pH of the aerobic sand filter 

effluent. There was no change in the pH of soil column effluent with application rate or influent 

type. There was, however, a trend toward decreased soil column effluent pH where anaerobic in- 

fluent was applied. The influent treatments applied to the topsoil and minespoil columns tended 
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Table 6. Ortho P concentration for influent and effluent for topsoil and minespoil columns and reduction 
in P after influent 

  

  

  
  

  

  
  

        
  

Material Aerobic effluent Anaerobic effluent 

Dose rate (ml) mg P/L Reduction (%) mg P/L Reduction (%) 

Column Effluent 

Topsoil 

680 0.11 98.1 0.05 99.1 
1360 1.01 82.3 0.25 95.6 
2720 1.33 76.7 1.50 73.7 

Minespoil 

2720 3.0 47.4 3.0 47.4 

Control 0.0] -- -- -- 

Column Influent 

Influent 5.7 0.0 5.7 -- 

wannr rence en nnenenne F value-------------------- 
Orthogonal Contrasts: 
MS-A vs MS-AN NS 
TS-A vs MS-A 137.61** 
TS-AN vs MS-AN 113.68** 
  

Anaerobic influent - septic tank effluent 
Aerobic influent - effluent from a sand filter where the above 
anaerobic influent is used as the sand filter influent 
Control - Column filled with topsoil which received daily simulated 
rainfall additions but no influent treatments 
TS-A Topsoil column which received aerobic influent 
TS-AN Topsoil column which received anaerobic influent 
MS-A Minespoil column which received aerobic influent 
MS-AN Minespoil column which received anaerobic influent 
** significant at alpha= 0.01 
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to have mean pH values that were higher where aerobic influent was applied compared to anaerobic 

influent applications. This decrease in pH may be due to enhanced nitrification that occurred as a 

result of larger quantities of NH - N present in the anaerobic influent (Table 1). This is expected 

since the biochemical transformation of NH to NO} is an acid forming process. However, it 

should be noted that the pH change averaged only 0.1 units. 

Chloride: Chloride was analyzed because it undergoes no biological transformations and is not 

adsorbed onto soil particles in any greater quantity than NO;- N. Thus Cl is a conservative ion 

that can be used as a tracer of effluent in natural systems (24). As a result, Cl is a useful indicator 

of STE movement through the soil (24). The highest level of Cl was present in the STE and the 

sand filter effluent (Table 8). The lowest concentration of Cl occurred in the filtrate from the 

topsoil control columns receiving treatments of distilled water. There were no differences between 

Cl concentrations in minespoil and topsoil column effluents for either aerobic or anaerobic influent 

application (Table 8). Also no differences were observed between Cl: concentrations present in 

minespoil column effluents where aerobic and anaerobic influent was applied. 

There was a significant dose rate by influent type interaction. The increase in Cl concentration 

where aerobic influent was applied can be described by a quadratic function, and where anaerobic 

influent was applied the Cl concentration can be described by a linear function (Table 5). These 

functions indicate that 99% of the observed variation in Cl concentration in the column effluent 

could be attributed to influent application rate to the columns. From the Cl analysis in wastewater, 

passage through the soil columns tended to decrease Cl concentration and the reductions observed 

tended to decrease with increasing influent application rates. This may be due to a greater per- 

centage of the Cl diffusing into smaller waterfilled pores at the lower application rates or it may 

reflect increased flow through preferential paths at higher application rates. It is not immediately 

obvious why lower Cl concentrations were present in the column effluents where anaerobic influent 

was applied compared to columns that received aerobic influent unless the top portions of some 
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Table 7. Concentrations of selected chemical parameters for influent and effluent for topsoil and 
minespoil columns 

  

  

        

  

        
                

Material Element (mg/L) 

Dose rate (ml) pH Ca Mg K 

Column Effluent 

TS-A 
680 7.5 178 91.6 10.2 
1360 7.5 139 72.1 12.4 
2720 7.5 118 63.6 12.6 

MS-A 
2720 7.5 116 62.2 12.3 

TS-AN 
680 7.5 153 83.0 9.9 
1360 7.4 158 77.0 12.4 
2720 7.4 124 65.8 13.0 

MS-AN 
2720 7.4 122 64.3 13.0 

Control 7.1 253 117.7 6.3 

Column Influent 

Aerobic 7.2 104 52.4 14.9 

Anaerobic 7.0 100 49.6 14.5 

none enn nen nnen ene F value--------------------- 
Orthogonal Contrasts: 
MS-A vs MS-AN NS NS NS NS 
TS-A vs MS-A NS NS NS NS 
TS-AN vs MS-AN NS NS NS NS 
  

TS-A Column filled with topsoil that received aerobic influent 
MS-A Column filled with minespoil that received aerobic influent 
TS-AN Column filled with topsoil that received anaerobic influent 
MS-AN Column filled with minespoil that received anaerobic influent 
Control Column filled with topsoil that received daily additions of 
simulated rainfall but no influent treatments 
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macropores had been partially clogged in these columns and thus effectively increased the 

micropore volume. The tensiometer data presented later tends to confirm this possibility. 
a 

Potassium: The highest concentrations of K were present in the aerobic sand filter effluent and the 

anaerobic STE (Table 7). The lowest level occurred in the filtrate from the control columns which 

received treatments of distilled water. Potassium levels tended to decrease after influent was passed 

through the soil columns, thus indicating that net adsorption was occurring. Chemical analysis of 

soil samples from the columns after completion of the experiment confirm this observation (see soil 

chemical analysis section). There were no differences in K concentrations in minespoil column 

effluents where either aerobic or anaerobic influent was used (orthogonal contrasts in Table 7). 

There was also no difference between K concentration present in minespoil or topsoil column 

effluents for either aerobic or anaerobic influent application. 

There was a significant dose rate by influent type interaction. The increase in K concentration 

where aerobic and anaerobic influent were applied can be described by quadratic functions (Table 

5). These functions indicate that 99% of the observed variation in K concentration in the column 

effluent could be attributed to influent application rate to soil columns. Although K* is 

monovalent, its concentration in soil solutions is low relative to exchangeable K* because of strong 

K* adsorption by layer silicate minerals (5). These data indicate that some K adsorption 1s oc- 

curring and that with increased application rates column effluent concentration is approaching 

column influent concentration. 

Calcium and Magnesium: Calcium and Mg concentrations were highest in the filtrate from the 

control columns, and lowest in the anaerobic STE and aerobic sand filter effluent (Table 7). The 

higher the rate of influent application, the lower the Ca and Mg concentrations present in the col- 

umn effluent, but column effluent remained higher than influent concentrations. There appeared 

to be an inverse relationship between the rate of application and the concentration of Ca and Mg 

in the column effluent. This may indicate the displacement of Ca and Mg from the exchange 
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Table 8. Concentrations of selected chemical parameters for influent and effluent for topsoil and 
minespoil columns 

  

  

        

  

        

                

Material Element (mg/L) 

Dose rate (ml) Na Cl Fe Al 

Column Effluent 

TS-A 
680 137 466 0.037 0.080 
1360 295 670 0.048 0.061 
2720 338 719 0.046 0.085 

MS-A 
2720 352 762 0.060 0.048 

TS-AN 
680 137 447 0.042 0.087 
1360 254 598 0.061 0.100 
2720 322 674 0.061 0.054 

MS-AN 
2720 357 718 0.083 0.048 

Control 14 44 0.029 0.188 

Column Influent 

Aerobic 415 762 0.063 0.053 

Anaerobic 407 768 0.141 0.038 

women nena nana enen ee F value-------------------- 
Orthogonal Contrasts: 
MS-A vs MS-AN NS NS NS NS 
TS-A vs MS-A NS NS NS NS 
TS-AN vs MS-AN NS NS NS NS 
  

TS-A Column filled with topsoil that recerved aerobic influent 
MS-A Column filled with minespoil that received aerobic influent 
TS-AN Column filled with topsoil that received anaerobic influent 
MS-AN Column filled with topsoil that received anaerobic influent 
Control Column filled with topsoil that received daily additions of 
simulated rainfall but no influent treatments 
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complex by other cations present in the influent, primarily Na*, with the Ca?* and Mg?* concen- 

trations in the column effluents that received the highest influent application rate gradually ap- 

proaching the influent concentration. There were no differences in Ca and Mg concentration in 

column effluents when minespoil was contrasted with topsoil or when aerobic influent was con- 

trasted with anaerobic influent (Table 7). 

There was a significant dose rate by influent type interaction for both Ca and Mg. The increase in 

Ca concentration where aerobic and anaerobic influent was applied can be described by quadratic 

functions (Table 5). For Mg, there was a quadratic relationship between influent application and 

Mg concentration in the effluent for aerobic influent and a linear relationship for anaerobic influent. 

These functions indicate that 99% of the observed variation in Ca and Mg concentration in the 

column effluents could be attributed to influent application rates to the columns. This may be due 

to the higher loading rates having shorter retention times and therefore less Ca and Mg being dis- 

placed by Na and other cations in the influent or to the equilibrium of Ca?* and Mg?* in soil sol- 

ution approaching the influent concentration. 

Sodium: The highest concentrations of Na were present in the aerobic sand filter effluent and in 

the anaerobic STE (Table 8). The lowest level of Na was present in the filtrate from the control 

columns. This is the inverse observed for Ca, and Mg, but similar to the observations for K*. 

Reductions in Na concentrations occurred when influent was passed through the soil columns. 

Some of these reductions were apparently due to displacement of Ca and Mg from the exchange 

complex by Na. The level of reduction decreased with increasing influent application. The 

orthogonal contrasts produced no significant differences (Table 8). 

There was a significant dose rate by influent type interaction for the topsoil. The increase in Na 

concentration where aerobic and anaerobic influent were applied can be described by quadratic 

functions (Table 5). These functions indicate that 99% of the observed variation in Na concen- 

tration in the column effluent could be attributed to influent application rate to the topsoil columns. 

The Na concentrations were higher in the column effluent where influent was applied at the higher 
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rate of application. This indicates that adsorption sites were being saturated more rapidly at the 

higher application rate and subsequently the column effluent concentration was approaching the 

influent concentration. 

Iron: The highest concentrations of Fe were present in the anaerobic STE and was reduced by 55% 

when STE was passed through the sand filter (Table 8). The effluent from minespoil columns re- 

ceiving anaerobic influent also tended to be higher than columns that received aerobic influent. 

The lowest concentration of Fe occurred in the filtrate from the control columns. The levels of 

Fe tended to decrease when influent was passed through the soil columns, and particularly at lower 

application rates. This tendency, however, was not statistically significant as indicated by the 

orthogonal contrasts (Table 8). The reduction in Fe concentration may have been due to the for- 

mation of relatively insoluble compounds. The anaerobic STE was the only reading that exceeded 

0.1 mg/L, the maximum Fe concentration recommended to prevent reddish-brown staining of 

laundry, fountains, and plumbing fixtures (70). 

Aluminum: The highest levels of Al were recorded in the filtrate from the control columns, whereas 

the lowest levels were recorded in the anaerobic STE (Table 8). The higher Al concentrations in 

the effluent from the control columns is expected because of the lower pH present in the soil. There 

was a general trend of increased Al concentration after influent passed through the soil columns, 

possibly due to displacement by other cations. The orthogonal contrasts produced no significant 

differences (Table 8). 

Biological Analysis 

The column effluent was also analyzed for several biological parameters. These included fecal 

coliforms as well as antbiotic-resistant E. coli and bacteriophage T-1 which had been introduced 

into the soil columns. Many bacteria and viruses pose a significant public health threat. Therefore, 
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both their presence, as well as their fate and transport were analyzed. These results are presented 

in Tables 9 - 14 and Figure 4. 

Fecal coliforms: Coliform bacteria are not normally considered disease organsims, but are often 

analyzed as an indicator of fecal contamination or sewage pollution. The presence of fecal coliform 

in drinking water generally indicates fresh and possibly dangerous pollution (70). The highest level 

of fecal coliforms were present in the anaerobic STE followed by the aerobic sand filter effluent 

(Table 9). The concentration of fecal coliforms was reduced by 96% when the anaerobic STE was 

passed through the sand filter. Even in the absence of a sand filter, fecal coliforms in anaerobic 

influent were reduced from 97 to nearly 100% after passage through minespoil and topsoil columns, 

respectively (Table 9). The number of organisms decreased steadily in both the STE and sand filter 

effluent throughout the four month period of the study (Table 10). Reductions were also observed 

in most of the topsoil and minespoil columns over the 4 months of sampling dates (Tables 11,12). 

The topsoil column which received 2720 ml of anaerobic influent had a very high mean reading in 

July (Table 12) where the column effluent actually had a higher concentration of fecal coliforms 

than the anaerobic influent. In general, though, there was a decline in fecal coliform concentration 

over time (Tables 10,11,12). During the final month of sample collection, 100 percent of the 

coliforms in the anaerobic STE were removed by the sand filter (Table 9). This is most likely at- 

tributable to the formation of a biological mat in the upper portion of the sand filter. The steady 

decrease in fecal coliform concentrations in the anaerobic STE over the four month period (April 

- July) may have been related to higher STE temperatures with warmer weather. The warmer 

weather may have increased the population of antagonistic organisms in the septic tank, thereby 

increasing competition for limited food sources and ultimately reducing the population counts of 

fecal coliforms. The reduction in organisms over this time period in topsoil and minespoil column 

effluent, and sand filter effluent may have also been a result of development of a biological mat thus 

providing a more effective biological filter with time. The impact of these two components cannot 

be separated in this experiment. 
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The minespoil column effluent which received anaerobic influent had higher concentrations of fecal 

coliforms than effluent from columns that received aerobic influent (orthogonal contrasts, Table 

9). This is probably related to the much lower numbers of fecal coliforms present in the aerobic 

influent as compared to anaerobic influent. Fecal coliform numbers were 24 times higher in the 

anaerobic influent (Table 9). The orthogonal contrasts also show that there were no differences in 

fecal coliform concentrations between topsoil and minespoil column effluents where either aerobic 

or anaerobic influent was applied. This indicates that the minespoil columns were relatively as ef- 

fective as the topsoil columns in reducing the number of fecal coliforms in the column effluent. 

However, more organisms were present in effluent from minespoil columns where anaerobic influ- 

ent was applied. 

There was a significant dose rate by influent type interaction. The increase in fecal coliforms where 

aerobic and anaerobic influent were applied can be described by quadratic functions (Figure 4). 

These functions indicate that 99% of the observed variation in fecal coliforms in the column 

effluent can be attributed to increased influent application to the topsoil columns (Figure 4). Figure 

4 shows that very high levels of fecal coliforms were associated with the 2720 ml] anaerobic influent 

application rate compared to all other topsoil influent rates. It is apparent that decreased retention 

times associated with the higher loading rates allowed fewer fecal coliforms to be retained in the 

columns at these elevated rates. This would primarily be associated with the reduced retention time 

or enhanced flow through preferential flow paths. This study demonstrates that fill material can 

effectively retain and filter fecal coliforms and provide for adequate purification of STE. The topsoil 

and minespoil fill materials, along with the sand filter, were therefore quite effective at removing 

fecal coliforms from STE, provided unsaturated conditions are maintained. 
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Table 9. Fecal coliform concentrations for influent and effluent for topsoil and minespoil columns and 
reduction in organisms 

  

  

    

  

    

          
  

Material Aerobic effluent Anaerobic effluent 

Dose rate (ml) Organisms/ml Reduction (%)| Organisms/ml Reduction (%) 

Column Effluent 

Topsoil 

680 1 99.9 180 99.7 
1360 90 96.9 220 99.7 
2720 220 92.6 930 98.7 

Minespoil 

2720 190 93.4 2300 96.7 

Control 0 -- -- -- 

Column Influent 

Influent 2900 95.9 70,300 -- 

wan nn ener nn nseeeene- F value-------------------- 
Orthogonal Contrasts: 
MS-A vs MS-AN 16.89** 
TS-A vs MS-A NS 
TS-AN vs MS-AN NS 
  

Anaerobic influent - septic tank effluent 
Aerobic influent - effluent from a sand filter where the above anaerobic 
influent is used as the sand filter influent. 
Control - Columns filled with topsoil which received daily simulated 
rainfall additions but no influent treatments 
TS-A Topsoil column which received aerobic influent 
TS-AN Topsoil column which received anaerobic influent 
MS-A Minespoil column which received aerobic influent 
MS-AN Minespoil column which received anaerobic influent 
** significant at alpha = 0.01 
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Table 10. Fecal coliform concentrations and reduction in organisms over time after passing through a 
sand filter 

  

  

  

      

Date Anaerobic influent Aerobic influent 

(Month) colonies/ml colonies/ml reduction (%) 

April 120,267 6,300 94.7 

May 61,333 1,340 97.8 

June 16,000 250 98.4 

July 1,300 0 100   
  

Anaerobic influent - septic tank effluent 
Aerobic influent - effluent from a sand filter where the above anaerobic 
influent is used as the sand filter influent 
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Table 11. Reduction in fecal coliform concentrations over time after passing aerobic influent through 
soil columns 

  

  

  

Material Reduction (%) 

Dose rate (ml) April May June July 

Topsoil 
680 99.9 100 100 100 
1360 97.8 90.4 100 100 
2720 93.1 88.2 100 100 

Minespoil 
2720 94.6 89.9 48 100           
  

Aerobic influent - effluent from a sand filter where anaerobic STE is 
used as the sand filter influent. 
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Table 12. Reduction in fecal coliform concentrations over time after passing anaerobic influent through 

  

  

  

Material Reduction (%) 

Dose rate (ml) April May June July 

Topsoil 
680 99.6 99.3 100 100 
1360 99.6 99.3 99.8 100 
2720 99.4 98.9 99.4 + 127 

Minespoil 
2720 98.8 94.6 75 75           
  

Anaerobic influent - septic tank effluent 
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Tracer E. coli: The results of the antibiotic-resistant E. coli study are presented in Table 13. There 

was a general decline in the number of colonies over the seven day sampling period. The highest 

coliform counts were recorded from the columns which received the highest rates of anaerobic 1n- 

fluent. By day seven, the colony count was negative for the lowest and highest topsoil treatment 

columns which received aerobic influent, as well as for the low and medium topsoil treatments 

which received anaerobic influent. The highest anaerobic influent rates applied to both the topsoil 

and minespoil columns were still relatively high for labelled bacteria at the end of the seven day 

period. There appeared to be a direct relationship between influent application rate and coliform 

concentration in effluent from the topsoil columns. This would agree with the fecal coliform data 

and indicates enhanced travel distances at higher application rates. The test was carried out beyond 

the seven day time period, but the nalidixic acid had become ineffective after day seven, therefore 

nullifying our results after this date. The tracer E. coli study indicates that most of the bacteria from 

the columns receiving aerobic influent did not survive beyond day seven. This may have been due 

to dilution, soil filtration, sedimentation, adsorption, dieoff, or a combination of these factors 

(82,64,85,74). For the columns which received anaerobic STE at the low and medium treatment 

rates, the bacteria did not survive beyond day seven. These data demonstrate that a sand filter or 

low to medium treatment rates can effectively control the fate and transport of bacteria, and that 

appropriate setback distances for wells can prevent contamination of drinking water supplies by 

requiring transport times that are longer than the bacterial survival time. 

Tracer bacteriophage: The transport and survival of phage T-1 is shown in Table 14. Four days 

after the labelled viruses were introduced into the soil columns, all of the topsoil and minespoil 

columns receiving aerobic influent were negative. Eleven days after the labelled viruses were in- 

troduced, all of the topsoil and minespoil columns receiving anaerobic influent were negative for 

the labelled virus. The survival time of the viral organisms was therefore only four days in the soil 

columns receiving aerobic treatments, and eleven days in the soil columns receiving anaerobic STE, 

after which the processes of soil adsorption and organism dieoff prevented any viruses from being 
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Table 13. Transport of tracer £. coli through columns of fill material 

Material Sampling day from date of introduction (cfu/ml) 
Rate 

Rate Initial 
(ml) Concentration Day 1 Day 2 Day 3 Day 4 Day 7 

TS-A 
680 2.94x 104 0.76 0.76 0.26 0.26 0.0 
1360 2.21x105 > 2.0 > 2.0 > 2.0 > 2.0 0.1 
2720 2.26x105 > 2.0 > 2.0 > 2.0 > 2.0 0.0 

MS-A 
2720 2.06x 105 > 2.0 > 2.0 > 2.0 > 2.0 0.1 

TS-AN 
680 2.06x 105 ll 1.5 1.5 0.8 0.0 
1360 2.55x 106 > 2.0 > 2.0 > 2.0 > 2.0 0.0 
2720 2.45x 108 > 2.0 > 2.0 1.1 1.8 > 2.0 

MS-AN 
2720 2.45x 106 > 2.0 > 2.0 > 2.0 > 2.0 > 2.0 

TS-A Column filled with topsoil that received aerobic influent 
MS-A Column filled with minespou that received aerobic influent 
TS-AN Column filled with topsoil that received anaerobic influent 
MS-AN Column filled with minespoil that received anaerobic influent 
> 2.0 - Indicates maximum number of cfu that could be accurately 
determined per 50 ml! sample (100 cfu/50 ml) 

Results and Discussion 38



detected in the column effluent. The assay of viral organisms demonstrates the effectiveness of a 

sand filter as well as controlling the influent application rate in regulating the fate and transport of 

viruses, and that appropriate setback distances for wells can prevent contamination of drinking 

water supplies. These data indicate that pretreatment to produce aerobic influent will greatly reduce 

the survival time in soil systems. It also demonstrates that tracer organisms can be effectively used 

to determine the fate and transport of viruses in wastewater disposal systems since the bacteria 

tended to survive longer than the viruses. 

Physical characterizations 

The physical characteristics of the topsoil and minespoil materials were examined after influent 

application was terminated. These analyses included particle size analysis, bulk density, hydraulic 

conductivity, and moisture retention capacity. This data is presented in Tables 15 - 19 and Figure 

5. 

Particle size analysis: The topsoil and minespoil material in the soil columns, along with the 

stockpiled sources of fresh topsoil and fresh minespoil, were analyzed to determine the percent sand, 

silt, and clay (Table 15). The fresh source of topsoil had the lowest percentage of sand (33.8%), 

while the fresh source of minespoil had the highest (56.3%). The highest percentage of silt was 

found in the fresh topsoil material (51.7%), while the lowest was in the fresh minespoil (32.2%). 

Clay composed a smaller percent of the soil material than either sand or silt. The fresh topsoil 

contained 14.5% clay, while the fresh minespoil contained 11.5% clay. During the period of in- 

fluent application, there was a trend for the topsoil material in the columns to increase in percent 

sand, decrease in percent silt, and remain about the same for percent clay. The minespoil layers 

underlying the topsoil tended to decrease in sand, increase in silt, and increased slightly in clay rel- 

Results and Discussion 59



  

  

  

                
  

Table 14. Transport of phage T-1 through columns of fill materials. 

Material Sampling day from date of introduction (pfu/ml) 
Rate 

Rate Initial 
(ml) Concentration Day 1 Day 2 Day 4 Day 7 Day 11 

TS-A 
680 1.47x104 0 0 0 0 0 
1360 1.10x108 60 0.1 0 0 0 
2720 1.13x105 110 0.8 0 0 0 

MS-A 
2720 1.13x105 > 200 0.1 0 0 0 

TS-AN 
680 1.03x105 0.1 0 0 0 0 
1360 1.27x 105 100 5.5 0.1 0.1 0 
2720 1.23x 108 100 6.3 0.3 0.3 0 

MS-AN 
2720 1.23x10§ > 200 6.3 0.3 0 0 

TS-A Column filled with topsoil that received aerobic influent 
MS-A Column filled with minespoil that received aerobic influent 
TS-AN Column filled with topsoil that received anaerobic influent 
MS-AN Column filled with minespoil that received anaerobic influent 
> 200 - Indicates maximum number of pfu that could be accurately 
determined for 50 ml sample (1000 pfu /50 ml) 
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ative to the fresh source of minespoil. This change may indicate the movement of silt from the 

overlying topsoil into the underlying minespoil layers. The minespoil column that received aerobic 

influent had a particle size distribution at the end of the study period that was similar to the 

minespoil layers while the minespoil column that received anaerobic influent was similar in particle 

size analyses to the fresh minespoil (Table 15). Apparently silt and clay was dispersed and trans- 

ported into the sampling zone where aerobic influent was applied. It is not obvious why aerobic 

influent changed the particle size analysis. Analysis II (minespoil column material versus the 

minespoil layers from the highest treatment columns) showed that the percent sand in the minespoil 

layer was lower than the percent sand in the minespoil columns. This was also indicative of the 

increased silt content in the minespoil layer from the overlying topsoil. Neither the percent silt nor 

the percent clay showed any changes in content. The higher clay and silt content in the topsoil 

versus the minespoil probably account for some of the difference in ion concentrations observed 

between the topsoil and minespoil column effluents. 

Bulk density: The bulk density measurements for the minespoil and topsoil materials are presented 

in Table 16. Material from the minespoil columns and the minespoil layers from the topsoil col- 

umns had a higher total bulk density than the topsoil columns. The coarse fragment bulk density 

had less mean variation than total bulk density and no differences were found with respect to 

treatment. The fine fragment bulk density tended to be higher in the minespoil materials and the 

minespoil layers underlying the topsoil. Analysis I (topsoil versus minespoil layer) revealed the 

minespoil layer to have a significantly higher total bulk density than the overlying layer of topsoil. 

The coarse fragment bulk density had no significant differences for analysis I, but the fine fragment 

bulk density showed the minespoil layer to have a significantly higher bulk density than the topsoil. 

Analysis II (minespoil column material versus the minespoil layers from the highest treatment col- 

umns) showed no significant differences. Apparently the overlying topsoil did not significantly alter 

the bulk density of the minespoil layer. These bulk density tests have demonstrated that hydrau- 
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Table 15. Particle size analysis of materia! in soil columns 

  

Material - treatment 

  

            

Dose rate (ml) % Sand % Silt % Clay 

Topsoil-TS 
0 39.8 45.4 14.9 
680 - A 38.7 46.3 15.1] 
680 - AN 39.6 43.6 16.9 
1360-A 40.2 45.5 14.5 
1360 - AN 39.3 47.1 13.7 
2720-A 38.0 46.2 15.9 
2720 - AN 46.3 41.3 12.5 

Minespoil layer-MSL 
0 38.7 46.6 14.8 
680 -A 39.6 45.2 15.2 
680 - AN 38.7 46.2 15.2 
1360-A 40.5 45.1 14.5 
1360 - AN 39.4 45.0 15.7 
2720-A 38.7 45.5 16.0 
2720 - AN 39.0 43.1 18.1 

Minespoil-MS 
2720-A 38.8 44.4 16.9 
2720 - AN 56.0 33.9 10.2 

Fresh Material 
topsoil 33.8 51.7 14.5 
muinespoil 56.3 32.2 11.5 

woe cen enn nnnnn-nen == F value-------------------- 
GLM TS vs MSL NS NS NS 
Contrasts: 
TS-A vs TS-AN NS NS NS 
MSL-A vs MSL-AN NS NS NS 
TS vs MSL NS NS NS 
TS Control vs TS NS NS NS 
MSL Control vs MSL NS NS NS 
GLM MSL vs MS 297 .22** NS NS 
  

AN - anaerobic septic tank effluent 
A - aerobic effluent from a sand filter where the above anaerobic 
effluent is used as the sand filter influent 
TS - topsoil layer overlying minespoil in the soil columns 
MS - minespoil from soil columns containing only minespoil 
MSL -minespoil layer underlying topsou in the soil columns 
Fresh Material - fresh soil material from stockpiled source of 
topsoil and minespoil 
* ** significant at alpha= 0.05 and alpha = 0.01 respectively 
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lically saturating columns of fill material can provide a satisfactory bulk density for adequately 

treating wastewater. 

Hydraulic conductivity: Two types of saturated hydraulic conductivities were performed on the soil 

material. The first used material (including the minespoil layers) collected directly from the soil 

columns or from the stockpiled sources of fresh topsoil and fresh minespoil. The second utilized 

material from columns that received the higher rate of anaerobic influent application for both 

topsoil and minespoil which had undergone three wetting and drying cycles. The results of the first 

test are shown in Table 17. Material from the minespoil columns had the highest hydraulic 

conductivities. These values were 0.49 cm/hr for the anaerobic treatment, and 0.80 cm/hr for the 

aerobic treatments as compared to an average of 0.18 cm/hr in the minespoil layers. These readings 

translate to permeability ratings of slow to moderately slow and moderately slow to moderate in 

the minespoil and slow permeability in the minespoil layers of the topsoil columns. The majority 

of the other readings from the topsoil and minespoil layers had a slow permeability rating. These 

results indicate that hydraulically saturating fi] material can compact the soil adequately for proper 

filtration of wastewater without ponding occurring on the soi surface. This will allow the 

wastewater to be passed through at a rate slow enough to permit retention, adsorption, and 

filtration of chemical and biological contaminants to occur. The much lower hydraulic conductivity 

in the topsoil compared to the minespoil columns demonstrate why the wastewater renovation ca- 

pacity was much better in the topsoil columns than the minespoil columns. 

The second set of saturated hydraulic conductivity tests, conducted after wetting and drying cycles, 

yielded results which were not as consistent (Table 18). The saturated hydraulic conductivity in 

samples from topsoil columns were very low to nondetectable. For the minespoil samples, one of 

the samples did not transmit any water, while two of the minespoil samples would not hold water 

long enough to measure the saturated hydraulic conductivity. Apparently, over time, a process of 

silting-in had occurred with some of the columns, particularly in the topsoil columns. The reduced 
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Table 16. Bulk density of material in soil columns 

  

  

Material - treatment Total Coarse fragment Fine fragment 
Dose rate (ml) bulk density bulk density bulk density 

Topsoil-TS 

0 1.67 2.36 1.46 
680 - A 1.59 2.38 1.34 
680 - AN 1.5 2.41 1.30 
1360-A 1.73 2.42 1.44 
1360 - AN 1.64 2.39 1.50 
2720-A 1.54 2.35 1.38 
2720 - AN 1.58 2.39 1.40 

Minespoil layer-MSL 

          
  

0 1.75 2.31 1.61 
680 - A 2.09 2.31 2.03 
680 - AN 2.03 2.38 1.91 
1360 -A 1.25 2.35 1.75 
1360 - AN 1.75 2.33 1.63 
2720-A 2.02 2.48 1.85 
2720 - AN 1.96 2.49 1.82 

Minespoil-MS 

2720-A 2.04 2.23 1.96 
2720 - AN 1.91 2.44 1.61 

were een e ene enn none F value-------------------- 
GLM TS vs MSL 3.30* NS 3.02* 
Contrasts: 
TS-A vs TS-AN NS NS NS 
MSL-A vs MSL-AN NS NS NS 
TS vs MSL 30.55** NS 30.18** 
TS Control vs TS NS NS NS 
MSL Control vs MSL NS NS NS 
GLM MSL vs MS NS NS NS 
  

AN - anaerobic septic tank effluent 
A - aerobic effluent from a sand filter where the above anaerobic 
effluent is used as the sand filter influent 
TS - topsoil layer overlying minespoul in the soil columns 
MS - minespoil from soil columns containing only minespoil 
MSL - minespoi layer underlying topsoil in the soil columns 
* ** significant at alpha= 0.05 and alpha = 0.01 respectively 
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Table 17. Hydraulic conductivity of fresh material in soil columns 

  

Material - treatment 
hydraulic conductivity of 

  

Dose rate (ml) fresh material (cm/hr) 

Topsoil 

0 0.43 
689-A 0.12 
680- AN 0.16 
1360-A 0.16 
1360 - AN 0.31 
2720-A 0.27 
2720 - AN 0.28 

Minespoil layer 

0 0.17 
680-A 0.18 
680 - AN 0.20 
1360-A 0.17 
1360 - AN 0.16 
2720-A 0.20 
2720 - AN 0.17 

Minespoil 

2720-A 0.80 
2720 - AN 0.49 

Fresh material 

topsoil 0.24 
minespoil 0.22 

AN - anaerobic septic tank effluent 
A - aerobic effluent from a sand filter where the above anaerobic 
effluent is used as the sand filter influent 
Topsoil - Topsoil layer overlying minespoil in the soil columns 
Minespoil layer - Minespoil layer underlying topsoil in the soil columns 
Minespoil - Minespoil from soil columns containing only minespoil 
Fresh material - Fresh soil material from stockpiled source of 
topsoil and minespoil 
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infiltration rates were probably compounded by the extended drying periods which occurred in 

these columns. However, it is doubtful that subsurface soil conditions would dry to the extent that 

influent percolation would be impeded, as indicated by the tensiometers placed in columns which 

received regular applications of influent (see Tensiometer section). In the minespoil columns, large 

fissures or cracks tended to develop, thus preventing accurate measurements of saturated hydraulic 

conductivity. These data may indicate that under field conditions both zones of limited and en- 

hanced infiltration may occur. It is also doubtful that large fissures or cracks will develop to a 

substantial depth under field conditions. 

Moisture retention capacity: Moisture retention capacity was determined by the pressure plate 

apparatus (Table 19). This data was plotted to show the moisture retention curves (Figure 5). The 

results show that at all four potentials, topsoil held more water than minespoil. This difference 

increased as the potential increased. This indicates that there was a larger percentage of micropores 

in the topsoil and a larger percentage of macropores in the minespoil. All four potential readings 

show significantly higher levels of moisture in the topsoil than in the minespoil, indicating a longer 

period of moisture retention in the topsoil than the minespoil. This also substantiates some of the 

earlier observations that decreased pollutant concentrations in topsoil column effluents were due to 

diffusion of influent components in less concentrated soil solution present in smaller pores or en- 

hanced flow through macropores in the minespoil columns. 

Miscellaneous tests 

Three other tests were included in this project. They included tensiometers in the soil columns for 

determining the energy status of water in soil during the period of influent treatments, measuring 

the volumetric difference between column influent and effluent, and analyzing several soil chemical 
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Table 18. Hydraulic conductivity of material in soil columns after wetting/drying cycles 

  

Material - treatment 
hydraulic conductivity after 

Dose rate (ml) wetting/drying cycles (cm/hr) 
  

Topsoil 

2720-AN 1 0.05 
2720-AN 2 0.0 
2720-AN 3 0.0 
2720-AN 4 0.03 

Minespoil 

2720-AN 1 -- 
2720-AN 2 0.0 
2720-AN 3 0.38 
2720-AN 4 -- 

AN - anaerobic septic tank effluent 
A - aerobic effluent from a sand filter where the above anaerobic 
effluent is used as the sand filter influent 
l-rep 1 
2-rep 2 
3-rep 3 
4-rep 4 
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Table 19. Moisture retention data from soi] columns 

  

Moisture retention (%) 
  

  

          
  

Material 

Dose rate (ml) 0.01 MPa 0.03 MPa 0.5 MPa 1.5 MPa 

Topsoil - AN 

2720 31.07 21.77 12.05 10.59 

Minespoil - AN 

2720 29.39 20.13 10.68 9.25 

ane nnere enn esnene-- F value------------------- 
GLM 102.68** 30.16** 1640.09** 291.97** 
  AN - Anaerobic septic tank effluent 

** significant at alpha= 0.01 
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parameters after influent treatments had ceased. This data is presented in Tables 20 - 24, and Ap- 

pendix A, Table 26. 

Tensiometer: Tensiometer readings are shown in Table 20. Tensiometer readings from the shallow 

tensiometers in the control columns indicated that the matric potential was lower thus indicating 

drier soil conditions in the control columns. This is expected since the volume of liquid applied to 

the control was smaller than that applied to the other columns. The deep tensiometers in the 

topsoil columns showed that the control columns were drier than the rest of the columns and that 

the columns which received aerobic influent were drier than the columns which received anaerobic 

effluent. This would also help explain some of the differences in chemical concentrations present 

in topsoil column effluent described earlier where columns that received anaerobic effluent con- 

tained lower concentrations of components of interest in the column effluent. The shallow 

tensiometers also showed, as expected, a general trend of increased moisture content with increasing 

rates of influent application. These readings indicate that the vacuum pump effectively maintained 

unsaturated soil conditions, which was important for adequate purification of the effluent. 

Volumetric changes: The volume of column effluent was compared with the volume of influent 

24 h after the columns were dosed (Table 21). Measurements were taken a total of three times from 

the end of June to the end of July. Even though the control columns received 520 ml of distilled 

water per day, evaporation and absorption prevented any water from accumulating in the collection 

jars. However, it should be noted that before the evaporative demand became so high in the 

greenhouse effluent was collected from the control columns. There was a direct relationship be- 

tween the volume of influent applied and the volume of effluent retained in the columns or lost to 

evaporation. Although there were no differences between the topsoil and minespoil columns, in 

general more fluid passed through the minespoil columns during the 24 h period than through the 

topsoil. 
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Table 20. Tensiometer readings taken from soil columns 

  

  

  

          

Material Tensiometer reading (kPa) 

Dose rate (ml) deep (60 cm) shallow (30 cm) 

TS-A 
680 -96.97 -81.18 
1360 -97.97 -78.52 
2720 -96.63 -74.35 

MS-A 
2720 -- -60.18 

TS-AN 
680 -76.47 -89,35 
1360 -74.63 -72.02 
2720 -76.63 -68.02 

MS-AN 
2720 -- -61.68 

Control - 130.97 -136.18 

waren ener cereecee eee F value------------------- 
GLM 2.61* 4.30** 
Contrasts: 
TS-A vs TS-AN 4.56* NS 
MS-A vs MS-AN -- NS 
TS vs MS -- NS 
Control vs TS 11.07** 28.79** 
TS-A vs MS-A -- NS 
TS-AN vs MS-AN -- NS 
  

TS-A Column filled with topsoil that received aerobic influent 
MS-A Column filled with minespoil that received aerobic influent 
TS-AN Column filled with topsoil that received anaerobic influent 
MS-AN Column filled with minespoil that received anaerobic influent 
Minespoil columns had tensiometers only at a shallow depth 
Control - Columns filled with topsoil which received daily simulated 
rainfall additions but no influent treatments 
* significant at alpha = 0.05 
** significant at alpha= 0.01 
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There was a significant dose rate by influent type interaction. The increase in the percent effluent 

retained in the soil columns can be explained by a quadratic function where aerobic influent was 

applied and by a linear function where anaerobic influent was applied (Table 24). These equations 

indicate that more water was lost via evaporation at the higher rates of application as would be 

expected because of the higher water potential present in these columns. This experiment did in- 

dicate that the columns were transmitting influent proportional to the rate of application. 

SOIL CHEMICAL ANALYSIS 

An analysis of the soil chemical properties was performed after the influent treatments had ceased. 

The results of the soil chemical analysis are in Tables 22-23. The results of the Mn, Zn, Cu, and 

B analyses are in Appendix A, Table 26. 

pH: The pH of the minespoil layer present at the bottom of the topsoil column was higher than 

the overlying topsoil (Tables 22). Samples from the minespoil column had a higher pH than the 

minespoil layers which received equivalent rates of influent application. The fresh minespoil had 

an alkaline pH of 8.0, while the fresh topsoil had a more acidic pH of 4.8. Passing aerobic or 

anaerobic influent through the column lowered the pH in the minespoil columns and raised the pH 

in the topsoil columns. The minespoil layers had a lower pH than the minespoil column material, 

probably a result of the leaching of the more acidic components from topsoil. The pH of the 

topsoil increased as a result of application of the neutral to slightly alkaline pH of the aerobic sand 

filter effluent and anaerobic STE. These data show that the neutral pH of the influent was re- 

moving alkaline materials from the minespoil and acidic components from the topsoil. 

Results and Discussion 72



Table 21. Percent of influent and simulated rainfall not passed through soil columns in a 24 hr period 

  

  

  

        
  

Material Aerobic influent Anaerobic influent 

Dose rate (ml) Retention/Evaporation (%) Retention/Evaporation (%) 

Topsoil 

0 100 100 
680 50 46 
1360 28 36 
2720 20 16 

Minespoil 

2720 15 15 

woe nnnnenne en ee nee F value------------------- 
GLM 125.89** 
Contrasts: 
TS-A vs TS-AN NS 
MS-A vs MS-AN NS 
TS vs MS NS 
TS Control vs TS 783.13** 
TS-A vs MS-A NS 
TS-AN vs MS-AN NS 
  

Anaerobic effluent - septic tank effluent 
Aerobic effluent - effluent from a sand filter where the above anaerobic 
effluent is used as the sand filter influent 
** significant at alpha= 0.01 
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Table 22. Regression equations describing soil physical and chemical parameters as influenced by in- 
fluent type and dose rate 

  

  

Effluent Dependent 
Type Variable a#t by by R? 

Aerobic Volumes 84.0 -0.059 0.13x104 0.99** 
Anaerobic Volumes 56.0 -0.015 0.99** 

Aerobic P 12.0 0.002 0.99* 
Anaerobic P 13.0 0.002 0.99** 

Aerobic Ca 328 0.66 -0.18x10°3 0.99** 

Aerobic Mg 191 0.10 -0.25x104 0.99* 

Anaerobic Fe 55.64 -0.001 0.99* 

  

# Equations are in the form Y = a+ bX + X?, 
where Y is the volume of influent in ml or the elemental composition in 
mg/L and X is the rate of influent application. 

Volumes refer to the volumetric differences of column influent and 
effluent over a 24 hr time period. 

* **Indicate significance at alpha = 0.05 and 0.01, respectively. 
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Table 23. Soil chemical analysis of selected elements 

  

  

  

              

Material - treatment Element (mg/L) 

Dose rate (ml) pH P Ca Mg 

Topsoil-TS 
0 5.4 13 984 330 
680-A 5.5 14 696 248 
680 - AN 5.4 14 930 278 
1360-A 5.7 14 900 282 
1360 - AN 5.6 16 942 299 
2720-A 5.8 18 816 280 
2720 - AN 5.6 18 1002 299 

Minespoil layer-MSL 
0 5.6 12 660 235 
680 -A 5.8 13 642 226 
680 - AN 5.7 12 612 220 
1360-A 5.9 12 636 226 
1360 - AN 5.9 11 636 227 
2720-A 6.0 ll 606 219 
2720 - AN 6.0 11 558 198 

Minespoil-MS 
2720-A 7.7 59 912 290 
2720 - AN 7.3 58 1068 351 

Fresh Material 
topsoil 4.8 12 516 182 
minespoil 8.0 50 936 255 

weceneencnenennnenee F value-------------------- 
GLM TS vs MSL 4.28** 5.63** 27.99** 28.18** 
Contrasts: 
TS Avs AN NS NS 38.22** 35.15** 
MSL A vs AN NS NS NS NS 
TS vs MSL 25.78** 43.65** 282.87** 282.13** 
TS Control vs TS NS 7.42* 9.77** 37.53** 
MSL Control vs MSL NS NS NS NS 
GLM MSL vs MS 240.73** 2432.73** 114.80** 57.67** 
  

AN - anaerobic septic tank effluent 
A - aerobic effluent from a sand filter where the above anaerobic 
effluent is used as the sand filter influent 
TS - topsoil layer overlying minespoil in the soil columns 
MS - minespoil from soil columns containing only minespoil 
MSL - minespoil layer underlying topsoil in the soi columns 
Fresh Material - fresh soil material from stockpiled source of 
topsoil and minespoil 
* ** significant at alpha=0.05 and alpha = 0.01 respectively 
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Phosphorus: There was a direct relationship between influent application rate and extractable P for 

the topsoil column material (Table 22). The topsoil control column had a lower concentration of 

extractabble P than topsoil columns which had received influent treatments, a reflection of the high 

levels of P in the aerobic sand filter effluent and anaerobic STE. The material from the minespoil 

layers in the topsoil columns had a lower concentration of P compared with the overlying topsoil 

and a much lower P concentration than the minespoil column. This may be attributed to the en- 

hanced P leaching from the narrow minespoil layer which probably resulted from acidic compo- 

nents leached from the topsoil. This data confirms the observed P concentration in topsoil column 

effluent (Table 22). The soil material from the minespoil columns had a higher concentration of 

P compared to the underlying minespoil layers that received similar influent application rates. 

Again this probably results from leaching of acidic components from the overlying topsoil through 

the minespoil with subsequent removal of P. Organic matter associated with the topsoil may have 

also promoted leaching of P from the underlying minespoil layer. 

There was a significant dose rate by influent type interaction. The increase in P concentration 

where aerobic and anaerobic influent were applied can be described by linear functions (Table 24). 

The slope of these equations was the same where either aerobic or anaerobic influent was applied 

and showed that for each ml of influent application the concentration of extractable P from the 

tospoil in the columns would increase by 2x10?mg/g. 

Potassium: Potassium levels were higher in the topsoil relative to the underlying minespoil layer, 

a reflection of the higher levels of K in the fresh topsoil compared with the fresh minespoil (Table 

23). Potassium had accumulated in both the topsoil and minespoil layer from the influent appli- 

cations. This is consistent with the observed decrease in K* concentration in both the topsoil and 

minespoil column effluents. The material from the minespoil columns was lower in extractable K 

than the minespoil layers that received similar application rates, possibly indicating the migration 

of K from the topsoil overburden into the minespoil layer. The extractable K* data supports the 

results from the column effluents indicating that K was being accumulated in the columns. 
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Table 24. Soil chemical analysis of selected elements 

  

  

  

          
  

Material - treatment Element (mg/L) 

Dose rate (ml) K Fe Al 

Topsoil-TS 
0 56 48.66 129.34 
680-A Sl 48.12 121.26 
680 - AN 54 51.80 131.44 
1360-A 55 46.14 128.32 
1360 - AN 53 48.28 109.56 
2720-A 56 41.20 124.52 
2720 - AN 54 40.61 123.50 

Minespoil layer-MSL 
0 53 43.20 121.36 
680-A 49 44.20 108.16 
680 - AN 50 45.64 108.72 
1360-A 50 41.84 111.62 
1360 - AN 49 43.80 109.56 
2720-A 50 39.04 105.92 
2720 - AN 46 40.97 101.28 

Minespoil-MS 
2720-A 38 56.24 102.80 
2720 - AN 34 57.26 97.16 

Fresh Material 
topsoil 51 64.24 129.64 
minespoil 37 63.24 92.40 

wa cen eee ennnnnnneeee F value-------------------- 
GLM TS vs MSL 5.24** NS 7.31** 
Contrasts: 
TS Avs AN NS NS NS 
MSL A vs AN NS NS NS 
TS vs MSL 41.78** 5.79* 73.27** 
TS Control vs TS NS NS NS 
MSL Control vs MSL 8.70* NS 11.44** 
GLM MSL vs MS 42.72** 7.67* NS 
  

AN - anaerobic septic tank effluent 
A - aerobic effluent from a sand filter where the above anaerobic 
effluent is used as the sand filter influent 
TS - topsoil layer overlying minespoil in the soil columns 
MS - minespoil from soil columns containing only minespoil 
MSL - minespoil layer underlying topsoil in the soil columns 
Fresh Material - fresh soil material from stockpiled source of 
topsoil and minespoil 
* ** sionificant at alpha= 0.05 and alpha = 0.01 

Results and Discussion 77



Calcium and Magnesium: The topsoil columns receiving anaerobic influent had a higher concen- 

tration of extractable Ca and Mg than the topsoil columns receiving aerobic influent (Tables 22). 

The topsoil control columns were higher in Ca and Mg compared to the columns that received 

influent primarily due to displacement of Ca and Mg by ions in the influent such as Na. The 

topsoil material had a higher Ca and Mg concentration than the underlying minespoil layer. This 

may be partially due to the greater adsorption of Ca and Mg in the overlying topsoil relative to the 

underlying minespoil layer because of the higher cation exchange capacity in the topsoil. The ma- 

terial from the minespoil columns was higher in Ca and Mg than the layers of minespoil underlying 

the topsoil which had received similar influent treatments. This is possibly due to the diffultly 

soluble Ca compounds that form with phosphate at high pH, which was true of the material from 

the minespoil columns (5). It also may be a reflection of the larger amount of influent which passed 

through the smaller volume of minespoil in the underlying minespoil layer relative to the minespoil 

in the minespoil columns, thus causing a greater displacement of Ca and Mg in the minespoil layer 

by other cations in the effluent. This may also be partially due to the close proximity of the influent 

distribution system to the topsoil layer and the tendency for Ca and Mg to be adsorbed by soil 

particles. 

There was a significant dose rate by influent type interaction for Ca. The decrease in Ca concen- 

tration where aerobic influent was applied can be described by a quadratic function (Table 24). 

There were no significant linear or quadratic relationships for Ca present in the soil columns where 

anaerobic or aerobic influent was applied. 

There was also a significant dose rate by influent type interaction for Mg. The decrease in Mg 

concentration where aerobic influent was applied can be described by a quadratic function (Table 

24). There was no significant linear or quadratic relationships for Mg present in the soil columns 

where anaerobic influent was applied. 

Iron: The extractable Fe content of the topsoil columns was inversely related to the rate of appli- 

cation (Table 23). The topsoil columns had a higher concentration of Fe compared with the layer 
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of minespoil underlying the topsoil. The material from the minespoil columns had a higher Fe 

content than the minespoul layers with similar influent treatments. The stockpile of fresh minespoil 

and topsoil tended to have extractable Fe concentrations that were higher than any of the material 

in the soil columns. Thus indicating that Fe was being lost from the system which agrees with the 

column effluent data. 

There was a significant dose rate by influent type interaction. The increase in Fe concentration 

where anaerobic influent was applied can be described by a linear function (Table 24). There was 

no significant linear or quadratic relationship for Fe present in the soil columns where aerobic in- 

fluent was applied. Applying influent to the soil material in the column tended to decrease the 

concentration of Fe. This data indicates that approximately 1x10--mg of Fe per g of soil was being 

lost from the system with each ml of influent applied. 

Aluminum: The topsoil column material had a higher Al concentration than the minespoil layers 

underlying the topsoil (Tables 23). This was likely the result of the relatively high Al content in the 

fresh topsoil relative to the fresh minespoil. The control column of the minespoil layer had a higher 

concentration of Al compared to the rest of the minespoil layer columns. Apparently Al was re- 

leased or displaced by applying influent to the topsoil columns. This would be expected since the 

influents applied to the soil columns were alkaline and had a low Al concentration. 
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Conclusions 

The purpose of this study was to examine alternative OSWTDS technologies for their applicability 

to treating wastewater in fill materials with respect to both removal of biological and chemical 

contaminants and hydraulic performance. 

Nitrogen and P were two of the more important chemical parameters examined. Nitrate-N com- 

prised > 71% of the total inorganic N from columns which received anaerobic STE, and > 97% 

of the total inorganic N from columns which received aerobic effluent. This is expected since there 

was a much higher concentration of NO} - N in the aerobic influent. Ammonium-N concentration 

decreased when effluent was passed through the soil columns, a result of NH? - N being nitrified. 

The TKN analysis indicated that most of the TKN was actually in the form of NH -N. With 

regards to N, the concentration of total inorganic N was reduced from 15 to 60% after the effluent 

was passed through the soil columns. There was a general trend of higher denitrification rates oc- 

curring in columns receiving anaerobic STE, possibly due to a greater availability of carbonaceous 

material in anaerobic STE. Denitrification rates were estimated to range from 15 to 37%. How- 

ever, the potential impact of N on ground and surface waters will need to be controlled through 

housing density. 

Conclusions 80



The concentration of P was reduced 74 to 99% after passing through the topsoil columns, but only 

47% after passing through the columns containing only minespoil. The high levels of P in the 

minespoul column effluent was probably due to the high levels of P in the minespoil material. We 

can conclude that the topsoil columns were very effective at renovating wastewater in regards to 

P, while the minespoil was much less effective because of the large quantities of P and alkaline pH 

present in the minespoil. However, data indicates that minespoil upon oxidation may become a 

net fixer of P. 

In terms of the biological analyses, fecal coliforms were reduced from 96 to 100% when effluent 

passed through soil columns. Passing anaerobic STE through the sand filter reduced the fecal 

coliform concentration by 100% during the final month of the study, probably due to the formation 

of a biological mat. It can be concluded that both topsoil and minespoil columns, as well as the 

sand filter, were very effective at reducing the concentrations of fecal coliforms, and that their ef- 

fectiveness improved with time as the biological mat continued to develop. 

The use of anitibiotic resistant E. coli and phage T-1 indicated that bacteria did not survive in most 

of the columns beyond day 7, and that viruses did not survive beyond day 4 with columns receiving 

aerobic effluent, and beyond day 11 with columns receiving anaerobic effluent. The tracer 

organisms indicated that the survival time of bacteria and viruses can be controlled in topsoil when 

influent is applied at low rates of application, and in minespoil when influent is applied at low rates 

of application as well through the use of some type of pretreatment, such as a sand filter. This study 

demonstrated that topsoil and minespoil fill material can transmit effluent at a rate which will allow 

for adequate retention, adsorption, and dieoff of organisms to occur. 

The fill material from most of the columns was determined to have a slow permeability rating by 

measuring the saturated hydraulic conductivities. The saturated hydraulic conductivity data, along 

with the unsaturated soil conditions indicated by the tensiometer measurements, demonstrate that 

hydraulically saturating fill material can sufficiently compact the material to allow for adequate 

purification of wastewater, without effluent ponding on the soil surface. 
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This study indicates that OSWTDS can be placed in selected topsoil areas in reclaimed mined lands. 

It further indicates that at least 60 cm of unsaturated topsoil should be available for wastewater 

renovation. Minespoils were also effective at renovating wastewater, but may require pretreatment 

before application, a lower loading rate, a deeper unsaturated zone, or perhaps a combination of 

these factors. It is unknown how a conventional OSWTDS would perform in minespoil, although 

the removal of biological and chemical contaminants would probably not be as great as that of al- 

ternative OSWTDS. The results of this study will prove beneficial not only in designing a proto- 

type OSWTDS in reclaimed mined lands of southwest Virginia, but to other areas in the state where 

waste disposal in fill material may be an appropriate alternative, as well as throughout the central 

Appalachian region. 
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Table 25. Concentrations of selected chemical parameters for influent and effluent for topsoil and 
minespoil columns 

  

  

      

  

      

              

Material Element (mg/L) 

Dose rate (ml) EC Mn Zn 

Column Effluent 

TS-A 
680 2146 0.009 0.052 
1360 2713 0.023 0.036 
2720 2695 0.009 0.040 

MS-A 
2720 2785 0.044 0.069 

TS-AN 
680 1973 0.004 0.007 
1360 2524 0.748 0.040 
2720 2592 0.080 0.010 

MS-AN 
2720 2769 0.093 0.020 

Control 1670 0.011 0.017 

Column Influent 

Aerobic 2734 0.059 0.118 

Anaerobic 2935 0.028 0.024 

wan nnnnceeneneeeneee F value-------------------- 
Orthogonal Contrasts: 
MS-A vs MS-AN NS NS NS 
TS-A vs MS-A NS NS NS 
TS-AN vs MS-AN NS NS NS 
  

TS-A Column filled with topsoil that received aerobic influent 
MS-A Column filled with minespoil that received aerobic influent 
TS-AN Column filled with topsoil that received anaerobic influent 
MS-AN Column filled with topsoil that received anaerobic influent 
Control Column filled with topsoil that received daily additions of 
simulated rainfall but no influent treatments 
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Table 26. Soil chemical analysis of selected elements 

  

  

  

            
  

Material - treatment Element (mg/L) 

Dose rate (ml) Mn Cu Zn B 

Topsoil-TS 
0 21.9 1.894 2.5 0.130 
680 - A 23.1 1.979 2.1 0.126 
680 - AN 27.2 2.060 2.6 0.138 
1360-A 22.8 1.938 3.0 0.134 
1360 - AN 25.7 2.010 2.7 0.147 
2720-A 22.6 1.828 4.2 0.142 
2720 - AN 24.4 1.903 2.8 0.193 

Minespoil layer-MSL 
0 16.3 1.979 2.0 0.071 
680-A 23.0 1.778 1.9 0.096 
680 - AN 21.4 1.860 2.0 0.084 
1360-A 20.7 1.800 1.8 0.092 
1360-AN _ 22.4 1.771 1.7 0.100 
2720-A 17.6 1.737 1.8 0.105 
2720 - AN 16.0 1.696 1.8 0.105 

Minespoil-MS 
2720-A 43.3 2.795 4.5 0.138 
2720 - AN 46.7 2.635 3.9 0.156 

Fresh Material 
topsoil 21.3 2.255 2.7 0.092 
minespoil 43.0 2.249 3.0 0.109 

wannennnnneneeenneee F value-------------------- 
GLM TS vs MSL 5.51** 3.43* 2.92* 7.44** 
Contrasts: 
TS A vs AN 6.82* NS NS NS 
MSL A vs AN NS NS NS NS 
TS vs MSL 33.51** 19.65** 23.02** 81.52** 
TS Control vs TS NS NS NS NS 
MSL Control vs MSL — 6.72* 10.07** NS 6.71* 
GLM MSL vs MS 72.04** 103.27** 183.19** 35.10** 
  

AN - anaerobic septic tank effluent 
A - aerobic effluent from a sand filter where the above anaerobic 
effluent is used as the sand filter influent 
TS - topsoil layer overlying minespoil in the soil columns 
MS - minespoil from soil columns containing only minespoil 
MSL - minespoil layer underlying topsoil in the soil columns 
Fresh Material - fresh soil material from stockpiled source of 
topsoil and minespoil 
* ** significant at alpha=0.05 and alpha = 0.01 respectively 
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