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ABSTRACT 

Research continues to provide improved information about the 

toxicity of materials, their transport in soil, and the kinetics 

of detoxification that is most useful in evaluating alternative 

approaches for safely managing industrial wastes. The placement 

of industrial wastes into soil systems is a satisfactory manage-

ment approach if the material is nontoxic, if the soil has the 

capability of detoxifying the material, or if the soil prevents 

the material from entering the biosphere. Examples from the 

literature of successful applications of industrial wastes to 

soil are discussed. 

Introduction 

The disposal issues associated with industrial waste manage-

ment become more complex each year with the proliferation of 

materials and with increased knowledge of the behavior of 

materials in the environment. In recent years waste management 

* The information contained in this article was developed during 
the course of work under Contract DE-AC09-76SR00001 with the 
U.S. Department of Energy. 
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issues have been extensively discussed in the public arena 

(Litchfield ~ ~·, 1976; Epstein and Chancy, 1978; Maugh, 1979a 

and 1979b). The result has been improved legislation to control 

disposal of materials. This Legislation has defined the options 

available to industry for various classes of materi~ls. The most 

frequently used options are landfiLL, incineration, biological 

treatment 1n domestic sewage tr~atment plants, engineered 

repositories, deep we-ll disposal, or -land application. 

Improper waste management can have very significant impacts. 

To vividly demonstrate this statement, I only need to mention the 

words "Love Canal." The legislative ramifications of past 

actions of improper waste management are many. "Superfund11 is a 

legi3Lative approach to correct past mistakes where land was 

improperly used for waste management. Detailed regulations 

:ieve loped as a consequence of the Resource Conservat i·:>n and 

Recovery Act of 1976 are an attempt to prevent th~ improper 

disposal of materials i~ the future. 

In S?ite of the occasions where soil systems have been 

improperLy utilized as a waste management agent, soil systems can 

and should play an important role in management of a li1nited 

number of industrial wastes. This article discusses the 

legislative, econa~ic, and technical factors influencing the 

selection of soil as an alternative for disposal of i~dustrial 

wastes. 
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Legls lative 

The objective of waste management legislative action l3 to 

protect the environment and at the same time to provide guidance 

so that al1 companies withia an industry must meet the same 

disposal requirements. Numerous examples of local, state, and 

federal legislation could be quoted that are available for 

restricting indiscri:uinate waste :iisposal by industry. An 

extremely important example b the U.S. Resource Conservati·~n and 

Recovery Act of 1976. T'nis Act lS aimed at improving waste 

management of hazardous wastes. The Act defi~es hazardous wastes 

as "a solid waste, or combination of solid wastes which, because 

of its quantity, concentration, or physical, chemical, or 

infectious characteristics may: 

o cause, or significantly contribute to an increas~ Ln 

mortality or an i~'lcrease in serious irreversi~le, or 

incapacitating reversible illness, and 

o pose a substantial present or potential hazard to human 

health or the environment when improperly treated, stored, 

transported, iisposed of or otherwise managed. 

Hazardous waste for the purpose of this regulatiJn possesses one 

of the fotlo~ing characteristics: ignita~le, corrosive, 

reactive, or toxi:. 

The Act specified acceptable standards for surface 

impoundments or landfills for hazardous materials. These 

standards are developed to mi ni-ni z;e movement from the dj :;posal 
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site to the groundwater through the use of natural (soil) or 

artifi=ial barriers (man-made materials) and do not rely on soil 

properties other than permeability for retarding movement. 

The section of the Act discus;ing landfarming is give::t Ln 

Appendix A. Examples of hazardous wastes that are not generally 

acceptable for tandfar~ing are ignitable, corrosive, reactive, or 

mixtures of wastes that are not compati~le when mixed. Examples 

of hazardous wastes that are acceptable are those that can be 

made less hazardous or non-hazardous by bt.:)logi:al degradation or 

chemical reactions occurring in or on the soil. If an industrial 

waste is not classed as hazardous, the plant operator may di3pose 

of the waste using less stringent disposal practices than 

outlined in the Resource Conservation and Recovery Act of 1976. 

Economic 

In evaluating the alternative options for managing waste, 

industry will generally select the most cost-effective, all other 

factors being equal. Costs incurred in disposal are highly site 

specific (Barrier ~ ~·, 1978). The cost-effectiveness of 

via~le options is beyond the scope of t~is paper but is a 

:ritical step i~ the selection of the di;posal method by an 

i:1dustry. 

Technical 

The fact0rs influen:ing transport and plant availability of 

organic and i.:torganic wastes through soil and their inportance 
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have been discussed earlier in this book. The principal factors 

are soil pH, organic matter content, cation exchange capacity, 

rainfall patterns, temperature, aeration, time, soil permeability, 

and material to be disposed of. The interaction of these items 

and others has been used by Phillips and Nathwani (1977) to 

provide a tool for determining site suitability for the disposal 

of industrial wastes. 

Soil plays an important role when an industrial waste is 

placed in either a landfill or placed on the soil using a tech

nique called landfarming. The fate of industrial waste depends on 

the factors enumerated above. Landfarming reduces the potential 

for groundwater contamination more than the landfill technique 

because it reduces the quantity of material available for trans

port to the groundwater. In both cases the mobility and fate of 

the waste depends on the properties of the waste in relation to 

the soil properties enumerated above. Landfarming is particularly 

effective for wastes that are amenable to biodegradation into 

plant nutrients, humus, carbon dioxide, water, and ~nnocuous 

salts. The technique involves three basic steps: application of 

wastes onto or beneath surface soil, aerating the mixture of 

wastes and soil to provide conditions conducive for the multipli

cation of aerobic bacteria, and addition of amendments such as 

fertilizer to accelerate the decomposition process. Landfill is 

essentially placing the industrial wastes in trenches and covering 

them up. 
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Landfarming has been practiced by industry in areas where 

land is readily available. Materials that have been landfarmed 

include petroleum refinery sludges (Phung and Ross, 1979; 

Hudde1ston and Meyers, 1979; Overcash and Pal 1979; Raymond, 

Hudson and Jamison, 1979; Grove, 1978; Knowlton and Rucker, 1979; 

Huddelston, 1979), pharmaceutical wastes (Swan, 1979; King and 

Vick, 1978), vegetable wastes (Stephenson and Guo, 1977), dairy 

products (Pico, 1978; Watson, Peterson and Walker, 1978; Anon, 

1980), steel (Dawson, 1980), and chemicals (Rogers and Allen, 

1978; Overcash, ~ ~· 1979; Barrier, Faucett, and Henson, 1978). 

The petroleum industry has documented its experience with 

landfarming in the open literature more extensively than most 

others. Other industries are utilizing landfarming but generally 

describe the results in reports to regulatory agencies and their 

company's management. The experience in the petroleum industry 

over the past 25 years (Grove, 1978; Knowlton and Rucker, 1979; 

and Huddleston, 1979) has been good. The technique is preferred 

by the industry for the management of waste sludges and 

petroleum-containing solutions because of the minimum energy 

requirement for implementation and operation. The industry has 

considered and obtained data on decomposition rate, vegetative 

response, odor, and flammability. Application rates generally 

range from less than 200 barrels/year/acre to more than 600 

barrels/year/acre. The frequency of application of oily wastes 
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varies widely from only one applicati.:'n to a site to multiple 

applications as frequently as once per week. The decomposition 

rate is site specific but can be as high as 50% per year. Sub

surface samples indicate that if landfar:ning is operated correct

ly, neither heavy metals nor oil are very mobile. Trace metal 

analysis of vegetation gro".o7ing on ·:>iled areas is generally similar 

to control locations. Odor i3 reduced and mini::nal once the oily 

wast~ is blended ·;,rith the s·:>il. After the wastes are mixed with 

the soil they are generally not flammable. Modifications of the 

landfar11ing technique are under development. Rogers and At len 

(1978) discuss the experLuental di3posal pit for pesticides under 

investigation by C. V. Hall and his colleagues at Iowa State. TI1e 

?it prevents the movement of material i~to the water tables while 

a llo•;,ring l;>iodegradat ion of the mate cia l. This approach could be 

uti l iz:ed for a vari·aty of mobile, biodegradable materia ts that 

would other•;.rise be reqllired to be place:i in costly engineered 

Landfills. 

Another development, fixati,,n of materials, may result L:t 

land application of materials following alteration. Salas (1979) 

describes the use of chemical fi~ati'n and solidification to 

produce a nontoxic, environmentally safe material that can be used 

as landfill. Similar techniques have been used with waste from 

petrochenical, textile, automotive, steel, and chemical 

industrias. 
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An eKamp le from the pulp and paper industry provides a very 

positive note to close this presentation. Eberhardt, Le"wis, 

Scharp and Barton (1978) describe how a waste material became a 

product sold for its fertilizer value. To achieve this 

conversion required (l) eKtensille engineering developments to 

convert the wast·a into a commer::ially acceptable material, ( 2) 

detailed plant nutrient evaluation and testing, and (3) 

appropriate biologica-l safety tests. Tha initial condition was a 

sulfi.te pulp miLl in Pennsylvania landfi lling waste-activ·ated 

sludge from the secondary treatment of p{ant wastes. ~is wet, 

sti·::ky acti11ated sludge was 16 to 18% solids. Trucki.c1g thi,; wet 

material to the landfill caused cont~nuous housecleaning problems 

at the pi::kup point, along the road to the site, and at the site. 

The large amount of water at the landfill aggravated operating 

conditions by creating odor and leachate problems. Because the 

sludge had a significant nutrient value, a better solution was 

sought. 

The approach utilized by the Proctor and Gamble Paper 

Products Company included nutrient analyses, commer:ial market 

evaluation, grant-i~-aid to the Pennsylvani~ State Uni11ersity for 

agrono~ic testing, and engineering ev3luation for product 

development. The final result ii a 13.3 ton/day production rate 

of a u,iformly sized material ~ith uniform nutrient content that 

LS sold as a fertilizer. The heavy met~l content of the material 

lS tow as would be expected because the waste stream for the 
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treatment plant i:;; essentially from trees. The net cost to the 

company for a ~seful commodity is similar to landfill costs. 

Conclusions 

A number of options are available to industry for disposing 

of wastes. Landfarming is a viable and useful technique for 

disposing of a small fraction of industrial wastes. The waste 

materials best suited for landfarming are either inert or readily 

biodegrada~le to nontoxic material. Biodegradation is most 

effecti11e if the soil system remai:1s aerobi·:, the soil i.:; not 

frozen and the pH is greater than 6.5. Hazardous materials should 

only be landfarmed under very special situati<ms. Instead, they 

should be placed in repositories consistent with specifications 

for hazardous wastes -outlined i ~'l the U.S. Conservation and 

Recovery Act of 1976. Thesa repositories have low permea~ility 

materials to minimi7.e mobility of materials. 
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Appendix A 

U. S. Resource Conservation and Recovery Act 
(43 Fed. Reg. 59013) 

Sect. 250.41(46)- Landfarming of a Waste means application of 

waste onto land and/or incorporation into the surface soil, 

including the use of such waste as a fertilizer or soil 

conditioner. Synonyms include land application, land 

cultivation, land irrigation, land spreading, soilfarming, and 

soil incorporation. 

Sect. 250.45-5-Landfarms 

(a) Hazardous waste not amenable to landfarming. 

1. Ignitable waste 

2. Reactive waste 

3. Volatile waste 

4. Waste which is incompatible when mixed 

[Note: Exceptions are allowed.] (Where exceptions are allowed in 

these regulations, the burden of proof is on the owner/operator.) 

(b) General requirements 

1. A landfarm shall be located, designed, constructed, and 

operated to prevent direct contact between the treated area and 

navigable water. 
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2. A Landfarm shall be located, designed, constructed, and 

operated to ruinimize erosion, Landslides, and slumping in the 

treated area. 

3. A landfarm shall be Located, designed, constructed, and 

operated so that the treated are~ is at least 1.5 meters (5 feet) 

above the histori=al highwater table. [Note: exceptions 

allowed]. 

4. The treated area of a Landfarm shall be at least 150 

meters (500 feet) from any functioning public or private water 

supply or livestock water supply. Note: exceptions allowed if: 

U.) No direct contact wi 11 occur between the treated area of the 

landfarm and any functioning publi: or private water supply or 

Livestock water supply; 

(ii) No migration of hazardous constituents from the soil in the 

treated area of the landfill to any public or private water 

~upply or livestock water supply will occur; and 

(iii) A S·:>il monitoring system as spe:ified in Sect. 250.45-S(e) 

has been installed and is being adequately maintained. 

5. A landfarm shall be located on an area that has fine 

grained soils (i.e., more than half the soil parti:les are less 

than 73 ~icrons in size) which are one of the fo!lowing types, as 

defined by the Unified Soil Classificatbn System (ASTM Standard 

D 2487-69): OR-organic clays of medium to h-igh plasticity: 

CH-inorgani: clays of high plasti·:ity, fat clays; MH-horgani: 

silts, micaceous or diatomaceous fine sandy or silty soils, 
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elastic silts; CL-i~organi: clays of low to mediwn plasticity, 

gravelly clays, sandy clays, silty =lays, lean clays; OL-organic 

silts and organic silt-clays of low plasticity. [Note: 

exceptions allowed.] 

(c) Site preparation 

1. Surface slopes of a landfarm shall be less than 5%, to 

minimize erosi,:m itl the treated area by waste or surface runoff, 

but greater than 0% to prevent the waste or water from poniing or 

standing for periods that will cause the treated area to become 

anaerobic. [Note: exceptions allowed.] 

2. Caves, wells (other than acti~e monitoring wells) and 

other direct connect ions to the subsurface environment w.i. t~ in the 

treated area of a landfarm, or within 30m (100 ft) thereof, 

shall be sealed. 

3. Soil pH 1n the zone of incorporation shalt be equal to 

or greater than 6.5 [Note: exceptions allowed. 1 

(d) Waste application and incorporation 

1. Waste application and incorporation practices shall 

prevent the zone of incorporation from becomi~g anaerobic. 

2. Waste shall not be applied to the s~il when it is 

saturated with water. [Note: ex:ceptiJns allowed. 1 

3. Waste shall not be applied to the sail when the soil 

temperature i3 less than or equal to 0°C. 
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4. The pH of the sotl-waste mixture in the zone of 

incorporation shall be equal to or greater than 6.5 and 

maintained unti.L the time of facility closure. [Note: exceptions 

allowed.] 

5. Supplemental nitrogen and phosphorous added to the soil 

of the treated area, for the purpose of increasing the rate of 

waste biodegradation, shall not exceed the rates of application 

recommended for agricultural purposes by the U. S. Dept. of 

Agricultural Extension Servi:e. 

(e) Soil monitoring 

1. Background soil conditions shall be determined by taking 

one soil core per acre i~ the area to be treated. The depth of 

the s.:>i1 core shall be three times the depth of the zone of 

incorporation or 30 centimeters (12 it1ches), whi·:hever is 

greater. The bottom one third of the soil core shall be 

quantitatively analyzed for those constituents known or expected 

to be in the waste which mak~ it hazardous. At new fa:iiities, 

soil cores shall be taken and analyzed prior to beginni~g 

operation. At existing facilities, background soil cores shall 

be taken and analyzed withi:t six months after the effective date 

of these regulations. 

2. Soil conditions L~ the treated area of a landfarm shalt 

be deter11ined by taking one soil core per acre se-niannual.ly. The 

depth of the soil core shalt be three times the depth of the zone 

of incorporation or 30 centimet~rs (12 inches), w~ichever is 
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greater. The bottom one third of the soil core shall be 

quantitatively analyzed for the constituents in the waste which 

make it hazardous. [Note: exceptions allowed.] 

3. If soil monitoring shows that the concentration of a 

hazardous constituent in the bottom one third of the soil core 

has significantly exceeded the background levels established 1n 

accordance with paragraph (e)(l), the owner/operator shall: 

(i) Notify the Regional Administrator within seven days; 

(ii) Determine, by soil monitoring, the areal extent of vertical 

contaminant migration in the soil; and 

(iii) Discontinue all landfarming in the contaminated area, as 

determined in (ii), until corrective measures can be taken. 

(f) Growth of food-chain crops 

Food-chain crops shall not be grown on the treated area of a 

landfarm. 

(g) Closure 

1. A landfarm shall be designed and operated so that, by 

the time of closure, the soil of the treated area(s): 

(i) Is returned to its pre-existing condition, as established in 

paragraph (e)(l) if the facility began operation after 

promulgation of this requirement (i.e., a new facility). 

(ii) Is returned to equivalent pre-existing condition, as 

determined by soil analysis of similar local soils that have not 

had hazardous waste applied to them, if the facility began 

operation prior to the promulgation of this requirement (i.e., an 
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existing facility). Soil analysis of similar local soils shall 

not be required at existing facilities if background soil data 

are available and those data establish background conditions for 

the treated area(s). 

2. Soil of the treated area(s) of a new or existing 

facility that does not comply with paragraph (g)(l)(i) or (ii), 

respectively, shall be analyzed to determine whether it meets the 

characteristics of a hazardous waste as defined in Subpart A [43 

Fed. Reg. 58954]. In the event the soil is determined to be a 

hazardous waste, it shall be removed and managed as a hazardous 

waste in accordance with all applicable requirements of this 

Part. [Note: exceptions allowed.] 
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