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ANO REASONABLENESS 

The subject of this rulewak1ng is the proposed adoption by the Minnesota 

Pollution Control Agency (MPCA) of rules governing sewage s ludge management. 

- These rules are proposed for adoption pursuant the Minn. Stat. § 116.07, subd. 4 

(1981 Supp,) which authorizes the HPCA to adopt standards for sewage sludge. 

Ruletllak1ng on the proposed rules was authorized by the Agency on October 27 , 

1981. At the s- tl11e it aut~orized the initiation of rule,waking , the Agency 

found that the proposed adoption of the rules Is noncontroversial In nature and 

directed that the rule11aking proceedings be conducted In accordance with the 

statutory provisions governing the adoption of noncontroversial rules, Minn. 

Stat. § 15.0412, subd. 4h (1981 Supp. ) . Accordingly, the rulemaklng proceedings 

on the proposed rules are governed by that statute and no hearing will be con

ducted on the aooptlon of the rules unless, on or before January 27, 1981, seven 

or more persons sublllit to the Agency a written request for such a hearing. 

In accordance with the requiretnents of Minn. Stat.§ 15.0412, subd. 4h (1981 

Supp.), this document, the State111ent of Need and Reasonableness, was prepared 

- and COIIIPleted prior to the dates that the proposed adoption of the rules was 

noticed In the State Register. 
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The discussion provided in th is Statefflent Is divided into the following parts: 

Part I I . General Overview; 
Part I II. Need for the Proposed Rules; 
Part IV. Reasonableness of the Proposed Rules; 
Part V. Estimated Total Cost to Local Public Bodies to Implement the 

Proposed Rules. 
Part VI. Exhibit List. 

I I. GENERAL OVERVIEW 

A. Overvie-,, of Sewage Sludge Landspreading. 

In order to understand the need for and reasonableness of specific por tions 

of the proposed rules, It wil l be useful to have a general understanding of the 

principles of sewage sludge landspreading and the current status of sewage 

sludge disposal In Minnesota. 

Sewage sludge Is defined by Minn. Stat . § 115A.03, subd. 29 as "the solids 

and associated liquids in municipal wastewater which are encountered and con

centrated by a municipal wastewater treat11e11t plant .• These solids do not 

include grit or screenings-, wh ich are rea:>ved prior to prl111ry treatllel1t and . 
usually deposited at a landfill. 

Raw sewage arriving at the t reatment plant Is processed by various methods 

to achieve a high quality effluent and to condition the sewage sludge. The 

quality and characteristics of the sewage sludge will vary, depending on the 

treatment process and the cOllll)Ositlon of the raw sewage. Sewage sludge can be 

derived from both primary and secondary treatment processes. Primary sludge Is 

the result of the physical separation of the sewage solids fr0111 the liquids. 

Secondary sludge is se-,,age which has been altered by biological pr-ocesses so 

that the organic matter in the sewage is broken down by 111croorgan1sms. Both 

primary and secondary s ludges are considered unstablllzed and highly 

putrescible, and have a large viable pathogen populat ion. Before landspreading, 
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sewage sludge most be further treated to increase handling efficiency and 

decrease public health concerns (pathogens) and nuisance conditions (odors). 

Most sewage sludges are thickened to increase the solids content and there

fore reduce the handling costs. Sewage sludge is usually thickened to at least 

3% sol ids and SOffletlmes is dewatered to make a solid material that is 20% solids 

or 1110re. 

The population of pathogenic microorganisms and the level of volati le orga

nic substances can be reduced 1n a nUlllber of ways but the most frequently used 

method Is digestion. Digestion processes vary, but generally the process 

involves the conversion of the sewage s ludge organic matter Into microbial 

cells. The effectiveness of the process depends on the temperature, the reten

tion time in the digester, and the composition of the raw sewage. Other com-

monly used methods to reduce pathogens and putrescence are lime treatment, heat 

treatment and composting. 

Sewage sl udge contains relatively high levels of the major plant nutrients, 

nitrogen a.nd phosphorus. These nutrients, and the high organic matter content, 

make sewage s ludge a desirable soil amendment. The concern associated with the 

use of sewage s ludge as a soil amendment arises from the fact that sludge con

tains other components which can cause adverse health and environmental effects. 

These components of concern are the heavy metals sue~ as cadmium, nickel, lead, 

zinc and copper , synthetic organic compounds such as PCBs, and pathogenic 

microorganisms. The landspreading of sewage sludge creates the potential that 

- these components of concern may contaminate surface and ground waters , impair 

food crop quality, decrease crops yields, and induce disease in man and animals. 
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Landspreadlng is the controlled application of sewage sludge to land at 

rates IO!lich wil l not overload the assimilative capacity of the soil. The soi l 

system, which includes the microorganisms, chemical processes and physical 

environment, is the mechanism by which the sewage sludge components of concern 

are degraded, immobilized, or removed to diminish or eliminate their effect on 

the environment and on public health. Extensive research has been conducted to 

develop an understanding of the capacity of the soil for waste treatment and the 

best methods to ensure the safe utilization of sewage sludge. The research has 

sh<l"n that sewage s ludge can be landspread without producing adverse effects If 

it is appl ied under control led condi tions. 

When sewage sludge Is landspread, it is applied at rates which wil l meet the 

nitrogen requirements of the crop to be grown, al though in s0111e cases the cad

mium applied wi th the sewage sludge may be the limiting fact or. The sewage 

sludge may be applied either on the soil surface or incorporated or injected 

into the soil. The actual amount applied wi l l vary, but generally a quarter of 

an inch of dewatered sewage sludge or one Inch of liquid sewage s ludge appl ied 

over the soil surface, wil l provide sufficient nitrogen for a crop of corn. 

Sewage sludge can be applied to any crop but Is not usually reconmended for 

application to crops which may be eaten raw because of the potential for disease 

transmission. 

In Minnesota , more than 80% of the municipalities that generate sewage 

sludge, dispose of It by landspreading. In SOffle communities, sewage s ludge is 

incinerated or deposited in sanitary landfills or lagoons. It is the policy of 

the MPCA to encourage the landspreading of sewage sludge over other disposal 

alternatives when it is economically feasible and managed in a manner to protect 

the public health and quality of the environment. Most sewage sludge is 
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landspread on privately-owned farmland at the request of the landowner. In some 

cases. especially when the treatment plant has a limited storage capacity and 

the sewage sludge must be frequently landspread, the sewage sludge is applied to 

public property such as a municipal airport. 

B. Fonwat of the Proposed Rules. 

The proposed rules have been divided into four general chapters. Rules 6 

MCAR §§ 4,6101-4.6108 In Chapter Five address the general provisions of the 

rules. These provisions Include the purpose, scope and applicability of the 

rules, the definitions applicable to the proposed rules, and procedural matters 

- related to variances, applications and administration. 

-

Chapter Six, 6 MCAR § 4.6111 and 4.6112, establishes the specific require

ments applicable to landspreadlng sites, and Chapter Seven, 6 MCAR § 4.6121 and 

4.6122, establishes the specifJc requirements applicable to landspreading faci

lities. 

It is IRll)Ortant to understand the distinction between landspreading sites 

and facilitfes. By definition, landspreading sites are property that is not 

owned, leased or rented by the political subdivision generating the sewage 

sludge being landspread. This is generally privately owned farmland but may 

Include lndustrial/comnerclal property or public property not owned by the poli

tical subdivision. The proposed requirements and limitations for landspreading 

sites are very specific and may only be modified by obtaining a variance to the 

rules. 

l andspreadlng facilities are property that is owned, rented or leased by the 

political subdivision generating the sewage sludge being landspread . The pro

posed requirements and limitations for landspreading facilities contain two 

alternatives for compliance. The rule contains general performance standards 
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and minimum design requirements; compliance with either limitation is accep

table. This format allows for greater flexibility In designing facilities for 

specific landspreading situations . Landspreadlng facilities can be divided Into 

two classes depending on the operation of the facility. If the facility will be 

operated In accordance with all the minimum design requirements, it will be 

operated similarly to a landspreadlng site and therefore, be required to submit 

a similar level of information to the MPCA to obtain a permit. However, if the 

facility will be used more intensively than would be approved for a 

landspreading site, or which does not meet the minimum design requirements, 

additional information and/or monitoring must be provided prior to obtaining or 

revising a permit. Regardless of the method of operation, landspreadlng facili

ties must have a program to monitor ground water to determine the effect of the 

operation on ground water quality. 

Chapter Eight, 6 MCAR §§ 4.6131 - 4.6136 establishes procedures and methodo

logy for conducting certain analyses and other determinations required to be 

made pursuant to the proposed rules. 

Ill. NEEO FOR THE PROPOSED RULES 

The need for the proposed rules (6 MCAR §§ 4.6101-4.6136) arises from 

four sources: A) The requirements of Minn. Stat. § 116.07, subd. 4; B) The 

potential for adverse environmental and health effects if sewage sludge is 

improperly managed; C) The widespread use of landspreading as a sewage sludge 

disposal alternative; and O) The need for standards which serve as a guide for 

correct landspreading procedures. 
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A. The Requirements of Minn. Stat. § 116.071 Subd. 4. 

The Minnesota Legislature has mandated that the MPCA develop standards 

addressing the management of sewage sludge. The statute is quite spec ific as to 

the extent of the standards. The standards must address the degree of hazard of 

the sewage sludge, the suitability of the landspreading area, the design and 

operation of landspreading sites and facilities, and the volume and rate of 

sewage sludge applicat ion. It was necessary to develop very specific rules in 

order to fulfill each provision of the statute. 

B. The Potential for Adverse Environmental and Health Effects if Sewage 

Sludge is l11properly Managed. 

Extensive research has shown that the landspreading of sewage sludge is a 

safe l'llll!thod of disposal if i~ is properly managed. However, definite adverse 

effects have been identified in association with the mismanagement of sewage 

sludge or sewage sludge c0111p0nents. The components of concern in sewage sludge 

are the pathogens, heavy metals, synthetic organic compounds, and macronutrlents 

such as nitrogen, phosphorus and salts. These components may impair the quality 

of surface and ground waters, affect the production of food chain crops and 

create other public health and welfare Impacts if sewage sludge is improperly 

applied. It is necessary that the rules provide standards for the correct mana

gement of each of these components of concern. In addition, improper management 

of sewage sludge can cause odor, aesthetic and other nuisance conditions and 

may cause bird hazards at airports. 

1. Pathogens. 

Sewage sludge contains pathogenic organisms which reflect the occurrence of 

disease in the sewer service area. Th mb e nu er and type of pathogens vary widely 
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depending on the health of the sewered population and the method of sewage 

treatment. Bacteria, viruses, protozoa and parasitic ova are all present to 

some degree In the sludge as it is applied to land. Pathogens In sewage sludge 

may cause disease In humans if a route of Infection exists. Oisease causing 

organisms may be transmitted through direct contact with the sewage s ludge, by 

contaminated food products, or by contamination of surface and ground water. 

Restr ictions are needed to minimize the number of viable pathogens applied to 

the land and to reduce the routes for Infection. 

~ile it is possible for sewage sludge to contain pathogenic organisms, the 

level of pathogens associated with municipal sewage is greatly diminished during 

treatment plant processes and In the soi l environment. Soil temperatures and 

moisture regimes, competition and predation by soil microorganisms , and sunlight 

are al l effective in eliminating pathogens after sewage sludge is landspread. 

At this time, there is no evidence to indicate that landspreadlng of treated 

sewage sludge is a route of disease transmission. But, because some viruses and 

the ova of some intestinal parasites may survive long enough to present a 

potential for human infection, precautions must be taken to reduce animal or 

human contact with viable pathogens. 

2. Metals. 

Sewage sludge may contain heavy metals. The term "heavy metals" refers to 

the metals cadmium, nickel, lead, zinc and copper. From a human health 

standpoint, cadmium is the metal of greatest concern. The concern over cadmium 

arises from the fact that cadmium can be taken up by plants when high levels are 

present in acid soils. Cadmium tends to accumulate in the leafy tissue of 

plants and, if ingested, may cause adverse health effects. Cadmium accumulates 
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in the liver and kidneys of animals. High levels of cadmium in the human diet 

!NY, over time, cause a chronic kidney condition. Cadmium Is generally not 

accU111Ulated in food grains and animal muscle tissue. The soil pH, cation 

it (CEC) t""" of crop and the al'IIOunt of cadmium applied exchange capac y , , ~- , 

annually and cun1latively all affect the amount of cadmium taken up by the crop. 

I and nickel, must be regulated because The other heavy metals, copper, z nc 

of their potential to impair crop growth when high levels are present in the 

soil. Oifferent soils and crops react differently to the effects of metal 

additions. Lead 111Ust be regulated because of the potential for adverse animal 

health effects from Ingestion with soil . Unlike cadmium, there Is very little 

concern that the annual application rates of these metals will produce adverse 

effects, although repeated applications will eventually produce high soil 

concentrations. 

Heavy metals are relatively insoluble in the soil. Because of this, the 

chief 111ethod of transport is with eroded solids . Metals remain concentrated In 

the surface soil layers and are, therefore, susceptible to erosion. The impact 

I If the water Is a source of drinking of 111etals reaching surface waters var es. 

water, cadmiUIII may be a human health concern. Very high metal concentrations 

may be toxic to some aquatic organisms. In addition, some aquatic organisms 

tend to accU111Ulate metals, especially mercury and cadmium, in their body 

tissues. \llen this accu111Ulation occurs in organisms harvested for food-chain 

purposes , it could present another route for high metal levels to enter the 

h11111an food-cha In. 

Metal contamination of ground water has not been shown to be a major con-

cern. However, the potential for such movement does exist, and especially In 

the case of cadllillffl, conta111lnatlon could result in human health effects. 
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3. Synthetic Organic Compounds. 

Synthetic organic compounds in sewaqe sludge Include a broad range of 

substances. Research on many of these COll!P<>unds has found the the level present 

in sludge, or the behavior of these materials, does not present a threat to 

human health. However, polychlorinated biphenyls (PCBs) due to their widespread 

occurrence in sewage sludges and potential for Impacting human health, 11111st be 

regulated. The soil has a capacity to degrade and adsorb many compounds, and 

many are volatilized to the atlllosphere. However, because of the large nUlllber of 

synthetic organic compounds and the relatively recent develop111ent of the111, 

extensive research on their behavior In the soil and on the long tem effects of 

these compounds Is limited. At present the potential risk fr011 aost of the 

compounds normally found In sewage sludge appears to be mlnl111a l due to their low 

concentrations and the mitigating effects of the soil environment. Of the many 

compounds found In sewage sludge, only a few are sufficiently toxic and 

persistent to be considered health risks and none have been shown to have 

contaminated ground waters as a result of sewage sludge application. However, 

if contamination occurred, the effects would vary according to the nature of the 

contaminant. 

4 . Hacronutrlents. 

The macronutrlents of concern In sewage s ludge are nitrogen, phosphorus and 

certain salts. These components may cause ground and surface water conta111na

tion and reduce crop yields. 

The effects of ground water contamination by macronutrlents in sewage sludge 

are primarily r isks from nitrate poisoning. Nitrates in drinking water can be 

converted to nitrites by microorganisms 1n the digestive tract of livestock and 

In the Intestines of Infants less than three 1110nths old. The resulting condi

tion, called methemoglobanemia, disrupts the oxygen carrying capacity of blood. 
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The effect of surface water contamination by macronutrlents is prlmarlly the 

decline of water quality as a result of nitrogen and phosphorus enrichment. 

Nitrogen and phosphorus can be transported fr0111 a landspreading site In solution 

or with eroded particles. These nutrients can promote excessive algal growth 

which will subsequently deplete the oxygen supply of the water. 

Salts of potassium, calcl11111, sodium and magnesium are often present in 

significant quantities In sewage sludge. In general there are two basic 

problems associated with high salt concentrations In soils. A disproportionate 

-,unt of sodli.a affects the soil structure and an excess of salt Ions 

In the soil upsets the osmotic balance In the plant root zone, Inhibiting water 

uptake by plants. 

5. Nuisance Conditions and Bird Hazards . 

The llajor nuisance condition associated with sludge landspreadlng Is odor. 

Until the volatile solids In the sewage sludge have been stabilized, sewage 

sludge generates odors which 111ay be objectionable to persons living near or tra

veling past the landspreading operation. Landspreadlng of sewage sludge may 

also create other nuisance conditions such as noise and dust generation, and 111ay 

create a bird hazard at nearby airports . lt Is possible that large numbers of 

birds inay be attracted to landspreadlng areas In the vicinity of airports. 

Airplanes which hit birds during take-off or landing may be damaged seriously 

enough to cause a safety hazard. 

C. The WldPspread Use of Landspreadlng as a Sewage Sludge Disposal 

A 1 ternat Ive. 

In Minnesota approximately B~ of the municipalit ies generating sewage 

sludge landspread the sludge. Landspreading programs may require a few acres or 

several hundred acres to dispose of the sludge generated, and s ludge may be 
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landspread once a year or several times a week. It Is the policy of the MPCA to 

encourage the landspreadlng of sewage s ludge as a beneficial utilization of 

resource, even when alternative disposal methods are available. The frequency 

and magnitude of this practice prevents the c lose surveillance and supervision 

of each operation by the MPCA. Although the lllll)act of 111ls111anagment In any Indi

vidual s ituation may be Insignificant, widespread and repeated 111IS11anageaent 

could create serious problems. 

In the St. Paul-Minneapolis and Duluth areas, sewage sludge landspreadlng 

programs are monitored by the MPCA. In the first half of 1981 the MPCA reviewed 

249 proposals to landspread sludge on sites in the St. Paul-Minneapolis area. 

Approximately 6% of the sites were rejected as unsuitable. On a statewide scale 

this would represent a considerable ~nt of MPCA and treatllent plant staff 

time that would be wasted because of the lack of established criteria for eva

luating potential landspreadlng sites . The proposed rules are needed In order 

to provide a basis to evaluate the pollution potential for each landspreadlng 

site based on definite, quant1tlve shndards. 

O. The Need for Standards Which Serve as a Guide for Local Ordinances and 

Conditions and for Correct Landspreadlng Procedures. 

The rules must provide basic guidance for the operation of landspreading 

sites and facilities. Sfflall treatment faci lities which lnfreque~tly landspread 

sludge do not have the resources to hire a consultant to develop a landspreadlng 

program. The rules are needed to provide guidance as to the legally and 

environmentally acceptable methods of sewage sludge landspreadlng In an 

accessable format. 

Local units of govermient are bec0111lng Increasingly active in reviewing MPCA 



-

-

-13-

letters of approval and permits and In developing local conditions and ordinances 

to regulate sewage sludge management. According to Minn. Stat. § 473.516, subd. 

3, county and local units of governments within the Twin Cities metropolitan 

area May regulate sewage sludge management only to the extent that the con

ditions established are consistent with MPCA rules. The proposed rules will 

provide a basis for evaluating such conditions. The proposed rules will be use

ful to political subdivisions throughout the state as they develop local ordi

nances and restrictions regarding sewage sludge management. 

IV. REASONABLENESS Of THE PROPOSED RULES 

A. Reasonableness of the General Provisions. 

The general provisions of the rule are necessary in order to provide the 

working structure for the adminstratlon of the sewage sludge landspreadlng 

progra111 in Minnesota by est~blishing 1) who must comply with the rules, 2) how 

information must be submitted to the Agency, 3) how the Agency must respond, and 

4) the terms which are used throughout the rule. 

6 MCAR § 4.6101 

The proposed variance rule Is consistent with the standard language used in 

other Agency rules. It is reasonable to provide direction for parties seeking a 

variance . 

6 MCAR § 4.6102 

The proposed applicability rule is necessary to establish the legal respon

sibility for sewage sludge management and to identify the type of authorization 

which is required for different types of landspreading operations. It is also 

necessary to provide direction to munic ipalities that incinerate or process , 

store, or dispose of sewage sludge by some other method. 
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The rule assigns the respons ib l ity for compliance with the requirements of 

the rule to the part ies which have the authority to manage the sewage sludge and 

the application area. The political subdlvison lllhich generates the sewage 

sludge maintains the most control over the quality of the sewage sludge and the 

selection of application areas and landspreadlng management, and therefore is 

primarily responsible for the proper disposal of the sewage sludge. However, 

other parties may also be responsible for sewage sludge management through 

contract with the political subdivision. The owner of land rented or leased to 

a political subdivision is responsible for the effects of any activities lllhich 

were allowed on his property and is responsible for the future use of his land 

after the facility is closed, and must be included in a pel"ffllt for a facility. 

The operator of a landspreading facility also shares the responsibility that the 

facility will not produce adverse effects and must also be legal ly included in 

the permit and the responsibilities attached thereto. 

However, it Is not reasonable to require the same degree of responsibility 

for the owners and operators of landspreading sites. In this case, the politi

cal subdivision will have the sole control of the landspreadlng activities at 

the site. The farmer receiving the sewage sludge cannot be held responsible for 

ensuring that the sewage sludge Is of acceptable quality, that the correct 

application rates are applied, or that landspreading is conducted in accordance 

with the requirements of the rules. 

6 MCAR § 4 .6103 

The majority of people using the rule will be wastewater treatment plant 

operators and local government officials. Typically these Individuals are not 

familiar with agricultural, animal husbandry, soil science, or geologic terms 

that are used in the proposed rule. For this reason, it is reasonable 
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to define the following tenns in 6 MCAR § 4.6103: 

animal feed 
aquifer 
available nitrogen 
available water holding capacity 
bedrock outcrop 
catiott exchange capacity 
cave 
crops for direct human consumption 
fallow land 
food•chain crops 
hundred year floodplain 
intennittent stream 
mine 

pasture crops 
pathogen 
quarry 
root crops 
seasonal high water table 
sinkhole 
soil horizon 
soil pH 
so 11 texture 
soil type 
spring 
ten year floodplain 
water table 

The definition for fallow land Is the only agriculture term which has a more 

limited scope than the COlffllOn usage of the term. The definition was narrowed to 

include land that is relatively void of vegetation during the summer, sometimes 

referred to as black fallow. Under certain conditions, application of sewage 

sludge to fallow land 111ay result In ground water contamination. 

Several tenns defined in the proposed rule are consistent with the defini

tions of Minn. Stat.§ 105.37. These ten11s are lakes and ponds, rivers and 

strea111s, and surface water. These definitions are used because these water 

bodies are considered public (protected) waters and therefore considered 

important resources by the state. For the sake of consistency, it is reasonable 

to interpret the terms used in the proposed rule, which are based on the 

definition of public waters, in the same manner as the OHR has interpreted the 

terms in Minn. Stat.§ 105.37. 

The proposed rule also limits the size and type of wetlands. The definition 

follows the size l imitation provided In Minn. Stat.§ 105.37, subd. 15. Wetlands 

are protected in Minn. Stat . § 105.392. It Is reasonable to protect wetlands 

that are protected under statutory provisions. 

Three methods of sewage sludge application are defined in the proposed rule. 
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Surface application, immediate incorporation, and spray application are defined 

because different limitations apply to each method. The definition for inme• 

,Hate Incorporation limits the applicability of the term to sewage sludge that 

is mixed with the soil within 48 hours of application. This time span is 

reasonable since It allows the farmer sufficient time to conduct tillage 

operations and a longer period may Increase the potential for runoff, erosion, 

vector attraction and other impacts that incorporation alleviates. The 

definition for spray application includes only methods by which sewage sludqe is 

applier! under pressure, which may create conditions for aerosol for111ation. If 

the definition was not limited in this way, it could be misinterpreted to 

include application by various types of tank trucks and tank wagons. 

Some of the definitions relate to sewage sludge. The definition for sewage 

s ludge is taken from the Waste Management Act which required that these rules be 

developed. Sewage sludge solids are defined to assure that all sludge che111ical 

parameters and application rates are expressed on a dry solids basis. The ten11 

putrescible sewage sludge is limited to sewage sludges with volatile solids con• 

tents of 70S or more. This is a reasonable level which treatment plants should 

be ab le to achieve. Volatile solids contents above 70S result in an odorous 

sludge that may attract vectors. It Is reasonable to regulate certain aspects 

of sewage sludge management differently depending on the solids content of the 

sludge. Sewage sludges that can be handled as a solid can be managed 

differently than liquid sludges. For this reason, dewatered sewage sludge was 

defined to include this type of sludge. 

Two definitions were taken directly from Minnesota Statutes. These include 

person and political subdivision. 

In order to assist Individuals using the rule, It is necessary to provide the 
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location of the federal list of organic priority pollutants within the 

definition of organic priority pollutant . 

The definitions for long term storage and short term storage simply restate 

what is already established In the rule In order to more clearly Identify the 

differences between them. 

The terms place of habitation, residential development, and recreational 

area were expanded fr0111 their c0111110n usage to include every conceivable 

situation that may be Impacted by landspreading. It Is necessary to specify in 

each definition the exact situations that should be considered so that there 

would be no questions regarding interpretation . Landspreading was defined so it 

could not be misinterpreted to include landfilling. 

Landspread1ng areas were defined as landspreadlng sites or landspreading 

facilities based on land 0ttnersh1p. Landspreadlng sites and landspreadlng faci

l ities are addressed differently throughout the proposed rules. Because of this 

difference, It is essential that the distinction between them be c learly 

establ ished by definition. 

6 MCAR § 4.6105-4.6106 • 
The information required for an application for approval of a landspreading 

site or facility relates to the various requirements and limitations which will 

apply to the landspreading operation so that Agency staff can determine if the 

operation will be able to provide adequate protection for the environment and 

the health and safety of the public . To assist political subdivisions in sub

mitting the required information for an approval, the Agency will provide stan

dard application forms. The use of a form will make applications for approval 

easier and less burdensome for the treatment plant operator. 
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It is necessary to have basic information regarding the treatment and com

position of the sewage sludge In order to verify the accuracy of the proposal. 

For example, it is not sufficient to know that sewage sludge is aerobically 

digested, the retention time and temperature must also be known In order to 

determine the degree of pathogen reduction. Also, the chemical characteristics 

of the sewage sludge must be determined within a reasonable time prior to sludge 

application. Sewage sludge characteristics can change rapidly due to changes in 

the influent quality, and samples should reflect the conditions lltlich will be 

most similar to conditions which will exist at the time of sewage s ludge 

landspreading. However, representative sampling, analyses and appl ication deve

lopment and processing take considerable time, so analyses more current than six 

months prior to application submittal would not be reasonable. 

The Information that Is required to characterize the landspreadlng property 

and management relates to specific requirements and limitations regarding land 

suitability and operation procedures and also to the Information necessary to 

identify all parties that may be involved with the proposal. In some cases the 

rule specifies acceptable sources to obtain the 1nfornatlon to ensure that the 

decision to approve or deny the proposal ls based on reliable data and also to 

provide the appl icant with guidance 1n developing an application for a proposed 

s ite or facility. 

Proposals for landspreading facilities must Include all of the lnfon11atlon 

required for landspreading sites and also some additional 1nfomatlon. All 

landspreading facilities will be required to have a ground water monitoring 

program. The proposal must include Information on the location and construction 

of the necessary monitoring wells. Although the actual sampling frequency and 

parameters will not be determined until the application Is reviewed, basic 
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1nfo~t1on on the system 1s required in order to determine the suitability and 

reliability of the proposal. 

The quality of the ground water must be determined before landspreading 

operations begin, in order to establish a standard for comparison with future 

water samples. The parameters required are those that are frequently associated 

with wastewater or sewage sludge analyses and are routinely performed by most 

analytical laboratories. 

If the facility will be receiving applications of nitrogen or metals beyond 

the l imits established for landspreading sites, the application must also con

tain evaluations of how the surface and ground water quality, public health and 

safety, and the food chain will be protected. Because landspreading faci lities 

may differ a great deal, the required submittal information must be general in 

order to acconmodate the great variety of landspreading options that my be deve

loped and proposed. Part of the evaluation for ground water protection Involves 

the identification of specific hydrogeologic and subsoil features. In order to 

make an evaluation of the potential for ground water contamination f rom sewage 

sludge application beyond the specified limits, It is necessary to know the 

subsurface characteristics to a greater depth than is required for sewage sludge 

application within the limits. 

The source of the required hydrogeologic data will vary depending on the 

location of the faci l ity, and the acceptable level of Information must be deter

mined on a site specific basis and therefore, cannot be specified in the rule. 

The specific Information required will be used to determine the vulnerability of 

the aquifer to contamination and the potential for such contamination to impact 

wells In the area. The Information obtained from the soil characterization will 

also be used to determine the effect of the facility on the aquifer quality by 
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providing information on the attenuation potential of the soil. It Is reaso

nable to require more detailed Information for facilities which present a 

greater pollution potential. 

6 MCAR § 4.6107-4.6108 

Based on past experience, the Agency has found It necessary to have a 

program to approve and permit landspreading operations. The agency has Issued 

guidelines and a temporary rule regarding sewage sludge landspreadlng. Neither 

document required that approvals be obtained for landspreadlng operations, 

except those of the Metropolitan Waste Control C011111lssion {IIICC) . The program 

for approving MWCC proposals has worked successfully with relatively few 

problems. However, where landspreading was conducted wi thout MPCA approval, 

problems have developed that could have been avoided by prior MPCA plan review 

and approval. For these reasons, a permitting/approval program Is needed which 

will apply to every site and facility In the state. This Is the only way that 

the MPCA can know In advance that sewage sludge will be properly managed. 

The proposed rules regarding the administration of Letters of Approval and 

Permits have been developed through several years of Agency experience with 

sewage sludge landspreading programs. It Is essential that the Agency's admi

nistrative program provide a reasonably convenient method for political 

subdivisions to obtain landspreading approval, and provide a fair and effective 

mechanism for public notification and the resolution of conflicts. The admi

nistrative procedures specified In the rule are essential ly the same as those in 

effect with the temporary rule and are based on the program to administer pemlts 

Issued through the National Pollutant Discharge Elimination System (NPDES) as 

prescribed in WPC 36. These procedures have, in the past, provided a reasonable 

compromise between the need of the political subdivi sion for rapid response to 
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landspreading proposals, and the need to notify concerned parties and provide 

enough tilllf! to allow them to respond to the proposal. 

B. Reasonableness of the Requirements and limitations. 

The landspread1ng of sewage sludge creates a potential for adverse effects 

on four major areas, ground water quality, surface water quality, food-chain 

quality and public health. The components of concern in sewage sludge are the 

macronutrients, 111etals, pathogens and synthetic organic compounds. Each of 

these c0111ponents has the potential to affect one or more of the major areas of 

concern, depending on a number of factors. For example, under some circumstances 

- nitrate niay leach to ground water and reduce the quality of that water. If a 

shallow well intercepts that poor quality water supply, a public health problen1 

could develop. If s0111e of the sewage sludge applied to the land surface ls 

washed into a nearby lake, nitrogen in the sewage sludge may create a surface 

water problem. Because of the interrelatedness of sludge landspread1ng effects 

and the interlocking nature of those effects, certain provisions of the rules 

may address several aspects of several problems. An example are the metal 

application limits which are set to protect 1) the yield potential of the land, 

2) the quality of the food crop produced and 3) the ground water beneath the 

area. This part of the statement will address how each provision will prevent 

adverse impacts from each component of concern. 

-
Perfonnance Standards 

6 MCAR § 4.6121 A.1, 8.1, C.l, and D.l 

The purpose of these rules is to provide for the protection of the public 

health and environment in the ut111zat1on or disposal of sewage sludge. It ls 

necessary and reasonable to establish the goals or performance standards that 
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should be accomplished when designing and operating a landspread1ng facility. 

Since WPC-22 ls the agency rule regarding ground water protection, the proposed 

rules use this as the standard with which all facilities should comply during 

operation. The state's surface waters are important resources used for 

recreation and consumption, and therefore, their uses and quality should be 

protected. The protection of the public health and safety is a major concern of 

the agency, consequently, 1t ls reasonable to protect the public who live near 

or pass by a landspread1ng facility. Food-chain crops produced at a land

spreading facility and consumed by the public may have an 1111Pact upon their 

health. It ls essential, therefore, that the food-chain crops produced comply 

with quality standards established by state and federal agencies. 

Analysis 

6 MCAR § 4.6111 A.1-A.8 

6 MCAR § 4.6122 A.I 

The composition of sewage sludge varies a great deal, depending on the c0111-

pos1t1on of the influent and the treatment process at the wastewater treatment 

plant . It Is necessary for the Agency to know the composition of the sewage 

sludge in order to determine compliance with app11cat1on rates and other 

restrictions specified 1n the proposed rules. Each par-ter which the 

sewage sludge must be tested for relates directly to a requirement of the 

proposed rules, with the exception of chromium and 111ercury. Concern exists that 

chromium and mercury may be potential risks when sewage sludge is landspread. 

However, no adverse effects have ever been observed as a result of these 111etals 

in landspread sewage s ludge and insufficient research exists to support specific 

application l imits. The proposed rules require that sewage sludge be analyzed 
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for chr0111lum and mercury In order to Identify sewage sludges which may require 

special consideration under certain circumstances. 

The proposed rules specify standard methods for obtaining samples and 

analyzing for the required parameters in order to maintain uni formity and 

reliability In the Information used to deten11lne application rates. 

The required f requency of sewage sludge sampling and analysis Is weighted to 

minimize the burden for small treatment plants. Small treatment plants are 

required to monitor sewage sludge quality less frequently than larger treatment 

plants. In general, small treatment plants serve smal l, stable comnunlties and 

sewage s ludge quality does not vary a great deal, due to limited industrial 

discharges. However, the proposed rules provide for increased monitoring f re

quency If any parameter Is present at high concentrations, or decreased fre

quency If It can be shown that the required schedule Is not warranted due to 

sewage sludge quali ty, variability or landspreadlng frequency. Where more fre

quent analyses are required, t he frequency is based on the concentration of the 

aetals "'11th exceed median levels as established In a survey of sludge quality 

fr01111110re Ulan 200 treatment plants In Minnesota, Wisconsin, Ohio, Michigan, 

Illinois, Indiana, New Jersey and New Hampshire. For example, half the sewage 

sludges in these states contain less than 20 parts per million of cadmium. If a 

sewage sludge contains 20 or 40 parts per million, then analyses for camilum 

11111st be conducted at twice or three times the minimum frequency In order to pro

vide a more accurate basis for determining application rates. 

The mlnilllUIII frequency for sewage sludge sampling and analysis for 

landspreadlng facilities is once per year, however, more frequent sampling and 

analysis may be required If it appears necessary. The factors which will be 

considered In the Director's decision on monitoring frequency are specified in 

the proposed rules. Recause of the flexibility that is allowed in the design 

and operation of landspreading facilities, 1t is not possible to establish a 

monitoring schedule in the proposed rules that will be relevant In all 

situations. Some agency discretion is necessary in order to avoid unreasonable 

burdens on facilities which present minimal risk and to provide additional 

protection if a facility poses a high risk. 

Pathogen Reduction 

6 MCAR § 4.6111 8.1 

6 MCAR § 4.6121 C.2.a 

Raw sewage sludge contains high populations of viable pathogens that could 

present a serious disease hazard if the sewage sludge was applied where human 

contact was possible. The Envi ronment al Protection Agency (EPA) has recognized 

this potential problem and has included minimum pathogen reduct ion requirements 

In its cr iteria for sewage sludge disposal (40 CFR Part 257) . The proposed 

rules have adopted all of ,the EPA criteria relating to pathogen reduction, 

although the requirements have been rephrased to be 1110re easily understood. 

The acceptable processes to significantly reduce pathogens (PSRP) are those 

which will produce a ten-fold reduction in viable pathogen levels. 

Other processes (PFRP) may be used to essentially eliminate viable pathogens 

and are prescribed in 6 MCAR § 4.6136. However , this level of protection Is 

unnecessary unless certain activities will be conducted at the landspreading 

site or facility . The conditions which require that the sewage sludge be 

treated by a process to further reduce pathogens (PFRP) will be discussed in the 

section of this statement which addresses management requlre111ents. 

Organic Priority Pollutants 

6 MCAR § 4.6111 F.1-F.3 
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6 MCAR § 4.6121 D.2 .c-0. 2.d 

The proposed rules also include the provisions regarding PCBs in sewage 

sludge that are established In the EPA criteria (40 CFR Part 257). The proposed 

rules set limits on the 111aximum levels of PCBs that may be present in sewage 

sludge that Is landspread . If the sewage sludge contains more than ten parts 

per mil l ion of PCB, it must be managed differently, e.g. Incorporated. If the 

sewage sludge contains more than fifty parts per million of PCB It may not be 

landspread. These restrictions are based on the need to prevent high levels of 

PCBs from entering the food chain, either through ingestion with soil, adhesion 

to food chain crops, or in runoff to surface waters. 

The proposed rules specify that sewage sludge which contains high con

centrations of priority pollutants must be analyzed for that pollutant and 

managed appropriately. Because the list of priority pollutants contain sixty

five compounds, it is not possible to establish limitations in the proposed 

rules for sludge containing varying amounts of every priority pollutant. Some 

degree of discretion is necessary 1n order to provide the flexib111ty to regu

late the situations where organic priority pollutants may present a hazard, 

without imposing an unreasonable burden on those treatment plants which do not 

generate a sewage sludge which contains an organic priority pollutant and which 

do not require special consideration. 

Sol l Characteristics 

6 MCAR § 4.6111 G.1-G.8, 1.4, J.6-J.7, J.9 

6 MCAR § 4.6121 A.2.b-A.2.c. 

A number of soil factors interact to determine the suitability of land for 

sewage sludge application. The soil will be a factor in determining the amount 

of attenuation, retention and remova 1 of waste components that wil 1 occur to 

prevent their migration downward to ground water or overland to surface waters. 
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The available water holding capacity (AWC) of a soil Is the ability of a 

soi l to hold water against the force of gravity and available for use by IIIOSt 

plants. As it relates to sewage sludge landspreadlng, 1t Is an indication of 

the capacity of a soil to retain sewage sludge components 1n the upper soil 

horizon long enough for soil and environmental mechanisms to attenuate those 

components. The AWC of a soil ts frequently used to characterize a soil's 

suitability for various waste treatment operations because the degree of atte

nuation and removal of waste constituents Is a function of the residence time of 

those constituents In the soil. A soil with a high ability to retain water wil l 

hold nitrate, pathogens, soluble metals and synthetic compounds within the soil 

treatment zone where soil mechanisms and crop uptake can act to reduce the 

potential that those components will move to groundwater. 

The AWC of a soil changes with depth and Is detennlned by the soil texture, 

structure and organic matter content. The proposed rules require consideration 

of the soil profile to a depth that will provide 6 Inches of AWC. It Is not 

reasonable to require a certain separation distance to the water table or 

bedrock based solely on a soil's surface texture. In some cases a soi l 111ay have 

a very high AWC (a fine texture) In the surface horizon but may be very coarse 

below, or, a soil may be coarse on the surface but the entire profile may be 

relatively impermeable. In either of these cases, the texture of the surface 

soil does not accurately characterize the soil profile and its ability to 

restrict leachate migration. 

Depending on the specific nature of a soil profile, the required 6 inches of 

AWC will be obtained in varying soil thicknesses. For exa11111 le, a soil lfflfch fs 

uniformly loamy sand with an AWC of 0.07 1n./in. would require a water table at 

least 7 feet below the surface in order to provide the required 6 Inches of Awe. 



-

-27-

The minilllUffl of 6 inches of total AWC is based on research and recOnYllen

dations by various governmental agencies, agricultural organizations and univer

sities. ~ch research has been conducted measuring the movement of various 

sewage s ludge components through different soil profiles. The depth of migra

tion varied as a result of several factors , such as application rate, soil pro

perties and nature of the component. Based on this research, 6 inches was 

selected as the most reasonable limit that would still provide adequate waste 

treatment. The AWC of a soil may be determined by direct analysis or from Soil 

Conservation Service (SCS) Soil Surveys, soil interpretation sheets or local SCS 

office personnel. 

At a minimum, landspreading sites may not have less than 3 feet of soil 

between the sewage sludge application zone and the bedrock or water table. Tots 

mtntmum separation distance is spectfted to ensure that the physical filtering 

capacity of the soil ts unlfonnly adequate. Areas that are too small to be 

located on a sotl map may exist at a site. These areas may contain coarse 

conducting layers, vertical conduits, elevated water tables or bedrock; or soil 

properties Milich may be less suitable for sewage sludge application than the 

surrounding mapped soils . Therefore, a minimum separation di}tance of three 

feet is required to compensate for any variability within the soi l that receives 

sewage sludge. 

The texture of the soil at the zone of sewage sludge addition controls the 

retention of sewage s ludge components at the soil surface, and affects both the 

- food chain and ground water quality. The requirement that very coarse textured 

soils may not receive sewage sludge ensures that soluble sewage sludge 

components will not migrate rapidly from the soil surface where most of the soil 

physical , chemical and biological activities which attenuate and immobilize 

waste components take place, thereby affecting movement to ground water or plant 
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uptake. The texture of the soil determines the amount of adsorptive surfaces 

and react Ive compounds that are present in the soil. The surface soil also 

usually contains the highest population of microorganisms , and the physical 

effects of ultraviolet light, freezing and drying are more extreme in the 

surface layer . 

The soil permeability is the property of a soil that enables it to transmit 

water. The proposed rules specify a maximum pennP.ability for the soil within 

the top five feet in order to further characterize the soil for waste treabllent. 

The soil permeability must be used on conjunction with the surface soil texture 

and AWC requirements. A soil with a low permeabi li ty wil l not transmit water 

and soluble waste components below the plant rooting zone so rapidly that soil 

mechanisms cannot act to treat the waste. The proposed rules only prohibit 

sewage sludge application on soils which are unifol"fflly coarse textured 

throughout the upper five feet. 

The limitation of six inches per hour maximum permeabil i ty is based on Soil 

Conservation Service rec011111endations for soils suitable for waste disposal . A 

greater permeability would place the soil In a class which the SCS considers to 

have only a moderate limitation for waste disposal. Six inches per hour or less 

constitutes a slight limitation for waste disposal. 

The following examples of various soil condi tions will show how surface t ex

ture, permeability, the minimum depth to the water table, and AWC can be used to 

determine the suitability of a soil for sewage s ludge application. 

, Soil thickness A B C D 

Coarse sand loamy Loam Loamy 
0 - 12· and Sand Sand 

aravel 
Sandy Loamy Sandy Sandy 

12 - 36" Loam Sand Loam loam 
Sandy loamy Sand sandy 

36 - 60" loam Sand loam 
Watertable at: 6 ft. 10 ft 5 ft 5 ft 
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Profile A has a very coarse surface but has, as a result of the sandy loam 

below the surface, an AWC of fflOre than 6 tnches above the water table and a per-

111eabtl tty throughout the profile of less than 6 inches/hr. However, th is soil 

ts not suitable for sewage sludge application because the surface texture is too 

coarse. 

Profile B ts a untfonn profile of loamy sand. The surface texture is accep

table according to the proposed rules and 6 inches of AWC are provided within 

the top 7 feet . However, this profile provides no barrier to rapid movement of 

water, every horizon has a permeabi lity of 6 inches/hr. or greater. Therefore, 

this soil ts not suitable for sewage sludge application. 

Profile C shows a medium textured soil with a water table at five feet. The 

surface soil and permeability comply with the proposed rules. However, the soil 

fs unsuitable because 6 inches of AWC ts not present above the water table; 

the soil would be suitable ff the water table was two feet deeper. 

The soil fn profile D may appear to be coarse and not suitable for waste 

treatment. However, although the profile provides only the minimum AWC and sur

face texture, it avoids being too permeable throughout the profile, and the com

bination of all these factors is sufficient to provide adequate waste 

attenuation. This soil would be acceptable for sewage sludge application 

according to the proposed rules. 

It ts necessary that the proposed rules distinguish between perched water 

conditions and seasonal high water table and not require protection for perched 

water conditions. Perched water is not used as drinking water supply nor Is It, 

according to the definition in the proposed rules , connected to an aquifer. 

Perched water fs a soil water condition and not considered a ground water table 

and, therefore, fs not protected . 
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Sewage sludge may not be applied to soils which have karst or fractured 

bedrock within s ix feet of the soil suface. Karst and fractured bedrock are 

associated with ground water that is very vulnerable to contamination. Con

taminants can move rapidly through this sort of bedrock with little or no 

attenuation or dilution. By requiring three feet more than the mlnil!IUffl separa

tion distance of three feet, the rule provides additional protection for these 

sensitive aquifers. Bedrock maps exist which show where these conditions exist 

or this Information may be obtained from the Minnesota Geologic Survey. 

The storage of sewage sludge involves additional concerns regarding ground 

water protection. According to the proposed rules, sewage sludge may be stock

piled at a site for a few days or for as long as seven months. Although dewa

tered sewage sludge ts largely impermeable and does not contain free 11101sture, 

the concern exists that the large amount of sewage sludge concentrated In one 

area will contribute to leachate generation and migration. 

Where sewage sl udge Is stockpiled for short periods, the proposed rules only 

require that the same soil conditions for suitable landspread1ng sites apply to 

the stockpi le site. Very little decomposition of the sewage sludge In the 

stockpile will occur in the one month that Is allowed for short tem storage. 

Therefore, the on ly concern for the ground water quality beneath the site arises 

from the sewage sludge that remains after the pile ts re1110ved . This ts usually 

a small amount and can be considered comparable to the sewage sludge which ts 

spread over the entire field , therefore the soi l conditions that are suitable 

for landspreading also apply to short term stockpiles. Also, the soi l located 

at the short-term stockpile site fs usually plowed and cropped, consequently, 

nitrate leachtnq is controlled . 

Long-term storage of sewage sludge, where sewage sludge may reniatn stock

piled for as long as seven months, may present a greater potential for ground 
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water contamination due to the increased decomposition of the sewage sludge, 

!Ohich releases soluble components, and greater total precipitation which will 

encourage leachate production from the stockpile surface. Because of the 

increased potential for leachate production, the proposed rules require that the 

soil beneath the stockpile site have at least eight inches of AWC, which Is two 

inches more than Is required for short tenn stockpiles. Two soil borings are 

required at the site of long-tenn storage . Borings are required because storage 

sites are usually relatively small and soil maps are not of a scale to ade

quately Indicate differences on such a site specific basis. The boring logs 

are used as a check to verify the soil map. 

Location Characteristics 

6 !CAR§ 4.6111 G.10, H.l-H.3, H.5-H.7, 1.2-1.3, J.2-J.5 

6 !CAR§ 4.6121 A.2. d, B.2.a-B.2.b, B.2.e 

The potential for adverse effects from sewage sludge landspreadlng can in 

many cases be greatly reduced by maintaining certain di stances between the 

sewage sludge application area and the area that may be affected. The distance 

that 111USt be maintained will vary depending on the seriousness of the hazard, 

the degree that distance can mitigate the effect, and the presence of other 

mitigating factors such as land slope and soil texture. 

Surface waters near a landspreadlng area may receive runoff water from that 

area. Some provisions of the proposed rules prevent the accumulation of 

excessive levels of waste components In the soil surface where they wil l be sub

ject to erosion and transport from the site. Those provisions will be discussed 

In the section of this statement which addresses management requirements. In 

addition to the management requirements to minimize the effect of landspreadlng 

on surface waters, the proposed rules also provide requirements regarding the 

suitability of the property for landspreading. Waste components that are 
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transported over the soil surface, either Ith w eroded particles or In solution, 

can be attenuated by the surface soi l and vegetation th so at the runoff water ls 

cleaned of those components over a certain distance. The distance that is 
necessary depends on several factors. The soil texture, land slope, ti111e of 

year and type of surface water are all factors which will de tennlne the effect 
of the landspreading operation on surface water quality. 

Soil texture will determine how rapidly the runoff water will infiltrate 

into the ground. Coarse textured soils will have 111Uch less runoff after a 

rainstonn than a fine textured soil with low infiltration. Therefore, a greater 

distance ls needed for a fine textured soil before waste c0111p0nents will be 

absorbed into the soil. The specific soil permeability and surface texture 

requirements were discussed previously In the section of this stateinent 

addressing suitable soil conditions. However, as they relate to the separation 

distances required in the proposed rules, It Is sufficient to characterize soils 

Into two general textural classes, 1) c t d oarse exture, and 2) medlt111 and fine 
textured. 

The slope of the application site has a direct l111pact on the potential for 

contaminant migration with surface runoff. As the land slope increases, the 

velocity of the runoff water Increases. Thi s results in an increase in the abi-

lity of the runoff water to detach particles from the soil mass and transport 

them from the field. The proposed rules specify various separation distances 

for different land slopes and management practices . If sewage sludge Is 

injected or Incorporated into the soil there is less potential for erosion of 

sewage sludge particles and therefore the acceptable land slope may be increased 

and the separation to surface water decreased without Increasing the potential 

for adverse effects . 
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The infiltrative capacity of the soil will vary according to the time of 

year that sewage sludge application occurs. If the ground Is frozen, Infiltra

tion is reduced and the potential for waste components to be transported from 

the site is increased. For this reason, the proposed rules specify Increased 

separation distances for application during the months that the ground is frozen. 

The required separation distances to intermittent streams are less than the 

required separation distances to other surface waters. Intermittent streams are 

generally not high quality waters for drinking or recreational uses arid are 

often no oore than a drainageway through a field. If an intermittent stream 

does not discharge to a surface water, application of sewage sludge within 

twenty five feet of the stream will not impair the usefulness of that water. If 

an inten11lttent streaiw discharges to a surface water there Is an Increased 

potential for adverse effects as a result of runoff. However, the rule speci 

fies that the intermittent stream must flow for at least one mile from the point 

of sewage sludge application to the discharge point if the reduced separation 

distance wi l l be allowed. Biological, chemical and physical process in the 

water and stream bed wil l provide the same attenuation mechanisms as the soil 

system so that waste components will not present a threat to the protected 

surface water. 

Sewage sludge which is stored for long periods of time has an Increased 

potential for erosion loss because no soil processes are able to act on the 

sludge components until after It Is transported from the stockpile. Therefore, 

the rule requires a greater separation distance between long term stockpiles and 

surface waters or ten year f l ood plain unless measures to control runoff are 

used. Ten year flood plains are included in this restriction because the length 

of time sewage sludge may be stored at a long term stockpile increases the 

potential that eroded waste components may be transported to flood waters 
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without any soil treatment. 

The separation distances to surface waters that are required for landspread

ing facilities differ from those that are required for landspreading sites. The 

required separation distances from a facility to surface water are based on the 

purpose of the Shoreland Management Act, Minn. Stat.§ 105.4B5. One purpose of 

the Act (subd. 1) is to preserve the economic and natural envlro11111ental value of 

shorelands. According to the Act, shoreland means land located within 1000 feet 

of the normal high water mark of a lake or pond and 300 feet of a river or 

stream. The proposed rules are following the purpose of the Act by requiring 

the same setback distances specified in the Act for the location of a 

landspreadlng facility In the vicinity of a lake, pond, river or stream. 

In addition to providing protection for surface waters, separation distances 

also protect drinking water wells and reduce nuisance conditions which 111ay 

result from landspreadln9. 

wells in the vicinity of the landspreading operation are protected by the 

requirements '"'1ich minimize the movement of waste components to ground water, 

and additionally, by separation distances between the well and the landspreading 

operation. Four types of wells are identified in the rules in regard to separa

tion distances. Monitoring and sampling wells are exempt from any separation 

distances because of the need to locate these wells where they wi l l be most use

ful In detecting contaminants. Publ ic water supply wells have the greatest 

separation distance requirement because general ly, such wells have a large zone 

of Influence In order to supply water for a municipality. By drawing from a 

large area, the well has an Increased potential to draw In contaminants from 

sources outside of the 1nmediate area. 
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The required separation distances to private water supply wells are based on 

the potential r isk presented by the landspreadlng operation. Landspreading 

facilities, because they are 110nitored, and If Intensively used must have a 

hydrogeologic assessment, do not need separation distance requirements except in 

cases ..-iere very vulnerable wells are located nearby. Wells which are not In 

coapllance with the Minnesota Well Code, that is, wells which are finished at a 

depth of less than fifty feet, are 1110re easily contaminated than deeper wells. 

Therefore, the proposed rules specify a separation distance to only these wells 

In the vicinity of a facility. 

Landspreadlng sites, although not monitored, present a lower potential for 

adverse i111pacts on well quality than landspreading facilities because of the 

less intens ive use of the site. Therefore, a minlfflUIII separation distance to any 

private well ls specified, regardless of the depth of the well. 

Concerns for sewage sludge landspreadlng also Include odor generation and 

the potential for Infection either through direct contact or aerosols. The 

distance a storage area or landspreadlng operation ls located fr0111 residences or 

areas frequented by the public will affect the aesthetic acceptability of the 

operation. Sewage sludges vary In the amount of odor generated, in some cases a 

distance of several thousand feet Is not sufficient to completely eliminate the 

odor, while In other cases, the odor Is not detectable within a few hundred 

feet. The required separation distances, of 200 and 600 feet between the 

- landspreading site and residences and recreation areas will provide some 

reduction in odor intensity but are mainly to reduce the potential for 

Inadvertent contact and disease transmiss Ion. 

Aerosols which can transport pathogens can be generated from liquid sewage 

sludge application processes. Such aerosols generally do not travel far, but a 
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minimum separation distance will provide additional protection and also minimize 

the potential for small children and house pets to come In direct contact with 

sewage sludge. 

If sewage s ludge is Injected Into the soil, the potential for direct con

tact, aerosol formation and odor generation Is greatly reduced and the required 

separation distances are reduced accordingly. 

Special Land Considerations 

6 MCAR § 4.6111 K.l, K.3 

6 HCAR § 4.6121 B.2 .c-8.2.d 

The rule prohibits landspreading on certain types of land unless certain 

measures are met. Sewage sludge may not be deposited In caves, sinkholes or 

wetlands because of the very high potential for ground water contamination fr0111 

such practices. Such practices are not consistent with agricultural utiliza

tion, which ls the basis for effective waste treatment. In s0111e cases, mines or 

quarrys may be reclaimed by sewage sludge application although generally such 

areas are not suitable for effective crop uptake of nutrients in the sewage 

s ludge which would prevent their becoming conta111lnants. However, If the sewage 

sludge will be used as an amendment and an aid In a reclamation project, then 

its agron0111lc use Is allowed by the rules. 

Wetlands are def ined In the rule to Include those areas which are not pro

tected waters according to the DNR but which are c lassified as Type 3, 4 and 5 

wetlands according to the U.S. Department of the Interior. Minnesota Stat.§ 

105.392, Water Bank Program, establishes the policy of the State In regard to 

wetlands. It states that "The legislature finds that It Is in the publtc 

Interest to preserve the wetlands of the state and thereby to conserve surface 

waters , to preserve wi ldl ife habitat, to reduce runoff, to provide for 
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floodwater retention, to reduce stream sedimentation, to contribute to improved 

subsurface moisture, to enhance the natural beauty of the landscape and to pro

mote c0111prehensive and total water management planning.• 

In addition, Minn. Stat.§ 105.391, subd. 3 prohibits the drainage of 

wetlands. Undrained wetlands cannot meet the water table depth requirements of 

the rule and therefore cannot be used for sewage sludge application. 

Organic soils, which are not classified In the proposed rules as coarse, 

111edi11111 or fine textured soils, should not be used for sewage sludge application 

due to the high water tables and flooded conditions frequently associated with 

them. However, if organic soils are adequately drained, and meet the other 

requirements for suitable soils, they may be used for sewage sludge application. 

The prohibition of landspreadlng facilities In hundred year flood plains 

is based on the Federal criteria for the classification of solid waste disposal 

facilities and practices (40 CFR Part 257) . Part 257,3-1 of the Federal cri 

teria states that a facility may not result in washout of solid waste, so as to 

pose a hazard to human life, wildlife or land or water resources. This 

requirement has been Interpreted to mean that the landspreading facility may not 

be located where a significant chance of flooding may occur. It is assumed that 

any flooding of the soil surface inmedlately after sewage sludge landspreading 

will result In washout, although the extent of the impact of such washout cannot 

be determined for all cases. Diking or berming of facilities would reduce or 

eliminate the potential for washout, however, practices that restrict the flow 

of the 100 year flood or reduce the temporary water storage capacity of the 

floodplain are also prohibited by the Federal criteria. 6 MCAR § 4.6121 C.2.d 

The location of airports In relation to landspreading facilities is a factor 
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in determining the effect of the facility on the safety of the public. EPA cri

teria for the classification of solid waste disposal facilities (4D CFR Part 

257) require that landspreading operations not present a bird hazard to 

aircraft. Activities at a landspreadlng facility may tend to attract birds 

which, If in the vicinity of low flying aircraft, may cause equipment damage 

and malfunction. The EPA criteria require that If the facility Is located 

within specified distances of different types of airports, the facility must 

not present a bird hazard to aircraft. The MPCA has no staff to address bird 

hazards and consequently is not able to ma.ke such a determinatio;i; therefore, 

the rules require Federal Aviation Administration approval If the facility is 

located within the distance identified by the EPA as being a potential hazard 

area. 

6 MCAR § 4.6111 E.4 

In some cases it may be necessary to maintain a sewage sludge application 

site as fallow land. Fallow land may be used under certain limited conditions 

which will compensate for the lack of crop uptake. ManagE111ent and site selec

tion will affect the amount of nitrate formed and the extent It will move. The 

site selection considerations Involve the soil texture and area of the state the 

site is located in. 

The rule requires that the soil at a fal low land application site be fine 

or medium textured. Coarser textured soils have more air spaces which will 

encourage the formation and movement of nitrates due to the high oxygen level 

and permeability. Finer textured soils depress the formation and 1110vement of 

nitrates and provides more opt1- conditions for den1tr1flcatlon, which 1s the 

transfonnatlon of nitrate Into gaseous forms that are volatilized to the 

atmosphere. 
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The annual precipitation at the landspreading site will be a factor in 

detennining the extent of leachate migration. In a.reas of western Minnesota 

wtlich receive less than 24 inches of annual precipitation, nitrate accumulates 

In the subsoil. In this area of the stat e , evapotransplratton generally exceeds 

precipitation, consequently conditions for leaching usually do not exist. 

Nitrate may move downward with percolating water but not so far that it cannot 

be reached by plant roots or 1110ve back up as soil water Is drawn up by crop 

uptake and evaporation . Under these conditions, the potential for nitrate con

tamination of ground water is much reduced. An annual precipitation limit of 24 

- inches is specified in the rule because this limit corresponds to the area of 

the state wtiere a nitrate soil test is used by the University of Minnesota to 

determine crop nitrogen requiret11ents. This soi l test is based on the fact that 

nitrate in the soil profile will not leach, but wil l be available the following 

growing season for crop uptake. 

-

Application Rates. 

6 MCAR § 4.6111 E.1-E.4, G.11 

6 MCAR § 4.6121 A.2.e 

Because the nitrogen content of sewage sludge is a major reason why sewage 

s ludge is desirable as a soil amendment , crop nitrogen requi rements are used as 

the basis for determining application rates, except when metal appl ication rates 

are the limiting factor. The amount of sewage s ludge that may be applied to a 

crop will depend on the amount of available nitrogen In the sludge, the nutrient 

requirements of the crop and the texture of the soil. Excessive applications of 

nitrogen wi ll increase the potential for contamination of surface and ground 

waters and impair the quality of some crops. The nitrogen which Is of concern 

is the nitrogen wh ich is in the available form (readily mineralized and 
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inorganic). The total nitrogen In sewage sludge is not available for crop 

uptake or movement in solution, most is bound In organic forms . The amount of 

available nitrogen in sewage sludge has been determined by research studying 

mineralization of sewage sludge organic nitrogen and volatilization of a111nOnia 

from sewage sludges produced by various treatment processes. The amount of 

nitrogen that crops can utilize has been determined by agricul tural research and 

is discussed in the part of this statement dealing with the appendices. The 

proposed rules correlate the amount of available nitrogen in the sewage s ludge 

with the amount that a crop can utilize to determine the acceptable appl ication 

rate . In addition, the soil texture is taken into account in the determination 

of crop nitrogen requirement because the soil texture and related conditions 

wi ll be a major factor in denitr ification. Hore nitrogen may be applied to 

crops on medium and fine textured soils because of the increased potential for 

gaseous loss of nitrogen via denitrification . 

When sewage sludge Is applied to fal low l and, there is no crop utilization 

basis for determining acceptable application rates. The fallow land application 

rates specified in the rule represent estimates of the amount of ni t rogen that 

will remain in the rooting zone under low precipitation and low soil per

meability conditions. 

The proposed rules also require that a crop be produced the year after 

sewage sludge is applied to fallow land. In addition to the nitrogen that was 

inmediately available from the sewage sludge, more nitrogen becomes available as 

the organic matter in the sewage sludge mineral izes. This 111akes It especially 

important to produce a crop the year after sewage sludge i s applied to fa llow 

and to subtract the amount of nitrogen already in the soil from the total amount 

the crop wil l require. 
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Sewage sludge contains relatively high concentrations of phosphorus that will 

usually provide more than the crop requires when sewage sludge application rates 

are based on nitrogen requirements. After repeated applications, phosphorus 

may build up to very high levels in the surface soil. Most soils are able to 

retain a large amount of phorphorus within top few inches of soil which prevents 

phosphorus from moving down to ground water . In addition to being an efficient 

use of a resource, high levels of phosphorus in the surface soil may increase 

the potential for surface water contamination. If soil containing high levels 

of phosphorus is eroded and transported to surface water, it may contribute to 

- excessive algal growth which will diminish the quality of that water. Four 

hundred pounds of extractable phosphorus per acre is a reasonable limit because 

it Is within the amount that can be retained by the soil and is considerably 

above the level that Is considered very high for crop production. 

In order to prevent the accumulation of salts in the soil surface, the pro

posed rules require that the electrical conductivity, which is a measure of the 

concentration of soluble salts, be less than four millirmos per centimeter. 

Four millimhos per centimeter is the point where some plants begin to show 

adverse effects and reduced yields due to high soil salinity. 

In order to ensure that sewage sludge is not causing adverse soil effects 

and to ensure that soil conditions are acceptable for successful crop produc

tion, the proposed rules require certain analyses to be conducted on a yearly 

~ basis. The parameters that must be monitored affect the management and produc

'W" tivity of the landspreading operation. The required analyses are routinely con

ducted by various soil testing laboratories for a reasonable fee. 

6 HCAR § 4.6111 C.1-C,3, D. 

6 HCAR § 4.6121 0.2.e-D.2.g 
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The proposed rules specify application limits for heavy metals in order to 

prevent their accumulation in the soil and subsequent contamination of surface 

and ground waters, but mainly to protect the productivity of the land and the 

quality of the crops produced. 

The soil pH, cation exchange capacity (CEC) , type of crop and the amount of 

cadmium applied annually and cumulatively all affect the amount of cadmium that 

is accumulated in the crop. Each of these aspects is addressed by the EPA cri

teria for classification of solid waste disposal facilities (40 CFR Part 257). 

The proposed rules are essentially the same as the EPA criteria with one excep

tion. The EPA criteria allow two levels of cumulative cadmium application 

depending on the background soil pH. In Minnesota, no reliable 11eans of deter

mining background soil pH is available. After consulting with EPA staff and 

University researchers it was determined that the available methods to determine 

background pH are subjective and do not, in most cases, provide a relevant indi

cation of what soil conditions will be in the future. Because the pH of the 

soil during the first few years after sewage sludge application is the most 

important factor in controlling plant uptake, the EPA criteria have been adapted 

to be more relevant to existing conditions in Minnesota and to reflect the 

results of current research on and understanding of cadmium/soil relationships. 

The proposed rules specify that the maximum amounts of cadmium allowed by 

the EPA criteria may be applied, regardless of the soil ' s background pH. In 

some cases, this maximum level may exceed the level that would be allowed by the 

EPA criteria, if the background pH could be detennined. However, since soil pH 

does not decrease rapidly with time and several years are available for the soil 

to bind cadmium, an eventual decrease in pH will not produce excessive cadmium 

availability. Therefore, it is reasonable to regulate soil pH only at the ti111e 
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of sewage sludge application. It is not reasonable to base cadmium application 

rates on a factor that cannot be measured (background soil pH). Therefore, the 

Agency feels that the most reasonable course is to allow the application of cad

ml1111 to all land at the maximum safe levels that the EPA will allow and also to 

require that the pH be maintained at a level which will reduce crop uptake of 

cadmium for several years after sewage sludge is applied, which is the time that 

cadnllum is 110st available for uptake. 

Under certain conditions It Is reasonable to allow cadmium applications in 

excess of the cumulative limits. The acceptable conditions for appllcation, of 

high levels of cadmium are based on the EPA criteria for application of 

excessive cadmium to land, and in addition, the proposed rules require that 

vegetative tissue be sampled to ensure that excessive cadmium has not accumu

lated in the crop. Monitoring of vegetative tissue is also required if the 

annual cadmium application limits are exceeded, If certain crops are grown, or 

If the soil pH at a facility is lower than the required minimum. 

The other heavy metals, copper, zinc, lead and nickel, are regulated because 

of their potential to impair crop growth llfflen high levels are present in the 

soil and because of the potential for adverse animal health effects from 

ingestion with soil. Unlike cadmium, there is very little concern that the 

annual application rates of these metals will produce adverse effects. However, 

repeated applications will produce high soil concentrations. for this reason, 

only cumulative application limits are specified in the proposed rules. The 

limits are based on the cation exchange capacity (CEC) of the soil. The use of 

soil CEC does not mean that metals added with sludge are retained as exchangeable 

cations . The CEC 1s used as an Index because it is related to soil properties 

which will minimize the plant availability of metals and it is easi ly estimated. 

-44-

The app 1 icat ion 1 imi ts are recommended by the EPA and were developed by joint 

efforts of researchers in various Agricultural Experiment Stations, the U.S. 

Department of Agriculture and the U. S. EPA, and are also used in guidelines and 

rules from other states. 

Management 

6 MCAR § 4.6111 J.8., K.5 

The application rates specified in the rules are based on pounds per acre. 

It is important that the sewage sludge be landspread evenly over the entire 

application area. If large amounts of sewage sludge are applied to some areas 

and none to others, mitigating soil and crop mechaniSIIIS may not be able to ade

quately treat the waste components and the pollution potential may be increased. 

Therefore, the proposed rules specify that sewage sludge IIIUSt be applied evenly 

and uniformly to the site. 

Where sewage sludge is stockp11ed for a long period, there is an Increased 

potential for more sewage sludge to be left on the soil beneath the stockpile 

then is applied to the rest of the area. If sewage sludge Is stockpiled several 

times on the same location, the so11 may not be ab le to ass im11 ate the addi-

t iona 1 waste components and pollution may occur. Therefore, the proposed rules 

require that long term stockpiles not be located at the same area for two or 

more consecutive years. This will ensure that the storage area is cropped at 

least every other year and thus utilize added sludge nitrogen and allow the soil 

at least a twelve month period to assimilate waste components. 

6 MCAR § 4.6111 8.2-8.5 

6 MCAR § 4.6121 C.2.c, D.2.a-D.2.b 

The proposed rules require certain condi tions which will minimize the 

potential for disease transmission as a result of the pathogenic organisms in 
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sewage sludge. The proposed rules require that the sewage sludge must either be 

further treated to reduce pathogens or the landspreading operation must be 

111anaged so that pathogens cannot contact a host . 

Processes to further reduce pathogens (PFRP) are specified in 6 MCAR § 4.6136 

and involve the treatment of sewage sludge so that it is essentially free of 

pathogenic organisms. A PFRP is required If access to the operation is not 

controlled, or ff livestock will be grazing within one month of sewage sludge 

appl ication, or crops for direct human consumption are grown on the sewage 

sludge application area . If the sewage sludge Is not treated by a PFRP, the 

A.proposed rules specify various activities that the area may not be used for 

W until certain time periods have passed. The requirements in the proposed rules 

regarding PFRP and land uses for pathogen control are adopted from the EPA cri

teria for the classification of solid waste disposal facilities (40 CFR Part 

257) . 

Additional measures to reduce contact with pathogens have been Included in 

the proposed rules. The proposed rules specify that sewage sludge may only be 

applied to forage crops when foliage is minimal. Sewage sludge will adhere to 

vegetation and increased levels of metals, synthetic organic compounds and 

pathogens may be added to the animal diet If sewage sludge Is applied to 

foliage . By limiting the time period after cutting forage, the proposed rules 

ensure that the minimum leaf area will be exposed and new plant growth will not 

be affected by the application of sewage sludge. 

- 6 MCAR § 4.6111 G.g, K.4 

6 MCAR § 4.6121 C. 2.b 

Liquid sewage sludge applications are limited tn the proposed rules so that 

sewage sludge does not remain on the soil surface for long periods of time 
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where it can produce nuisance conditions and also Increase the potential for 

direct contact with pathogens or disease transmiss ton through vectors such as 

flies and domestic animals. The maximum gallon rates that are specified for 

sites are based on the soil texture. Coarse soils are more permeable than fine 

textured soils, therefore, more liquid can be applied without ponding on the 

surface. The maximum application rates are specified for sites because it would 

be time consuming and burdensome for treatment plant operators to determine site 

specific application rates based on sewage sludge and soil characteristics at 

the time of sewage sludge application. Operators of facilities which may 

receive repeated applications of liquid sewage sludge must determine the 

appropriate application rates according to the specific characteristics of the 

soi l and the sewage sludge, so that the sewage sludge applied will Infiltrate 

Into the soil in a day. 

An additional provision of the proposed rules requires that sewage sludge 

not be applied to ponded areas because such areas do not provide the infiltra

tive capacity necessary to minimize the disease and nuisance condition potential 

of ponded sewage sludge. 

6 MCAR § 4.6111 1.1, J.l 

6 MCAR § 4.6121 A.2.f 

The proposed rules establish three categories of sewage sludge storage 

short term, long term and storage at a facility, which may be continuous. The 

time spans which are allowed are based on the various storage needs for 

landspreading. Short term storage Is storage for as long as one month at a 

landspreading site. Several days may be required to deliver enough sewage 

sludge to a landspreading site and In some cases, landspreadlng may not be con

ducted due to equipment failure, adverse weather conditions, or scheduling 

conflicts . Therefore, the proposed rules stipulate that sewage sludge must be 
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soon as conditions permit, but recognize that conditions may prevent 

for a considerable titne. Thirty days Is a reasonable time span to 

allow the operator to either landspread the sludge or find a storage area 

suitable for long tenft storage. 

Long tena storage is allowed so that s ludge generated during the winter or 

Season ma.y be stored at the intended application area until during the growing 

the fields are accessible. Except under certain conditions , long term storage 

1 th 1 dge Those conditions is only allowed at the site .tlich is to rece ve es u • 

will allow a property owner .tio proposes to have sludge appllert to several parts 

of his property to store the sludge at one location If all the application sites 

are located with in a half mi l e radius. The restr iction is Intended to prevent 

the establishment of central storage areas containing s ludge intended for use 

on many landspreading sites in the area. The land sui tability requirements 

Storage are based on the assumption that a reasonable regarding sewage sludge 

amount of sewage sludge will be stockpi led at a site and allowed to crust over. 

A certain i!IIIOunt of nuisance is inevitable from the dust, noise and odors asso

ciated with sewage s ludge hauling. However, after sewage s ludge is delivered, 

nuisance conditions should diminish. Allowing sewage s ludge to be stockpiled at 

a central landspreading s ite but landspread at other sites would be an unreaso-

t t Also, several townships in nable burden for the residents in an area o accep • 

Minnesota prohibit stockpiling of sewage sludge. Without the restriction in the 

proposed rules, local prohibitions may lead to the stockpiling of large quan

tities of sewage s ludge in other townships or counties that do not have ordinan

ces against stockpiles. 

Sewage sludge may be stored on a continuous basis at landspreading facili

ties although the method of storage will vary according to the design of the 

fac il ity. The proposed rules establish acceptable standards for liquid and 
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dewatered sewage sludge storage. The seepage restriction for liquid sewage 

sludge storage is based on a study developed by the Agency with the aid of a 

consulting firm which addresses the acceptable rate of seepage from municipal 

waste treatment ponds. Storage pads for dewatered sludge must be constructed to 

prevent cracking and subsequent leachate Infiltration. 

6 MCAR § 4.6111 K.2 

The proposed rules require that the permission of the landowner be obtained 

before sludge is applied to the land. This is required because some aspects of 

sewage s ludge landspreading may affect the land use for some time after the 1ni

t lal sewage s ludge application. For example, a landowner may rent land for one 

year and plan to grow vegetable crops the next year. If the renter applies 

sewage sludge, the landowner will not be able to produce certain crops the next 

growing season. This requirement also provides an additional safety fact.or to 

ensure that sewage sludge is properly applied and managed by requiring per

mission from the person most interested in the long ter111 care of the property. 

6 MCAR § 4.6111 H.4, K.6 

The proposed rules also require that the boundaries of the sewage s ludge 

application area be clear ly marked in orrter to prevent the lnadvertant applica

tion of sewage sludge to areas which should not receive sewage sludge. It is 

important that sewage s l udge not be applied where soil or site characteristics 

are unsuitable and to avoid the application of sewage sludge to adjoining pro

perty or road right-of-ways. It Is not reasonable to expect that the operator 

of the application equipment wi ll be able to Identify unsuitable soils or 

unmarked property lines at the time of sewage sludge application. Therefore , 

the proposed rules require that such boundaries be identified prior to sewage 
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sludge application and remain marked during the time sewage sludge is being 

applied. 

6 fl'CAR § 4.6111 K.7 

The putrescence of a sewage sludge is based on the level of volatile solids 

contained in It. Putrescence l s an Indication of the odors and vector attrac

tants that will be generated at the application area. A sewage sludge which 

Is hlgt,ly putresclble wil l create nuisance conditions for the residents of the 

surrounding area. Incorporation of the sewage sludge Into the soil will promote 

the microbial dec0111P<>sltion of the volatile solids and prevent odor release Into 

the ai r. In -,st cases, increased levels of pathogen reduction will decrease 

the putrescence of the sewage sludge. However, this does not apply in all cases 

and the degree of pathogen reduction cannot be used as an index of odor poten-

tial. 

6 MCAR § 4.6121 A.2.a, 8.2.f 

Landspreadlng facilities are required to have a ground water, and In some 

cases , a surface water 1110nltoring program because of the potential for Intensive 

use of the property. A program to fflOnltor ground water Is required for all 

facilities In order to 1) ensure that ground water quality beyond the facility 

boundary Is not affected, 2) alleviate public concerns regarding the operation 

of the faci l ity and J) provide protection for the municipal ity which operates 

the facility in the event that an unidentified source Is polluting the ground 

water In the area. Also, In some cases facilities wi l l be allowed to apply 

- sewagi! s l udge In excess of agricultur al rates, and monitoring wells will also 

serve to signal changes in ground water quality so that the landspreadlng opera

tion can be modified or discontinued. 
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A reasonable mini- number and qeneral location of the required 110nlt orlng 

wells is specified In the proposed rules t o ensure that reli able, relevant data Is 

obtained . Often, a single monitoring well is not able to provide consistent, 

accurate data. A second well at the s- depth will provide a 111eans of back-up 

sampling and verification of data. Upgradlent and downgradlent wells are 

requ ired In order to establish background water quality and to deten1lne If the 

facil i ty i s causing a change in water quality. Two wells located wi thin the 

landspreadlng area will provide early warning of changes In ground water qual ity. 

Although the frequency of sampling and the par-ters which IIUSt be analyzed 

must be established before faci lity operat ion, i~ is not reasonable to establ ish 

the monitoring prograni requirements in the proposed rules. Faci lities wi l l vary 

a great deal in operation, soil char acteris tics and sewage sludge cOIIP()Sltlon 

and the same monitoring program will not apply to all situations. However, the 

factors .tilch will be considered by the Director In developing a 111onltorlng plan 

have been Included in the proposed rules. This degree of discret ion Is 

necessary In order to provide more stringent controls for facilities with a high 

potential without requi ring the s- leve l of 110nltorlng for a facility whleh, 

due to Its location and operation , presents very little potential for con• 

taminatlon . An applicant for a landspreadlng faci lity pel"fflit will be able to 

estimate the facility' s 1111nltoring needs based on the lnfon11atlon provided in 

the proposed rules and the information obtained fr0111 the site Investigation. 

for example, an applicant for a fac ility which Is located over a -ldely used, 

shallow aquifer and .tiich will be receiving high level s of nitrogen will know 

that frequent analyses for nitrate will be required. An appl icant for a faci

lity which will be operated according to all the requl re11ents for a landspread

lng site will know that he will probably not be required to conduct 110re than• 
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very basic monitoring program, 

Surface water monitoring may be required if there is a discharge of drainage 

or runoff water to surface water. As was discussed with ground water moni

toring, the parameters and frequency of monitoring are not specified in the pro

posed rules. However, the factors which the Director will consider In establish

Ing a monitoring program are listed In the proposed rules to enable the applicant 

to estiniate monitoring needs. 

C. Reasonableness of Record-keeping and Annual Reporting 

6 HCAR § 4.6112 

6 HCAR § 4.6122 

In order for a political subdivision to determine If it is applying the 

appropriate quantity of sewage sludge to a site or facility, accurate records 

must be kept and regularly updated. If a record-keeping system Is not main

tained , excessive quantities of nitrogen, zinc, lead, nickel, copper, and/or cad

mlUIII may be applied. 

Since a landspreadlng approval or pennlt may be In effect for a period of 

five years, a regular reporting of Important Information Is needed to detennlne 

compl iance with the proposed rules. The lnfonnation in an annual report will be 

stored at the Agency to ensure that no parcel of land in Minnesota will receive 

quantities of metals In excess of limitations . This is especially Important 

since sites may, over many years, be used by more than one treatment plant. 

D. Reasonableness of Appendices 

lli,pendices have been Included In the proposed rules to provide more detailed 

infonnatlon relating to certain aspects of the proposed rules In an accessible 

form. It Is necessary to provide Information regarding standard procedures for 

sampling and analyzing the various parameters required by the proposed rules In 
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order to ensure that the data obtained Is reliable and to provide an lnfonnatlon 

base other than Agency staff for treatment plant personnel to refer to. The 

appendices also provide an easily understood procedure for detennlnlng the 

amount of sewage sludqe that can be applied to a crop, because this deter

mination Is basic for any sort of landspreadlng operation. A description of the 

treatment plant processes which reduce and further reduce pathogen levels are 

necessary to establish operating standards for the process In a relevant and 

understandable manner. 

6 HCAR §§ 4.6131 - 4.6134 

These appendices provide information on standard sa~le col lection procedures 

and where to obtain Information for detailed analytical 111ethods. Collection and 

sample storage and preparation procedures which are c01m10nly used and scien

tifical ly acceptable have been detailed in the proposed rules. The actual ana-

' lytical techniques used to measure the various required parM1eters are much more 

complex and in most case~. several options are available. Economic or time 

constraints and laboratory availability may be factors In determining the type 

of analyses conducted. Therefore , the proposed rules provide for alternative 

analytical procedures "1ich will still provide reliable, relevant data. The 

references provided in the appendices for analytical procedures are generally 

available and obtaining them will not present an unreasonable burden for analy

tical laboratories or treatment plant personnel. 

6 HCAR § 4.6135 

The crop nitrogen requirements are usually the basis for determining sewage 

sludge application rates. The laboratory determination of total nitrogen which 

is submitted with the landspreadlng proposal must be converted to show the 

amount of crop available nitrogen In the sludge. A forwula for determining the 
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available nitrogen per ton of sewage s ludge has been developed through research 

on nitrogen mineralization rates and anmonia volatilization. The formula In the 

proposed rules is reconnended by the EPA and has been used successfully In 

landspreading programs in Minnesota conducted under the quldelines and the 

Temporary Sewage Sludge Disposal Standards (6 MCAR § 4.8050). 

6 MCAR § 4.6136 

Several requirements wi thin the proposed rules refer to the degree of patho

gen reduction In the sewage sludge. The actual process standards necessary to 

- produce the acceptable levels of pathogen reduction are specified in this appen

dix. The operating procedures for most of the conmonly used treatment pro

cesses are specified and are the sa111e as the standards required for pathogen 

reduction in the EPA criteria for the c lassification of solid waste disposal 

facil ities (40 CFR Part 257). These standards represent the methods which must 

be used to produce a ten-fold reduction in pathogen levels (PSRP) or to produce 

a sewage sludge which is essentially pathogen free (PFRP). However , many treat

ment plants In Minnesota use pathogen reduction processes which do not flt 

with in the standards specified but which are effective to reduce pathogens. 

Processes .tlich do not meet the standards provided in the proposed rules must be 

evaluated by the Director. It Is reasonable to consider other factors in addi

tion to the actual treatment process when making a determination of the poten

tial for disease transmission from the land application of the sewage sludge. 

- The factors .tllch wi ll be considered In the Director's decision are specified in 

the proposed rules and all relate to the degree of risk .tiich a proposal may 

present. 
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V. ESTIMATED TOTAL COST TO LOCAL PUBLIC BODIES TO IMPLEMENT THE PROPOSED RULES. 

A. lntroduct ion 

There are two major cost categories that must be addressed when determining 

the expense of the proposed sewage sludge management rules. The first major 

cost Is that which would be expended to get a landspreadlng site approved by the 

MPCA. After discussion with Individuals that are currently involved in getting 

site approval , Table l was formu lated. Table 1 lists each task that must be 

undertaken to obtain and operate a landspreading site along with the average 

time necessary to perform each task . Additional costs for the borings required 

at long-term storage sites are also Included in Table 1. Since the proposed 

rules do not require that landspreadlng facil ities be established, these costs 

are not Included in the assessment. 

TABLE 1 

Tasks and estimated costs for obt aining a landspreading site. 

A. Man hours Involved 

Finding wil ling landowner. 
Explaining sludge landspreadlng program. 
Col lecting and evaluating site infonaatlon. 

Boundaries USGS Maps 
Legal Description Soil Haps 
Separation Distances 

Taking soil sample and ship to lab. 
Filling out application form • 
Stak ing site boundaries. 
Updating and maintaining site records. 

B. Costs 

11 Han hours@ SIO/hour 
1 Soil sample@ SIO/sample 

1 hour 
1 hour 
4 hours 

2 hours 
1 hour 
1 hour 
1 hour 

$110 
10 mo 

C. Additional costs for long-term storage site. 
Three man hours for soil boring@ $10/hour ~30 
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The second major cost is that for sampling and analyiing sewage sludge. 

All publicly owned treatment works (POTW' s) will have to analyze their sewage 

sludge at a frequency detemined by POTW design flow. A total sewage sludge 

analysis cost approximately S220.00 for the parameters l isted in Table 2. In 

addition to the total sewage sludge analytical costs, certain municipalities 

will be required to analyze for specific metals at a frequency greater than 

the minimum. From past experience, It is doubtful that any municipal ity will 

have t o analyze for PCBs at a frequency greater than the minimum since most 

sewage sludges contain levels less tha.n Smg/kg. Analytical costs for a single 

metal Is typically S20.00. 

Tab le 2 

Parameters included in a total sewage sludge analysis. 

p 
total solids 
volatile solids 
kjeldahl nitrogen 
affll!Onia nitrogen 
polychlorinated biphenyls 

z nc 
copper 
lead 
nickel 
cadmium 
chromium 
mercury 

Tables 3 and 4 sunmarize the cost analysis which is discussed in the 

remainder of this section. The cost analysis does not take into consideration 

that certain costs and responsibilities are required under Federal regulations 

(40 CFR Part 257). These costs Include sewage sludge analysis for cadmium and 

PCBs, protection of surface and ground waters, sewage sludge treatment for the 

reduction of pathogens, soil analysis for pH and cation exchange capacity, and 

public access control. Because of these cost and responsibilities required by 

Federal regulations, the costs added by the proposed sludge rules will be much 

less than that estimated in Tables 3 and 4. Also, the municipalities that will 
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be affected by the proposed rules are currently regulated by the temporary rules 

governing sewage sludge disposal (6 MCAR 4.8050). The costs illll)Osed by the tem

porary rule are of similar magnitude as the ones estimated in Tables 3 and 4 

for the proposed rules. Therefore, municipalities should not notice a substan

tial increase in sewage s ludge management costs after the proposed rules are 

adopted. 

TABLE 3 

Estimated total cost to local public bodies to implement the proposed rules. 

1. Site Costs 

830 Landspreading sites@ Sl20/site 
70 Long term storage sites@ S30/slte 

S99,600.00 
2,100.00 

2. Sludge Analysis Costs 

3. 

304 total analyses@ S220/sample 
874 additional metal analyses@ S20/sample 

Estimated Total Cost 

TABLE 4 

$66,880.00 
17,480.00 

Sl86,060.00 

Breakdown of annual and initial costs to local 
public bodies to implement the proposed rules. 

1. Annual Costs 

Tot al sludge analyses S66,880 
Additional sludge analyses 17,480 
830 soil samples (2 hours x SlO + SlO/saJlll)le) 24,900 
830 site record updating (1 hour x SlO) 

1
~•~28 

Sl , 
2. Initial Costs 

830 landspreading sites (minus soil sampling 
and record keeping) S66,400 

70 long term storage sites 2,100 

3. Estimated Total Costs S186,060 
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B. Costs to P0TW's with Design Fl~ more than 20 mgd 

Only two treatment facilities in Minnesota fall within this category-

Metropolitan Waste Control Conmission (HIICC) and Western lake Superior 

Sanitary District (WLSSD)-- therefore, the economic analysis can more 

specifically relate to the two sludge programs. 

1. Costs to HIICC 

It is assumed that 50% of the yearly production of HIICC sewage s ludge will 

be landspread. This is a dewatered sewage sludge and some storage at sites is 

anticipated. One-half of the annual sewage sludge production is approximately 

- 90,000 dry tons. An average application rate is 20 tons per acre, therefore a 

minimum of 225 forty acre landspreading sites are required. In addition to the 

sewage sludge produced at the main plant, several satellite plants produce 

sewage sludge that is, or may be landspread. It is assumed that a total of 2600 

acres (65 sites) will be required for these plants. It Is also assumed that 

long-tenn storage will take place at 50 of the 225 landspreadlng sites. 

-

The minimum sewage s ludge ana lytical frequency for the main plant is four 

times a year. According to current analyses, it appears that nickel will have to 

be analyzed eight times per year, and cadmium twelve times per year. 

Based on their design fl~, the satellite plants that may landspread sewage 

sludge--Anoka, Cottage Grove, Hastings, Blue lake, and Stillwater, Bayport and 

Rosemount-- would need a minimum of 13 sludge analyses per year. Assuming each 

plant had one metal that would have to be analyzed more frequently due to higher 

concentrations, 13 additional metal analyses would be required. 
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TABLE 5 

Estimated Total Cost to HWCC 

!. Site Costs 

290 landspreading sites@ Sl20/site 
50 long-term storage sites@ $30/site 

2. Sludge Analysis Costs 

17 total analyses@ S220/sample 
25 additional metal analyses@ $20/sample 

3. Estimated Total Cost to II/CC 

2. Costs to WLSSD 

$34,800.00 
1,500.00 

SJ, 740.00 
500.00 

$40,540.00 

All of WLSSD' s sewage sludge production is currently landspread. This 

amounts to approximately 15,000 dry tons per year. At an average application 

rate of 10 tons per acre, about 40 forty acre sites would be required to 

landspread this amount of sewage sludge. It is assumed that half of these sites 

will have long-term sewage sludge storage. The mini- sewage sludge analytical 

frequency is four times per year . Based on the current sewage sludge com

position , no additional metal analyses would be required. 

TABLE 6 

Estimated Total Costs to WLSSD 

1. Site Costs 

40 Landspreading sites~ $120/site 
20 long-term storage sites@ $30/site 

2. Sludge Analysis Costs 

4 total analyses@ $220/sample 

3. Estimated Total Cost to WLSSD 

$4,800.00 
600.00 

$880.00 

$6,280.00 
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C. Costs to P0TW's with Design flow of 1 to 20 mgd 

In Minnesota there are 33 wastewater treatment facilities within this cate

gory. four of these have a design flow between 10 and 20 mgd, four have a 

design flow between 5 and 10 119d, and 25 between 1 and 5 mgd. for every 1 mgd 

of flow it ts assumed that one dry ton of sewage sludge is produced (365 dry 

tons per year). Utilizing these figures, approximately 50,000 dry tons of 

sewage s ludge per year are produced by the 33 treatment faci l ities in this cate

gory. At an average application rate of five tons per acre, approximately 300 

forty acre l and-spreading sites are needed for sewage sludge disposal. 

The mint- sewage sludge analytical frequency for this category is twice 

per year (66 analyses). AssUffltng each treatment facility must analyze for one 

metal at two times the mlmt- frequency and for another metal at three times 

the minimum frequency, an additional 198 metal analyses will be required for 

these facilities. 

TABLE 7 

Estimated total costs for P0T\l's with design flows of 1 to 20 mgd. 

l. Site Costs 

300 landspreading sites@ Sl20/slte 

2. Sludge Analysis Costs 

66 total analyses@ S220/sample 
198 additional metal analyses 

@ S20/sample 

S36,000.00 

S14,520.00 

3,960.00 

3. Estimated Total Costs for This Category $54,480.00 

D. Costs to P0T\l's with Oesign flow less than 1 mgd 

ln Minnesota there are 217 wastewater treatment facil i ties within this cate

gory. Assuming an average design flow 0.5 mgd for these facilities and one dry 
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ton of sewage s ludge produced per mgd, approximately 40,000 dry tons of sewage 

sludge would be generated by the 217 facilities 1n one year. At an application 

rate of five dry tons per acre, 200 forty acre landspreading sites are 

necessary. 

The minimum sewage sludge analytical frequency for this category is once per 

year (217 analyses). Assuming each treatment fac111ty must analyze for one 

metal at twice the minimum frequency and for another metal at three times the 

minimum frequency, an additional 651 metal analyses will be required. 

TABLE 8 

Estimated Total Costs for P0T\l's with design flows of less than 1 mgd. 

1. Site Costs 

200 Landspreadlng sites@ Sl20/site 

2. Sludge Analysis Costs 

217 total analyses@ S220/sample 
651 additional metal analyses@ 

S20/sample 

$24,000.00 

$47,740.00 

SlJ,020.00 

3. Estimated Total Costs for This Category $84,760.00 



-

-61-
VI. EXHIBITS 

The following references were uttltzed tn the rlevelopment of the proposed rules. 

U.S.O.A. Soi l Conservation Servtce. 
1972. Soil survey laboratory iaethods 
and procedures for collecting soil 
Slllll)les. Soi l Survey Investigation 
Report 1 (revised). U.S. Government 
Printing Office. Washington, D.C. 

Journa 1 of Environmenta 1 Qua 1 ity 
Vol. 10. , 1981. 

47. 142. 255. 536. 
54. 145. 266. 510. 
59. 148. 284. 556. 
64. 169. 374. 465. 
69. 177. 377 . 
9B. 188. 401. 

216. 416. 
243. 491. 

Standard Methods for the Exa111inatlon 
of Water and Wastes. American Pub
lic Health Association, American 
Water Works Association, Water 
Pollution Control Federation. 1975. 
Four teenth Edition • .-.erlcan Pub
blic Health Association. 

U.S.O.A. Soi l Conservation Service. 
Soll TaxoOOllly. Agriculture Hand
book No. 436. 1975. 

Journal Of Environmental Quality. 
Vol. 9. , 1980. 

pages: 673. 
31. 

677 . 
21. 

359. 
13. 

497. 
373. 
512. 

261. 
69. 

451. 
297 . 
243. 
505. 
23. 

Schwab, Barnes, Freuert, Edrninistry, 
Elementary Sol l and Water Engineering. 
John Wtley and Sons. Inc. , New York. 
1971. 

Journal of Environmental Quality 
Vol. 8., 1979. 

pages: 353. 
233. 
342. 
557. 
79. 
35. 

202. 
63. 

416. 

339. 
69. 

322. 
450. 
455. 

72. 
287. 
407. 
202. 

Journal of Environmental Quality 
Vol. 1., 1978. 

pages: 73. 
455. 
193. 
133. 
516. 
30. 

252. 
141. 
213 . 
274. 

477. 
119. 
435. 
559. 
551. 
506 . 
413 . 
264 . 
269 . 

217. 
286. 
124. 
181. 
450. 
165. 
222. 

Journal of Environmental Quality 
Vol. 6. , 1977. 

pages: 313. 
339. 
345. 
352. 

72. 
225. 
421. 
459. 
271. 
245. 

47. 
379. 
446. 
52. 
67. 
42. 
4. 

279. 
7. 

Ol son, R.A. , J.J. Army, JJ. Hanway, 
and V.J. Kilmer. Fertilizer 
Technology and Use. Second edition. 
Soll Sc lence Soc lety of America. 
Madison, WI. 1971 . 

U.S.O.A., S.C.S. Getting the most ••• 
out of your raindrop. Hydrology 
Guide for Minnesota. St. Paul, MN. 

Journal of Envirornental Quality 
Vol. 5. , 1976. 

pages: 417. 
39. 

330. 
419. 
26. 

335. 
165. 
246. 
422. 

161. 
19. 
23. 
57 . 

303. 
102. 

Journal of Environmental Quality 
Vol. 3., 1974. 

pages: 376 . 
361. 
238. 
24. 
68. 
83. 

250. 
369. 

156. 
374. 

Journal of Environmental Quality 
Vol. 2. , 1973. 

pages: 282. 
89. 

351. 
489. 
411. 
356. 
345. 

Journal of Environmental Quality 
Vo 1. l., 1972. 

pages: 410 
325 

pages: 169 

442 
228 
167 
295 

-62-

Journal of Envlrormental Quality 
Vol. 4. , 1975. 

pages: 488. 
207. 
278. 
394. 
252. 
426. 
388. 
455. 
229. 

460 
170. 
139. 
123. 
554. 
423. 
505. 
267. 

U.S.E.P.A. Review of Landspreading of 
Liquid Municipal Sewage Sludge. 
EPA-670/12-75-049 June 1975. 

Land Appl1cation of Municipal Sludge-
What 1s it and what are its potentials? 
August 1977. Cooperative Extension 
Service. Michigan State University. 
East Lansing, MI . 

Guidelines for the Application of 
Sewage Sludge to Land. AgrollOlly 
Ml11e0, June 1976. Oepart111ent of 
Agra-any, University of Maryland. 

Land Application of Sewage Sludge 
for Crop Production. Special 
Circular 255. Pennsylvania State 
University. Cooperative Extension 
Service. University Park, PA. 

Utilization of Sewage Sludge on 
Agricultural Land. "9r01110ny Facts. 
Revised February 1976. University 
of Ill inois . College of Agriculture. 

Facilities Plan, Design Policy. 
Oepartllent of Heal th and Envlronaent. 
Oiv1sion of Envlr011111ent. Topeka, 
Kansas, August 17, 1978, 



-

-63-

Draft Rules Governing land Application 
of Sewage Sludge. Michigan. Department 
of Natural Resources. Water Quality 
Division. Lansing, Michigan. 

Rules for Municipal Sludge Utiliza
tion on Land. OepartMent of Envlron
lll!lltal Protection. Dlvlson of Municipal 
Services. Bureau of Water Quality 
Control. September 17, 1980. 
Augusta, Haine. 

Draft- Guidelines for Land Applica
tion of Municipal Sludge In New Hamp
shire. May 1981. New Hampshire Water 
Supply and Pollution Control C0111-
misslon and Bureau of Solid Waste 
Management. Concord, New Hampshire. 

State of Nebraska. Department of 
Enviro1111ental Control. Engineering 
Division 7. Guidelines and Require
ments for the Application of Was te 
Sludges on Agricultural land. 1977. 
Lincoln, Nebraska. 

Mississippi Guidelines for Sewage 
Sludge Disposal . State of Mississippi . 

Solid Waste Management Rules and 
Regulations. Dept. of Environinental 
Resources. Subpart C. Protection of 
Natural Resources. Article I. Land 
Resources. Pennsylvania. 

Draft Regulations for the 
Land Application of Sludge. ' 

~ Department of Environmental Quality 
W Engineering Division of Hazardous 

Wastes. Boston, Hass. 

Maine Guidelines for Municipal Sewage 
Treatment Plant Sludge Disposal 
on the Land. Miscellaneous Report 
175 . November 1975. The Life 
Sciences and Agriculture 
Experiment Station. Orono, Maine. 

State of Colorado. Department of 
Health Technical Policy. Guidelines 
for Sludge Utilization on land. 
Denver, Colorado. 1973. 

Guidelines for Land Application of 
Municipal Sewage Sludge. State of 
Idaho. Idaho Dept. of Health and 
Welfare. Divlson of Environment. 
Boise, Idaho. June 1979. 

Rules and Regulations for Individual 
and Subsurface Sewage Disposal Sys
tems. February 1978. Idaho Dept. 
of Health and Welfare. Boise, Idaho. 

Interim Guidelines for Municipal 
Sludge Disposal on land. State of 
Indiana. Stream Pollution Control 
Board. March 1981. Indianapolis, 
Indiana. 

Environmental Quality Rules, 
Chapters 25-33. Iowa Department of 
Environmental Quality. Des Moines, 
Iowa. 

Illinois Environmental Protect ion 
Agency. Technical Policy WPC-2. 
Draft copy. Second Edition. Design 
Criteria For Municipal Sludge 
Utilization on Agricultural Land 
April 1977. Springfield , 
Illinois. 

Effects of Wastewater Stabilization 
Pond Seepage on Ground Water Quality. 
Minnesota Pollution Control Agency 
Jan. 1978. by Eugene A. Hickok and 
Associate, Inc. Wayzata, MN. 

U.S.E.P.A. Process Design Manual for 
land Treatment of Municipal Waste
water. EPA 625/1-77-008. 

U.S.E.P.A. l and Disposal of 
Hexachlorobenzene Wastes . Control
ling Vapor Movement In Soi 1. 
EPA-600/2-80-119. August 1980. 

U.S.E.P .A. Sampling for Organic 
Chemicals and Microorganism In the 
Subsurface. EPA-600/2-77-176. 
August 1977. 

Minnesota Pollution Control Agency. 
Division of Water Quality. Facili
ties Section. Reconmended -Design 
Criteria for Stabilization Ponds 
{Aerated and non-aerated). July 
1980. Roseville, MN. 

H.w.c.c. Investigation on Storage, 
Hauling, and Land Spreading of 
Vacuum Filter Cake. June 1980. 

M.w.c.c. Sludge Utilization of Farm-
land. 

1) First Quarterly Report, January 
1-March 31, 1979. 
2) Report for Second Quarter, 1979 
April 1-June 30, 1979. 
3) Report for Third Quarter, 1979 
July 1-September 30, 1979. 

M.W.C.C. 1978. Residual Solids 
Management Study. Analysis of 
Inmediate Needs. 

-64-

M.W. C.C. Subsurface Injection of 
Rosemount Advanced Wastewater Treat
ment Plant Sludge. Yearly Summary 
1975. Project 74-47(386). 

M.W.C.C. 1975. Rosemount Subsurface 
Injection Test. Yearly SIJfflfflary. 
Project 74-47-10. 

H.W.C.C. Interim Sludge Disposal 
Program Quarterly Reports. 
January-June, 1981. 

H.W.C.C. Subsurface Injection of 
Digested Sludge - E111plre site. 
Yearly SU11111ary for 1975. 
Project 74-47 (389). 

H.W.C.C. Sludge Utilization on 
Fannland. 

1) Report for First Quarter, 
1980, January 1 to March 
31, 1980. 
2) Report for Second Quarter, 
1980. April 1-June 30, 1980. 
3) Report for Third Quarter 
1980. July 1-Sept., 30, 1980. 

H.W.C.C. lnterl11 Sludge Disposal 
Program for Metropolitan Waste
water Treatment Plant. June 1978. 

N.W.C.C. Program for Sludge Utiliza
tion on Farmland. Annual Report. 
1978, 

U.S.D.A. 1976. Utilization of 
Sewage Wastes on Land. Research 
Progress Report. St. Paul, MN 1976. 

U.S.D.A. 1975. Utilization of Sewage 
Wastes on Land. Research Progress 
Report. St. Paul, Hinnnesota. 



-

-

U.S.D.A. 1977. Utilization of 
Sewage Wastes on Land . Research 
Progress Report. St. Paul, 
Minnesota. 

U.S.D.A. 1978. Utilization of 
Sewage Wastes on Land. Re
search Progress Report, St. Paul, 
MN. 

u.s.D.A. 1974 . Utilization of 
Sewage Wastes on Land. Research 
Progress Report. St. Paul, MN 
Apr11 1975. 

u.S.D.A. 1980. Utilization of 
Sewage Wastes on Land. Research 
Progress Report. St. Paul, HN. 

U.S.D.A. 1979. Utilization of 
Sewage Wastes on Land. Research 
Progress Report. St. Paul, MN. 

Proceedings of the Fourth Annual 
Conference of Applied Research and 
Practices in Municipal and Industrial 
Waste, 1980 Madison, WI. 

Tisdale, Samuel L. , and Werner L. 
Nelson. Soil Fertility and Fertili
zers. Third edition. Macmil lan 
Pub. Co. Inc., New York , 1975. 

8erad, James 8. Turfgrass-Science 
and Culture. 1973. Prentice -
Hall, Inc. Englewood Cliffs, N.J. 

Brady, Nyle C. The Nature and Pro
perties of Soils. 8th edition . 
Macfflillan Publishing Co. Inc. 
New York, NY. 1974. 

-65-

Loehr , Raymond C. , William J. Jewell, 
Joseph D. Novak, William W. Clarkson, 
and Gerald S. Friedman . Land 
Application of Wastes Vol. 1 and II. 
Van Nostrand Reinhold Co. New York , 
NY. 1979. 

Guenzi, W.D. (ed.) Pesticides in 
Soil and Water. Soil Science Society 
of American. Madison , Wisconsin. 
1974 . 

Van Schilfgaarde, Jan. (ed.) Drainage 
for Agriculture. Agronomy Series. No.17. 
American Society of Agronom.v. 
Madison, WI 1974. 

U.S.O.A. S.C.S. Drainage of 
Agricultural Land. A Practical 
Handbook for the Planning, Design, 
Construction, and Maintenance of 
Agricultural Drainage Systems. Pub. 
by Water Information Center, Inc. 
1973. 

Luthin, James N. (ed.) Drainage of 
Agricultural Lands. American Society 
of Agronomy, Madison, WI 1957. 

Overcash, Michael Ray, and Dlliraj Pal. 
Design of Land Treatment Systems 
for Industrial Waste - Theory and 
Practice. Ann Arbor Science Pub. 
Inc. - Ann Arbor, HI. 1979. 

Chemistry in the Sol l Environment. 
Agronomy Society of America. Special 
Publication Number 40. 1981. 

Pearson, Robert W. (ed.) Soil Acidity 
and Liming. Agronomy Series No. 12. 
American Society of Agronomy. 
Madison, WI. 1967. 

Sopper, William E., Lewis T. Kardos. 
(editors) . Recycling Treated Munici
pal Wastewater and Sludge through 
Forest and Cropland. The 
Pennsylvania State University Press. 
University Park, PA. 1973. 

Gough, Larry P., Hansford T. 
Shacklette, and Arthur A. Case. 
Element Concentrations Toxic to 
Plants , Animals, and Man. Geological 
Survey Bulletin 1466. U.S. Dept. of 
Interior. 1979. 

Tomlinson, Hr. J. editor. 1974. 
Proceedings of the International 
Conference on Land For Waste Manage 
ment. The Agricultural Institute 
of Canada. Ottawa, Canada. October 
1973. 

Green Land Clean Streams--The Bene
ficia l Use of Waste Water Through 
Land Treatment. R. Michael 
Stevens . Center for the Study of 
Federa l ism. Temple University. 
Philadelphia, PA. 1972. 

Proceedings of the Second Annual 
Conference of Applied Research and 
Practice on Municipal and Industrial 
Waste . Madison, WI. Sept. 17-21, 
1979. 

U.S.E.P.A. Hazardous Waste Land 
Treatment. SW-874. Sept. 1980. 

U.S.E.P.A. Land Disposal of 
Hazardous Wastes. Proceedings of 
the Fourth Annual Research 
Symposium. EPA-600/9-78-016. 
August 1978. 

U.S.O.A. Agricultural Handbook No. 
60. Diagnoisis and Improvement of 
Saline and Alkali Soils, Feb. 1954. 

-66-

Lee, M.C., C.A. Griffin, M.L. Miller, 
and E.S.K. Chian. Absorption of Water
soluble Polychlorinated Biphenyl 
Aroclor 1242 and Used Capacitor Fluid 
by Soil Materials and Coal Chars. 
Journal of Environmental Science and 
Health, 1979. 

Criteria for Classification of Solid 
Waste Disposal Facilties and Pract
ices; Final , lnteriffl Final, and 
Proposed Regulations (as corrected 
in the Federal Register of Sept., 
21, 1979). 40 CFR Par t 257. Federal 
Register 53438-53468. Thurs., 
Sept. 13, 1979. 

Foth, H.O., and L,M, Turk. 
Fundamentals of Soll Science. 5th 
ed. John Wiley and Sons. New York 
NY. 1951. 

Alexander, Martin. Introduction to 
Soil Microbiology. Second edition. 
John Wiley and Sons, New York, NY. 
1977. 

Black, C.A., 0.0. Evans, J.L. ltiite, 
l.E. Ensminger, and F.E. Clark 
(editors). Methods of Soil Analysis, 
Chemical and Microbiological Pro
perties. American Society of 
Agronomy. Madison, WI. 1965. 

Black, C,A., D.D. Evans, J. L. White, 
L.E. Ensminger, F.E. Clark (editors). 
Methods of Sol l Analysis - Physical 
and Mineralogical Properties, In
cluding Statistics of Measurement and 
Sampling. American of Agronomy, Inc. 
Madison, WI. 1965. 

Hillel , Daniel. Soil and Water, 
Physical Principals and Processes. 
Academic Press, New York, NY. 1971. 



-

-

Minnesota Pollution Control Agency. 
Water Qual ity Monitoring At Solid 
Waste Disposal Sites 1n Minnesota. 
May, 1979. Roseville, MM. 

Minnesota Pol lution Control Agency. 
Recoawendattons for Application of 
Municipal Wastewater Sludges on 
land. August 1978, Roseville, MN. 

U.S.E.P.A. Manual of Methods for 
Che1111cal Analysts of Water and 
Wastes. EPA-625/6-74-003. 1974. 

Fenster, W111 1a111 E., Curtis J. 
Dverdah l, Charles A. S1mk1ns, John 
Grava, and Rober t P. Schoper. "Gulde 
to Computer Progranmed Sot ! Test 
RecOllllll!dat1ons In Minnesota. 1978. 
Agricultural Ext. Service. University 
of Minnesota. 

Sepp, Endel. Pathogen Survival In 
Sludge Stab111zat1on Processes. 
Dept. of Health Services. Berkeley, 
CA. October 1980. 

-67-

Sampling and Analysts of Soils, Plants, 
Waste Waters, and Sludge. Suggested 
Standardizat ion and Methodology. 
Research Publication 170 - North 
Central Regional Pub. 230. Kansas 
State University. Manhattan, KS. 

Minnesota Pol lution Control Agency. 
An Evaluation of Sewage Sludge 
Disposal on land. Jan. 1, 1981. 
Roseville, MN. 

Veslltnd, P. Aarne. , "Sludge treat
ment, uttl1zatlon, and disposal.• 
Journal WPCF, Vol. 53, No. 6. 
June 1981. 

Kawal, N.E. and H.R. Pahren. 
"Health effects associated with 
wastewater treatment and disposal." 
Journal WPCF, Vol. 52, No. 6. 
June 1980. 

Kawai, N.E., and H.R. Pahren. 
"Health effects associated with 
wastewater treatment and disposal." 
literature Review, Journal WPCF , 
Vol. 51, No. 6. June 1979. 

Kawal N.E., and H.R. Pahren. 
"Health effects associated with 
wastewater treatment and disposal." 
Journal WPCF 1 Vol. 53, No. 6. 
June 1981. 

U.S.E.P.A. Procedures Manual for 
Ground Water Monitoring at Solid 
Waste Disposal Facilities. EPA/ 
530/ SW-611 . August 1977. 

U.S.E.P.A. Process Design Manual for 
Sludge Treatment and Disposal. Oct. 
1974. EPA 625/1-74-006. 

U.S.D.A. , Utilization of Wastes 
on Land: Emphasis on Municipal 
Sewage - National Workshop. 
Aug. 12-14, 1980. Anaheim, CA. 

U.S.E.P.A. Operations Manual Sludge 
Handling and Conditioning. Feb. 
1978. EPA 430/9-78-002. 

U. S.O.A., U.S.E .P.A. Manual for 
Composting Sewage Sludge by the 
Beltsville Aerated - Pile Method. 
EPA-600/8-80-002. May 1980. 

U.S.E.P.A. Method Developement for 
Determination of Polychlorinated 
Hydrocarbons in Municipal Sludge. 
EPA-600/2-80-029. March 1980. 

U.S.E.P.A. Removal and Recovery of 
Metals and Phosphates from Municipal 
Sewage Sludge. EPA-600/2-80-037. 
June 1980. 

U.S.E.P.A. Chemical and Biological 
Treatment of Thermally Conditioned 
Sludge Recycle Liquors . 
EPA-600/2-80-020. June 1980. 

Proceedings Waste Management 
S~osium. Dubuque, Iowa. 
February 1, 1980. Soil Conservation 
Society of America. 

U.S.E.P.A. Composting Processes to 
Stabilize and Disinfect Municipal 
Sewage Sludge. June 1981 . 
EPA-430/9-81-011 . HCD-79. 

U.S.E.P.A. A Guide to Regulations 
and Guidance for the Utilization 

-68-

and Disposal of Municipal Sludge. 
EPA-430/9-80-015. Sept. 1980. HCD-72. 

U.S.E.P.A. Sludge Handling and 
Disposal Practices at Selected 
Municipal Wastewater Treatment 
Plants. April 1977 . EPA-430/9-77-007. 

U.S.E.P.A. Cost of Landspreading and 
Hauling Sludge from Municipal Waste
water Treatment Plants- Case studies. 
EPA/530/SW-619. October 1977. 

U.S.E.P.A. Construction Costs for 
Municipal Wastewater Treatment Plants: 
1973-1978. EPA/430/9-80-003. 
April 1980. FR0-11. 

U.S.E.P.A. Manual of Practice. The 
Disposal of Combined Municipal/ 
Industrial Wastewater Residues 
(Metals). EPA-600/2-79-052. Feb. 
1979. 

U.S.E.P.A. Application of Sewage 
Sludge to Cropland: Appraisal of 
Potential Hazardous of the Heavy 
Metals to Plants and Animals. 
Nov. 1976. EPA 430/9-76-013. MCD-33. 

U.S.E .P.A. , U.S.D.A, F.O.A. land 
Application of Municipal Sewage 
Sludge for the Production of Fruits 
and Vegetables . A Statement of 
Federal Polley and Guidance. 1981. 
SW-905 (A Joint Pol ley Statement). 

U.S.E.P.A. land Cultivation of 
Industrial Waste and Municipal 
Solid Wastes. State-of-the Art 
Study. Vol. II. Field Investigations 
and Case Studies. EPA-600/2-78-140b. 
August 1978. 

U.S.E .P.A. land Cult1vat1on of 
Industrial Wastes and Municipal 
Solid Wastes. State-of-the Art 
Study. Vol . I . Tech. s-ary and 
literature Review. EPA-600/2-78-140a. 
August 1978. 

U.S.E.P.A. Analytical Procedures for 
Determ1n1ng Organic Priori ty 
Pollutants 1n Mun1c1pal Sludges. 
EPA-600/2-80-030. 



-

-

U.S.E.P.A. Proposed Ground Water 
Protection Strategy. Nov. 1980. 
Office of Drinking Water. 

U. S.E. P.A. A Survey of Pathogen 
Survival During Municipal Solid 
Waste and Manure Treatment Processes. 
EPA-600/8-80-034. August 1980. 

U.S.E.P.A. Attenuation of Water -
Soluble Polychlorinated 81phenyls by 
Earth Materials . EPA-600/2-80-027. 

U.S.E.P.A. Effects of Sludge 
Irrigation on Three Pacific North
west Forest Soil. EPA-600/2-80-002. 

land Applicat1on of Waste Materials. 
Soll Conservation Society of 
America. Ankeny, Iowa. 1976 . 

U.S.D.A. Factors Involved In 
land Application of Agricultural and 
Municipal Wastes. National Program 
Staff. Soll, Water, and Air Sciences. 
Beltsville, MO. July 1974. 

U.S.E.P.A. Application of Sludges 
and Wastewater on Agricultural land: 
A Planning and Educational Guide. 
March 1978. HCD-35. 

Utilizing Municipal Sewage Waste
waters and Sludges on land for 
Agricultural Production. North 
Central Regional Extension 
Publication No. 52. Nov. 1977. 

-69-

Proceedings of the Conference on 
"R isk Assessment and Health Effects 
of land Application of Municipal 
Wastewater and Sludges . Center for 
Applied Research and Technology. 
The Universlt_y of Texas. San Antonio, 
Texas. 

National Conference on Municipal and 
Industrial Sludge Utilization and 
Disposal. Washington o.c. May 28-30, 
1980. Information Transfer Inc. 
Silver Spring, Mich. 

Proceedings of the Joint Conference 
on Recycl ing Municipal Sludges and 
Effluents on Land. July 9-13, 1973. 
Champaign, Illinois. National Associa
tion of State Universities and land -
Grant Colleges. Washington D.C. 

1977 National Conference on Compost
Ing of Municipal Residues and Sludges. 
August 23-25, 1977. Information 
Transfer, Inc. 1978. 

Goldstein , Jerome. Sensible Sludge 
A new look at a wasted natural re
source. Rodale Press Inc. 1977. 
Emmaus, PA. 

Loehr, Raymond C. (ed. ) . land as a 
Waste Management Alternative. Ann 
Arbor Science. 1976. Ann Arbor, Mich. 

Elliot, L.F., F.J. Stevenson (ed.). 
Soils for Management of Organic 
Wastes and Waste Waters. ASA,CSSA, 
SSSA. Madison, WI 1977. 

U.S.E.P.A. Evaluation of Sludge 
Management Systems . Evaluation 
Checklist and Supporting Conmentary. 
February 1980. EPA-430/9-80-001. 

-70-

Acceptable Sludge Disposal Techniques-
Cost, Benefit, Risk, Health, and 
Public Acceptance. Fifth National 
Conference. Jan. 31 - Feb. 2, 1978. 
Orlando, Fl. Information Transfer 
Inc. Publishers Rockville, Mich. 

National Conference on Design of 
Municipal Sludge Compost Facilities. 
Chicago, 111 . August 29-31, 1978. 
Information Transfer, Inc. 
Rockville, Mich. 

u.s.E.P.A. Municipal Sludge 
Agricultural Utilization Practices . 
An Environmenta l Assessment. Vol . 1. 
SW-709. September 1978. 

Proceedings of the First Annual 
Conference of Applied Research and 
Practice on Municipal and Industrial 
Waste. Sept. 10-13, 1978. Madison, 
WI. 

Bitton F., 8.L. Damron, G.F. Edds, 
and J.H. Davidson. Sludge - Health 
Risks of land Application. Ann 
Arbor Science Publishers, Inc. 
Ann Arbor, MI. 1980. 

Overcash, Michael R.(ed) Decomposi
tion of Toxic and Nontoxic Organic 
Compounds In Soils. Ann Arbor Science 
Publishers, Inc. Ann Arbor, HI. 1981. 

Proceeding of the 1975 National 
Conference on Municipal Sludge 
Management and Disposal. Aug. 18-20, 
1975. Anaheim, CA. Information 
Transfer, Inc. Rockville, Maryland. 

Torrey, S.(ed.). Sludge Disposal by 
Landspreading Techniques. Pol lution 
Tech. Review No. 58. Noyes Data 
Corporation. Park Ridge, New Jersey. 
1979. 

Disposal of Residues on Land. In 
Proceedings of the National Confer
ence On Disposal of Residues on 
land. Sept. 13-15, 1976. 
St. Louis, HO. 

U.S.E.P.A. Guidelines on Sludge 
Uti l ization and Disposal - A Review 
of its Impact upon Municipal Waste
water Treatment Agencies. Report 
No. 75-20. Department of Research 
and Development . Metropolitan 
Sanitary District of Greater Chicago. 

Land Disposal of Sewage Sludge. Vol . 1. 
Research Report No. 16. Training and 
Technology Transfer Division (Water). 
Environmental Protection Service. 
Environment Canada. Ottawa, 
Ontario. 

Land Disposal of Sewage Sludge. 
Vol. IV. Research Report No. 60. 
Training and Technology Transfer 
Division (Water). Environmental 
Protection Service. Environment 
Canada. Ottawa, Ontario. 

U.S.E.P.A. "Criteria for Classifica
tion of Solid Waste Disposal Facili
ties". 40 CFR Part 257. 8actground 
Documents. 



-

-

U.S.E.P.A. Process Design Manual. 
Sludge Treatfflent and Disposal. 
EPA-625/1-79-Dll. Sept. 1979. 

U.S.E.P.A. Operations Manual. 

-71-

Anaerobic Sludge Digestion. Feb. 1976. 
EPA 430/9-76-001. 

U.S.E.P.A. Sludge Processing, 
Transportation and Disposal/Resource 
Recovery: A Planning Perspective. 
Dec. 1975. WPD 12-75-01. 

Assessment of Heavy Metals and PCB's 
at Selected Sludge Application Sites 
in Ontario. Research Report No. 109. 
Training and Technology Transfer 
Division (Water). Enviro11111ental 
Protection Service. Environment 
Canada. Ottawa, Ontario. 

Land Disposal of Sewage Sludge 
Vol . VIII. Research Report No. 108. 
Training and Technology Transfer 
Division (Water). Enviro11111ental 
Protection Service. Environment 
Canada. Ottawa, Ontario. 

Parasites and the Land Application 
of Sewage Sludge. Research Report 
No. 10. Training and Technology 
Transfer Division (Water). Envlron-
111ental Protection Service. Environ
ment Canada. Ottawa, Ontario. 

Sludge Incineration and Percipitant 
Recovery. Volume IV. Research Report 
No. 107. Training and Technology 
Transfer Division (Water). Environ
mental Protection Service. Environ-
111ent Canada. Ottawa, Ontario. 

Sludge Dewaterlng Design Manual . 
Research Report No. 72. Training 
and Technology Transfer Division 
(Water). Environmental Protection 
Service. Fisheries and Environment 
Canada. Ottawa, Ontario. 

Development of an Efficient Sampl ing 
Strategy to Characterize Digested 
Slud9es. Research Report No.71. 
Training and Technology Transfer 
Division (Water). Environmental 
Protection Service. Fisheries and 
Environment Canada. Ottawa, Ontario. 

U. S.E.P.A. Sludge Handling and 
Conditioning. Operations Manual. 
February 1978. EPA 430/9-78-002. 

Use of Dewatered Sludge as an Amend
ment for Forest Growth. Sludge 
Utilization Research. Center for 
Ecosystem Studies College of 
Forest Resources. University of 
Washington . April 1976. Bulletin 
No. 1. 

U.S.E.P.A. Notice of Intent to 
Issue a Policy Statement on Accept
able Methods for the Util ization or 
Disposal of Sludge from Publicly -
Owned Wastewater Treatment Plants. 
The Metropolitan Sanitary District 
of Greater Chicago - Comments and 
Reconnendations. Dec. 6, 1974. 

Illinois Advisory Conmlttee On 
Sludge and Wastewater Utilization 
on Agricultural Land: Feb. 1975. 
Submitted to Dr. Richard H. 
Brlceland, Director Illinois Environ
mental Protection Agency. Feb. 11, 
1975. 

Hinesly, Thomas D., Olin C. Bralnds, 
Richard I. Dick, Robert L. Jones, 
Jean - Alex E. Molina. Agricultural 
Benefits and Environmental Changes 
Resulting from the Use of Digested 
Sludge on Field Crops. University of 
111 i noi s. Urbana, 111. 

-72-

Keeney, Dennis R. Environmental Im
pact of Cadmium and other Heavy 
Metals from Land - Applied Sewage 
Sludge. Water Resources Center 
Technical Report WIS WRC 76-03. 
University of Wisconsin. Madison, WI. 

Effects of Sewage Sludge on the 
Cadmium and Zinc Content of Crops. 
Council for Agricultural Science 
and Technology. Report No. 83. 
September 1980. (ISSN 0194-4088) 
Ames, Iowa. 

Application of Sewage Sludge to 
Cropland: Appraisal of Potential 
Hazards of the Heavy Metals to Plants 
and Animals. Council for Agricultural 
Science and Technology. Report No. 64. 
Nov. 22, 1976. EPA-430/9-76-013. 
Ames, Iowa, 

U.S.E.P.A. Comprehensive Slud9e 
Study Relevant to Section 8002(9) 
of the Resource Conservation and 
Recovery Act of 1976. SW-802. 
October 1979. 

U.S.E.P.A. Wastewater Sludge 
Utilization and Disposal Costs. 
Technical Report. EPA-430/9-75-015. 
September 1975. 

Environmental Assessment of Subsur
face Disposal of Municipal Wastewater 
Treatment Sludge . Interim Report. 
EPA/530/SW-547. Sept. 1977. 

Sludge Management Program For The 
Los Angeles/Orange County Metropoli 
tan Area - Public Health Concerns. 
For Presentation at "National Work
shop on Utilization of Wastes on 
Land, Elllphasis on Municipal Sewage•. 
Fr0111: Draft Environmental Impact 
Statement/Report on the Proposed 
Sludge Management Program for the 
Los Angeles/Orange County Metro Area. 
1980. 

Proceeding of On-Land Disposal of 
Municipal Sewage Sludge by Subsurface 
Injection. A se111inar sponsored by 
the City of Boulder, Colorado, NSF
RANN, and Colorado State University. 
September 1974. 

U.S.E.P.A. Fate and Effects of 
Trace Elements tn Sewage Sludge ljjien 
Applied to Agricultural Lands. 
EPA-670/2-74-005. Jan. 1974. 

Keeney, Dennis R., Kwang w. Lee, and 
Leo M. Walsh. Guidelines for the 
Application of Wastewater Sludge to 
Agricultural Land 1n Wisconsin. 
Tech. Bulletin No. 88. Department of 
Natural Resources. Madison, WI . 
1975. 

U.S. Environmental Protection Agency. 
1978 Sefflinar Handout, Sludge Treat
ment and 01 sposa 1. Part I, Intro
duct Ion and Sludge Processing. 
March 30-31, 1978. Philadelphia, PA. 

Son111ers , L.E., D.W. Nelson, R.E. 
Terry, and D.J. Silviera. Nitrogen 
and Metal ContaMination of Natural 
Waters Fr0111 Sewage Sludge Disposal 
on Land. Technical R.eport 89. 
Purdue University. Water Resources 
Research Center. West Lafayette, 
Ind. 1976. 



-

-

Kladi-.tio, E.J . and O.W. Nelson. 
Changes in soil properttes from 
application of anaerobic sludge. 
Journal WPCF, Vol. 51, Ho. 2. 
February 1979. 

Lunt, Herbert A, The Case for Sludge 
as a Soil Improver. Water and Sew
age Works. Vol. 100, No. 8, 1953. 

Thomas, Richard E. , Warren A. 
Schwartz, and Thomas W. 8ondixen. 
Soll Che111lcal Changes and Infiltra
tion Rate Reduction Under Sewage 
Spreading. Soi l Sci. Amer. Proc., 
Vo 1. 30, 1966. 

Dowdy, R.H., C.E, Clapp, D.R. 
Duncomb, and W. E. Larson. Water 
Quality of Sno.nielt Runoff from 
Sloping Land Recelvtng Annual 
Sewage Sludge Applications. Paper 
Ho. 11, 232, Sc1ent1ftc Journal 
Series. 

Pratt, P.F. , F.E. Broadbent, J.P. 
Martin. Using Organic Wastes as 
Nitrogen Fertilizers. Cal ifornia 
Agriculture. June, 1973. 

Sewage Sludge as a Fertilizer. 
Canadian Journal of Soil Science 
Vol. 52: 270-273. June 1972. 

-73-

Molina, J.A.E. , O.C. Braids, T.O. 
Hlnesly, and J .8. Cropper. Aeration -
Induced Changes In l iquid Digested 
Sewage Sludge. Soi l Sci. Soc. Amer. 
Proc. Vol. 35. 1971. 

Lance, J.C. Nitrogen Removal by 
Soil Mechanisms. Journal WPCF. 
Vol. 44, Ho. 7. July 1972. 

Terry, R.E., O.W. Nelson, L.E. 
Sommers , G.J. Heyer. Anlnonia 
Volattltzatton from Wastewater Sludge 
Applied to Soils. Journal WPCF. 
December 1978. 

Kawata, Kazuyoskl , William H. Cramer, 
and Wylie 0. Burge. Composting 
Destroys Pathogens . Water and 
Sewage Works. April 1977. 

Lance, J.C. and C.P. Gerba. Pretreat
ment Requirements for Land Appl ica
tion of Wastewater. State of 
Knowledge in Land Treatment of 
Wastewater. Vol. 1. U.S. Gov. 
Printing Office, 1978-700-171/123. 

Bingham, F.T., G.A. Mitchell, R.J. 
Makler and A.L . Page. Yield and 
Heavy Metal Content of Food Crops 
Grown on Sotls Amended with Sewage 
Sludge. Copyright 1976 by The 
Institute of Electrical and 
Electronics Engineers, Inc. Printed 
in U. S.A. Annals No. 75CH1004- 130-6 . 

Palazzo, Antonio J. and John M. 
Graham. The Effects of Wastewater 
and Sewage Sludge Appltcattons on 
Seed Genntnation and Seedling 
Establ tshment. Feb. 1977. Technical 
Note. U.S. Army Corps of Engineers. 
Cold Regions Research and Engineertng 
Laboratory. Hanover, New Hampshire 

Tucker , E.S., W.J. Litschgi , and 
W.M. Mees. Mtgration of Polychlor
inated Biphenyls in Soil Induced by 
Percol ating Water. Bulletin of 
Environmental Contamtnation and 
Toxicology. Vol. 23, No. 1. 1975. 

Lee, Michael C., E.S.K. Chian, 
and Robert A. Griffin. Solubility 
of Polychlorlnated Biphenyls and 
Capacitor Fluid in Water. A paper 
for publ. in the journal of the 
International Association on Water 
Pollution Research , Water Research. 
November 1978. 

Bergh, A.K. and R.S. Peoples. PCB 
Distribution in Sewage Wastes and 
Their Environmental and Community 
Effects . Proceedings of National 
Conference on Treatment and Disposal 
of Industrial Wastewaters. April 
1977. Houston, Texas. Information 
Tr ansfer Inc. Rockville, MO 

Clark, R.R. , E.S.K . Chian, and R.A. 
Griffin. Degradation of Polyschlor i
nated Biphenyls by Mixed Microbial 
Cultures. Submitted for publ . In the 
Journal of Applied and Environmental 
Mtcrobiology. Oeceniler 1978. 

Fries, G.F., and G.S. Marrow. Uptake 
of Chlorobiphenyls by the Soybean 
Plants. Presented at the 175th 
National 1'4eetlng of the American 
Chemical Society. Anaheim, CA. 
March 13, 1978. 

Yutaka, Iwata, William E. Westlake, 
and Francis A. Gunther. Varying 
Persistence of Polychlorinated 
Biphenyls in Six California Soil s 
under Laboratory Conditions. 
Bulletin of Environmental and 
Toxicology. Vol. 9, Ho. 4. 1973. 

Suzuki , Masashige, Noriko Azawa, 
Goro Okano and Tetsuzo Takahashi. 
Translocat lons of Polychlorlnated 
Blphenyls in Soll Into Plants : A 
Study by a Method of Culture of Soy
bean Sprouts. Archives of Environ
mental Contamination and Toxicology 
Vol. 5. 1977. 

-74-

Edds, G.T. , and Davidson . J.M. 
Sewage Sludge Viral and Pathogenic 
Agents tn Soi l-Plant-Animal Systems. 
EPA Project SU111nary. EPA-600/Sl-81-
026. April 1981. 

Yagi, o. , Sudo, R. Degradation of 
PCB' s by Microorganisms. Journal 
Water Pol lution Control Federation 
Vol. 52, No. 5. 1980. 

Clark , C.S., et.al Evaluation of the 
Health Risks Associated with the 
Treatment and Disposal of Municipal 
Wastewater and Sludge. EPA Project 
Sunmary. EPA-600/Sl-81-030. Kay 1981 

Griffin, R.A., A,K. Aw, E.S.K. Chian. 
Kob111ty of Polychlorinated 
81phenyls and Dlcamba In So11 
Mater ials: Oeterw1ination by Soll 
Thin-Layer Chromatography. Pro
ceedings of 8th National Conference 
on Municipal Sludge Management. 
lnfon1atlon Transfer, Inc. Silver 
Spring, MO. 

Scur a, E.D. and G.H. Thellacher. 
Transfer of the Chlorinated 
Hydrocarbon PCB in a Laboratory 
Marine Food Chain, Mar ine Biology 
40, 317-325. 1977. 

Iwata, Y, and F.A. Gunther. Trans
location of the Polychlorinated 
Biphenyl Aroclor 1254 from Sol l 
Into Carrot s under Field Conditions. 
Archives of Env1ro,-ntal Contamtna
tlon and Toxicology. Vol. 4. 1976. 

Lee, M.C. , R.A. Griffin, M.L. Killer, 
and E.S.K. Chlan. Adsorption of 
Water-soluble polychlorlnated 
Biphenyl Aroclor 1242 and used 
capacitor fluid by so11 materials and 
coal chars . Journal of Environ11ental 
Science and Hea lth. 1979. 



-

-

Guidelines for PCB Additions to 
Soils through Sludge Applications. 
Water Quality Division. Michigan 
Oepartfflent of Natural Resources. 
1977, 

Iwata. Yutaka, Francis A. Gunther, 
and William E. Westlake. Uptake of 
a PCB (Aroclor 1254) fr0111 Soll by 
Carrots under Field Conditions. 
Bulletin of Envlro11111ental Contamina
tion and Toxicology. 1971. 

Chol, P.S.K,, H. Nack, and J.E. 
Flinn. Distribution of Polychlorln
ated Biphenyls In an Aerated 
Biological Oxidation Wastewater 
Treatment System. Bulletin of 
Environmental Contamination and 
Toxicology. Vol . 11, No. 1. 1974. 

Majlti , Vimala and C. Scott Clark. 
Health Risks of Organics in Land 
Application. Journal of the 
Environaental Engineering Division. 
April 1981. 

-75-

Yagi, Osami and Ryuichi Sudo. Degrada
tion of polychlorlnated biphenyls by 
microorganisms. Journal WPCF. 
Vol. 52, No. 5, May 1980. 

Haque, Rizwanue, David W. Schmedding 
and Virgil H. Freed. Aqueous 
Solubility, Adsorption, and Vapor 
Behavior of Polychlorlnated Biphenyl 
of Aroclor 1254. Environmental 
Science and Technolo~y. Vol. 8, 
No. 2. February 197 . 

Dube, Douglas James. Polychlorinated 
Blphenyls in Effluent from Sewage 
Treatment Plants In Southeastern 
Wisconsin. Bureau of Air Pollution 
Control and Solid Waste Disposal. 
Wisconsin Department of Natural Re
sources. Madison, WI. 

Lawrence, John, and Hille M. Tosine. 
Polychlorinated Biphenyl Concentra
tions In Sewage and Sludges of Some 
Waste Treatment Plants In Southern 
Ontario. Bulletin of Environmental 
Contamination and Toxicology. Vol. 
17, No. 1. 1977. 

Hygenic Aspects of Sludge Utilization. 
WPCF Manual of Practice No. 2. 
"Utilization of Municipal Wastewater 
Sludge• . 1965. 

Arther, R.G., P.R. Fitzgerald, J.C. 
Fox. Parasite ova In anaerobically 
digested s ludge. Journal WPCF. 
Vol . 53, No. 8. August 1981. 

U.S.E.P.A. Municipal Sludge Manage
ment: Environmental Factors. 
October 1977. EPA 430/9-77-004. 
MCD-28. 

Cooper, Robert . Disease Agents and 
Indicator Organisms. Journal of 
Environmental Health. Vol. 37, No.3. 
1974. 

Hickey, John L.S. and Parker C. Reist. 
Health significance of airborne 
microorganisms from wastewater treat
ment processes. Part 1: Sumnary of 
investigations. Journal WPCF. Vol. 
47, No. 12. December l 975 . 

-76-

Marzauk, Yosef, Sazar H. Goyal , anrl 
Charles Gerba. Prevalence of Enter
oviruses in Ground Water of Israel. 
Ground Water. Vol 17, No. 5. Sept. -
October 1979. 

Goyal, Sagar M., Charles P. Gerba 
Comparative Adsorption of Human 
Enterovlruses , Simian Rotavirus, 
and Selected Bacterlophases to 
Soils. ~plied and Environmental 
Microbio ogy. August 1979. 

Theis, Jerold H. , Veronica Bolton, 
and David R. Storm. Helmlnth 
ova in soil and sludge from twelve 
U. S. urban areas. Journal WPCF. 
November 1978. 

Pahren, Herbert R., James B. Lewis, 
James A. Ryan, and G. Kenneth Datson . 
Health risks associated with land 
application of municipal sludge. 
Journal WPCF, Vol. 51, No. 11. 
November 1979. 

Melnick, Joseph L., Charles P. Gerba, 
and Craig Wallis. Viruses In Water. 
Bulletin of the World Health 
Organization, 56(4): 499-508. 1978. 

Sorber, Charles A. and Kurt J. Guter. 
Health and Hygiene Aspects of 
Spray Irrigation. AJPH. 
January 1975. Vol. 65, No. 1. 

Bertucci , James J., Cecil Lue - Hing, 
David R. Zinz, and Salvador J. Sedita. 
Studies on the Inactivation rates of 
Five Viruses during Anaerobic Sludge 
Digestion. Report No. 75-21 . 
Metropolitan Sanitary District of 
Greater Chicago . September 1975. 

Braude, G.L. , C.F. Jelinek, and 
P. Cornlluissen. FDA's Overview of 
the Potential Health Hazards 
Associated with the Land Application 
of Municipal Wastewater Sludges. 
Proceedings of the 1975 National 
Conference on Municipal Sludge 
Managet11ent and Disposal. Anaheim, CA. 

Public Health Considerations fr0111 
"Review of Landspreadlng of Liquid 
Municipal Sewage Sludge.• EPA-670/ 
2-75-049. June 1975, 

Geyer, Harry G. Health Aspects. 
Utilizing municipal sewage waste -
water and sludges on land for 
agricultural production. 
NCR Ext. Publ. No. 52. 1977. 

Gerba, Charles, Craig Wallis, and 
Joseph L. Melnick. Fate of Waste
water Bacteria and Viruses in Soil. 
Journal of the Irrigation and 
Drainage D1vis1on. Septeiiber 1975. 

Mlrzoeu, G.G. Extent of Survival 
of Dysentery Bacilli at Low 
Temperature and the Self-Disinfection 
of Soll and Water in the Far North. 
(UOC 616.771+616.777]; 576.851.49.095. 
15.(98). 

Chawla, V.K., J.P. Stephenson and 
O. Liu. Blochentical Characteristics 
of Digested Chemical Sewage Sludges. 
Wastewater Tech, Centre. Environmental 
Protection Service. Burlington, 
Ontario. 

Dakes, George, Clinton Bogert Assoc., 
and Paul N. Chereiwls1noff. 
Land Application of Municipal Sludge. 
Water and Sewage Works. 1977. 



-

-

Chang, A.C., A.L. Page, and F.J. 
Bingh•. Re-utilization of 
11111nicipal wastewater sludges - metals 
and nitrate. Journal WPCF. 
February 1981. 

Dowdy, R.H., R.E. Larson, and E. 
Epstein. Sewage sludge and effluent 
use in agriculture. Paper No. 1621, 
Scientific Journal Series . 

-17-

Larson, W.E., R. H. Susag, R.H. Dowdy, 
C.E. Clapp, R.E. Larson. Use of 
Sewage Sludge in Agriculture with 
Adequate Environmental Safeguards. 
U.S.O.A. - ARS Paper 8809. Scientific 
Journal Series. 

Merz, Robert C. Utilization of 
Liquid Sludge. Water and Sewage 
Works. November, 1959. 

Ewing, Ben B., and Richard Diak . 
Disposal of Sludge on Land in 
Water Qua 11 ty lmprovenient by 
Physical and Chen1lcal Processes. 
University of Texas Press. Austin, 
Texas. 1970. 

Dick, Richard, I. Sludge treatment, 
utilization, and disposal. Journal 
WPCF. June 1978. ---

Ham, G.E., R.H. Dowdy. Soybean 
Growth and Composition as Influenced 
by Soll Amendments of Sewage Sludge 
and Heavy Metal~: Field Studies. 
Aqron~ Journal, Vol. 70 
March- rll 1978, p. 326-330. 

Appraisal of potential hazards of 
the heavy metals to plant and animals. 
Fr0111 Report No. 64 by Council for 
Agricultural Science and Technology. 
EPA-430/9-76-013. November 1976. 

Chaney, R.L. Heavy Metal Accumulation 
in Soils and Plants. Proc. 1977 
Nat. Conf. Composting of Municipal 
Residues and Sludges. Information 
Transfer, Inc. Rockville, MO. 1978. 

Chang, A.C., A.L. Page, and F.T. 
Bingham. Fate and Effects of Trace 
Metals in Municipal Sewage Sludges 
when Applied on Cropland. 51st Water 
Pollution Control Federation Annual 
Conference. Oct. 1-6, 1978. 
Department of Soil and Environmental 
Sciences. University of California. 
Rivers Ide, CA. 

Jennett, J. Charles and Stephen M. 
Linnemann. Disposal of lead-and 
zinc - containing wastes on soils . 
Journal WPCF. August 1977. 

T.S. Steenhuis, G.D. Bubenger, J.C. 
Converse. Nutrient Losses from Manure 
under Simulated Winter Conditions. 
Managing Livestock Wastes. 3rd 
International Syrn. on Livestock 
Wastes. ASAE. St. Joseph, Ml. 

Much R.E., and D.C. Ludington. 1978. 
Nitrogen and Phosphorus Movement 
from Surface Applied Manure. 
ASAE tech. paper No. 78-2047 

Klausner, S.D., P.J. Ziverman and 
O.F. Ellis. 1976. Nitrogen and 
Phosphorus Losses f rom Winter Disposal 
of Dairy Manure. J of Environ. Qual. 
5(1): 47-49. 

Midgley, A.R. and O.E. Dunklee. 1945. 
Fertility Runoff Losses from Manure 
Spread during the Winter. University 
of Vermont. Agricultural Experiment 
Station Bulletin 523 . 

-78-

Khaleel, R., K.R. Reddy, M.R. Overcash 
and P.W. Westerman. 1978. Transport 
of Potential Pollutants in Runoff Wa ter 
from Land Areas Receiving Animal Wastes: 
A Review. ASAE tech. paper No. 78-2058. 

Hensler, R.F., R.J. Olsen, S.A. 
Witzel, O.J. Atloe, W.H. Paulson, 
and R.F. Johannes. 1970. Effect of 
Method of Manure Handling on Crop 
Fields, Nutrient Recovery and Run
off Losses. Transactions of the 
ASAL 1970. Page 726-731. 

Doyle, R.C., G.C. Stanton, And D.C. 
Wolf. 1977. Effectiveness of Forest 
and Grass Buffer Strips in Improving 
the Water Quality of Manure Polluted 
Runoff. ASAE paper No. 77-2501. 

Zwerman, P.J. , S.D. Klausner, D.R. 
Bouldin, and D.F. Ell is. 1972. Sur
face runoff nutrient losses from 
various land dlspsal systems for dairy 
manure. Waste Management Research. 
Proceedings Cornell Agricultural Waste 
Management Conference. Pg. 495-502. 

Doyle, R.C., O.C. Wolf, D.F. Bezdicek. 
1975. Effectiveness of Forrest Buffer 
Strips in Improving the Water Quality 
of Manure Polluted Runoff. Managing 
Livestock Wastes. 3rd Intern. 
Symposium on Livestock Wastes. 
ASAE 299-302. 

Converse J.C., G.D. Bubenzer, W.H. 
Paulson. 1975. Nutrient Losses in 
Surface Runoff From Winter Spread 
Manure. ASAE paper No. 75-2035. 

Muck, R.E. , A.G. Hoshin1110to, O.C. 
Ludington, R.O. Black . 1975. 
Runoff Characteristics frOffl Manured 
Fields. ASAE paper No. 75-2560. 

Young, R.A. (1976) Effect of Winter 
Applied Manure on Runoff Erosion and 
Nutrient Movement. ASAE Paper 
No. 76-2080 

Cross O.E., A.P. Mazwurak, L. 
Chesnin. 1971. Animal Waste 
Uti lization for Pollution Abatement. 
ASAE paper No. 71-906. 

Young R.A. 1974. Crop and Hay Land 
Disposal Areas for Livestock Wastes. 
Processing and Management of Agricul
tural Waste. Proceeding of 1974 Cornell 
Ag. Waste Managl!ftlent Conf. 

Mc:Caskey, T.A., G.H. Rollins, and 
J.A. Little. 1971. Water quality 
of runoff from grassland applied 
with liquid, Sl!llli-liquid, and "dry• 
dairy waste. Proc. Intl . Symp. on 
Livestock Wastes. ASAE Proc-271. 

Neal O.R. {1939). Some concurrent 
and residual effects on organic ~atter 
additions on surface runoff. 
SSSAP 4:420-425. 

Houck, C.P. 1978 Design of Land 
Application Sites for Sludge: 
A case study at Fort Collins, 
Colorado. ASAE Tech. paper No. 
78-2052. 

Regulations for sludge quality. 
New Jersey EPA. Trenton, New Jersey. 



-

-

Pietz, R.I . , J.R. Peterson, C. Lue 
Hing, J. l . Halderson. 1978. 
Rebuilding topsoil with 111Untcipal 
sewage sludge sol ids. 
ASAE tech. paper No. 78-2053. 

l.W. Jacobs. Applying Sewage 
Sludges to Agricultural Land. 1974. 
Unpub 11 shed. 

Jacobs, lee w. 1975. Utilizing 
Sewage Sludges on Agricultural Soil. 
Unpublished manuscript. 

Halderson, J.L., G.W. Hall, R.R. 
Rimkus. Field Application of Fluid 
Wastes. ASAE paper No. 75-2533. 

Bodlllan G.R. and D.E. Baker. 1975. 
land App11catic~ of Sewage Sludge 
Potential and limitations. 
ASAE paper No. 75-2531. 

Illinois Advisory Connlt tee on 
Sludge and Wastewater Utilization 
on Agricultural land. February 1975. 

Design Criteria for Municipal 
Sludge Utilization on Agricul tural 
land. Illinois EPA Technical Pol icy 
WPC-3. 

-79-

Bingham, S.C. , P.W. Westerman, and 
M.R. Overcash. 1977. Effect of Grass 
Buffer Zone Length 1n Reducing the 
Pollution From Land Appl ication Areas. 
Unpub 11 shed. 

Overcash M.R., s.c. Bingham, P.W. 
Westerman. Hydraulic Model for 
Predicting Runoff Pollutant Re
duction 1n Buffer Zones. 
Unpublished manuscripts . 

Young R.A. 1979. Effectiveness of a 
Nonstructural Feedlot Discharge Con
trol Practice. Final Report Feedlot 
Model. 

Dickey E.C. and Vanderholm D.H., 
J.A. Jackobs, S.L. Spahr . 1977. 
Vegetative Filter Treatment of Feed
lot Runoff. Presented to 1977 
Winter Meeting ASAE. Chicago, IL. 

Barnett A.P. 1965. Using Perennial 
Grasses and Legumes to control Run
off and Erosion. J. Soil and Water 
Conserv. 20(5): 212-215. 

Nye, John C. 1978. Exper iments with 
Runoff Control Systems in Indiana. 
ASA£ paper No. 78-2574. 

Vanderholm D.H. and E.C. Dickey. 
Design of Vegetative Filters for 
Feedlot Runoff Treatment in Humid 
Areas. Submitted for ASAE publica
tion Unpublished manuscripts. 

Young R.A. and C.K. Mutchler (1976). 
Pol lution Potential of Manure Spread 
on Frozen Ground. J. Environ . Oual . 
5(2) : 174-179. 

All written materials received in re
ponse to the Notice to Solic i t Out
side Opinion published in 5SR 1420. 
a. Letter from Marvin Skodje, 

Manager, Rochester Wastewater Treat
ment Plant, Rochester Minnesota, 
dated 4-9-81 
b. Letter from William Bulger, 

Minnesota Department of Agr iculture, 
dated 4-13-81. 
c. Letter from William Bulger, 

Minnesota Department of Agr iculture, 
dated 4-6-81. 

-80-

Andrew, Roger C., and A. Paul Troemper. 
Underflow from Sludge - Irrigated 
Cropland. Journal WPCF. Jan. 1977. 

Moore, Barbara E. , 8.P. Sagik, 
Charles A. Sorber . Viral transport 
to groundwater at an operational 
wastewater land application site. 
Center for Applied Research and 
Technology. The University of Texas 
at San Anton 1o . 

Kladlvho, E.J. and D.W. Nelson. Surface 
runoff from sludge - amended soils. 
Journal WPCF. Vol. 51 , No. 1. 
January 1979. 

Wengel, R. William, and Gary R. 
Griffin. Potential Ground Water 
Pollution f rom Sewage Sludge 
Appl ication on Agricultural land. 
U.S. Dept. of C011111erce. National 
Technical Information Service. 
PBS0-102957. 

U.S.E.P.A. 1971. SW-3001. 
Agricultural Benefits and Environ
mental Changes Resulting from the 
Use of Digested Sewage Sludge on 
Field Crops. An Interim Report on 
a Solid Waste Demonstration Project. 

Uti l ization of Animal Manures and 
Sewage Sludges in Food and Fiber 
Production. Counci l for Agricultural 
Science and Technology. Report No. 
41. February 19, 1975. Ames, Iowa 

Proceedings of the Third Annual 
Conference of Applied Research and 
Practices on Municipal and Industrial 
Waste. 1979. Madison, WI. 

Lawrence, John and Hille M. Tosine, 
Adsorption of Polychlorinated 
Biphenyls from Agueous Solutions 
and Sewage. Environmental Science 
and Technology. Vol . 10, No. 4. 
April 1976. 

Sludge Management Disposal and 
Utilization In Proceedings of the 
Third National Conference on Sludge 
Management Disposal and Utilization. 
Dec. 14-16, 1976. Miami Beach, Fl. 
Information Transfer Inc. Rockville, 
Mich. 

U. S. E.P.A. Sources of Toxic C011Pounds 
in Household Wastewater. 
EPA-600/2-80-128. August 1980. 

Rec~nded Chemical Soil Test Pro
cedures for the North Central Region. 
Bulletin No. 499, February, 1975. 
North Cent ral Reglnol Pub. No. 221. 
North Dakota State University. Fargo, 
North Dakota. 

Proceedings of the National Conference 
On Municipal Sludge Management. 
June 11-13, 1974. Pittsburgh, PA. 
lnfon11ation Transfer, Inc. 
Washington D.C. 

Sitt lz, Marshall . Hazardous and 
Toxic Effects of Industrial Chet11lcal$. 
Noyes Data Corporation. Park Ridge, 
New Jersey. 1979. 



-

-

-81-

Sludge: A Resource for California 
Agriculture. California's Environ
ment No. 35. January - February 1977. 
Cooperative Extension Service. Uni
versity of California, Davis. 

Mannering, J .V., D.W. Nelson and 
L.E. Sonners, Agronomy Dept. Dis
posal of Sewage Sludge on Cropland. 
Agrononiy Guide, (Urban) AY-202. 
Cooperative Extension Service. 
Purdue University. West Lafayette, 
Indiana. 

Ohio Guide for Land Application of 
Sewage Sludge. Research Bulletin 
1079 (revised). Ohio Agricultural 
Research and Development Center. 
Bulletin 598 (revised). Cooperative 
Extension Service. The Ohio State 
University. June 1979. ColU!llbus, 
Ohio. 

Walsh, Leo, Art Peterson, and Dennis 
Kenney. Sewage Sludge-Wastes That 
Can Be Resources. R2779. Research 
Report. Agricultural Experiment 
Station. University of Wisconsin, 
Madison. 1976. 

Sonmers, Lee E., Darrel W. Nel son, 
and Clifford D. Speis. Use of 
Sewage Sludge in Crop Production. 
(Fertility) AY-240. Cooperative 
Extension Service, Purdue University, 
West Lafayette, lndianla. 

Virgina Sewage Regulatlons--Sludge 
and Solids Disposal. Comnonwealth 
of Virginia. Department of Health. 
Richmond, VA. 

Rules and Regulations pertaining to 
the Disposal and Utilization of Waste
water Treate111ent Facility Sludge. 
Chapters 46-12, 42-17.l, and 42-35 of 
the General Laws of Rhode Island. 

Preliminary Guildelines for the 
Application of Municipal Waste
Waste Sludges to Agri cultural Lands 
In Alberta. F.nvironmental 
Protection Services. Alberta, 
Canada. 

Guidelines for Sewage Sludge 
Utilization on Agricultural Lands . 
Ministry of the Environment. 
Ontario, Canada. 

Draft Guidelines for Land Applica
of Wastewater and Sludge. 
Department of Environmental Quality. 
Oregon State. July 1978. 

West Virginia proposed regulations. 
State of Virginia. Department of 
Health. Charleston, West Virginia . 

Draft Sludge Management Guidel ines. 
March 1981. State of Washington. 
Department of Ecology. Olympia, 
Washington. 

Guidelines for the Utilization and 
Disposal of Municipal Wastewater 
Sludge. Vermont. Agency of Environ
mental Conservation. February 1981. 
Montpelior, Vermont. 

Guidelines for the Land Application 
of Non-Hazardous Municipal Sewage 
Sludge. Department of Public Health. 
Division of Solid Was te Management. 
Nashville, Tennessee. 

1) Rules of Bureaus of Solid Waste 
Management. 

2) Supplement to the Rules of the 
Solid Waste Administration. 

3) Guidelines for the Preparation of 
Sludge Management Plans. 

-82-

Minnesota Pollution Control Agency 




