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1.0 EXECUTIVE SUMMARY

The objective of this study was to determine the suitability of

landfill disposal for infectious hospital solid wastes. The study

was sponsored by the U.S. Army/USAMBRDL.

In the past, procedures for the safe disposal of hospital wastes

in the United States have been determined by established hospital

operating standards and applicable state and local regulations. Cur-

rent interest in this subject resulted from passage of the Resource

Conservation and Recovery Act (RCRA) of 1976, wLich requires the U.S.

Environmental Protection Agency (EPA) to develop and enforce nation-

wide standards for the disposal of these wastes. EPA has been devel-

oping regulations in response to this mandate.

All civilian and military hcspitals throughout the United States

will be subject to the regulations ultimately adopted by EPA. EPA

was under a court-imposed deadline to issue its final regulations

for hazardous solid wastes, including potentially infectious hospital

wastes, by 31 December 1979; however, EPA recently requested an ex-

tension of the deadline.

The regulations that have been proposed by EPA would require

some substantial changes from the landfill disposal practices

currently followed by many hospitals for disposal of their solid

wastes. Accordi .gLy, several key issues have been raised regardinp

the proposed regulations. Foremost among these are the following:

Ii



(1) the need for hospital waste disposal standards beyond those
already required for accreditation of all military and
civilian hospitals;

(2) the actual degree of hazard associated with particular
hospital wastes;

(3) the ability of properly designed, constructed, and main-
tained sanitary landfills that meet EPA criteria and
guidelines to safely contain any pathogenic microorganisms
associated with hospital solid wastes; and

(4) the cost impact of the regulations.

The derivation of cost impacts was not within the scope of this

study; however, quantitative impact estimates were derived for the

volume of hospital solid wastes potentially affected by the proposed

regulations. A mail survey of U.S. Army hospitals conducted for this

study indicated that, on average, 35 percent of total Army hospital

solid wastes could be affected by the proposed regulations. On an

annual basis this amounts to approximately 17,000 tons. In addition,

literature studies provided data on solid waste generation for U.S.

civilian hospitals. Extrapolating the available data for the nearly

7000 civilian hospitals that would be covered under EPA's proposed

regulationE yielded an estimate of slightly over 3 million tons per

year of hospital solid wastes potentially affected by the EPA

regulations.

Hospital wastes that pose a potential hazard to human health

because of possible pathogenic contamination are required under

current Army and civilian operating standards to be autoclaved,

incinerated in a pathological incinerator, or otherwise disposed of

2



in accordance with special handling procedures. Although EPA has

proposed that wastes rendered nonhazardous under given conditions

would not be subject to further stringent disposal requirements, it

was not possible based on the available data to ascertain the extent

to which current practices would reduce the volume of hospital wastes

potentially subject to EPA's proposed regulations. A

In addressing the actual degree of hazard associated with par-

ticular hospital wastes, this study examined the existing evidence on

specific pathogens identified in hospital and municipal wastes.

t A
While pathogens posing some risk to human health have been detected

in hospital wastes, a relatively greater number of such pathogens

also have been detected in municipal solid wastes and municipal

wastewater. Neither municipal solic wastes nor municipal wastewater

treated by land application, however, has been designated by EPA as -]

hazardous waste subject to the same stringent dispoaal procedures as

infectious wastes. In the absence of additional evidence it cannot A

V_ be concluded that these hospital wastes pose any greater hazard to

human health than common municipal wastes.

Finally, detailed consideration was given to the issue of

whether sanitary landfills designed, constructed, and maintained

according to LPA guidelines and criteria are suitable for disposal of

hospital wastes that contain pathogenic organisms. The general tech-

nical characteristics of these landfills were Lonsidered, as well as

actual case studies on pathogen survival and migration relative to

potential groundwater contamination from landfill dispusal sites.

3
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The available evidence suggests that pathogenic organisms can be

safely disposed of in sanitary landfills that meet EPA criteria.

The basic difficulty in providing for the safe and economical

disposal of any wastes subject to pathogenic contamination is that

no reliable scientific standard presently exists for establishing the

infectiousness of such wastes. Thus, any definition of particular

wastes--hospital or otherwise--based on a concern about their poten- A
tial infectiousness/hazardousness, inherently will be an arbitrary _4

definition. This situation will persist until additional research

can shed more light on the factors that affect pathogen viability
A

and virulence in the environment, and the accompanying risks thereby I

posed for h.,an health. A number of areas in which further research

is required were identified in this report.

The findings of this report support recommendations made by the

U.S. Army Environmental Hygiene Agency (AEHA) concerning the classi-

fication and disposal of hospital wastes. This conclusion is based

upon the following specific findings:

"* Current hospital standards require incineration in a patho-
logical incinerator or autoclaving infectious wastes from
the autopsy, surgery, laboratory and isolation departments.
It can be assumed that these are equivalent to the treatment
specifications in Appendix VII of EPA's proposed regulations '1
and therefore these wastes would be rendered nonhazardous.

"* There is no evidence that the remaining hospital solid wastes
contain any pathogens fundamentally different from the patho-
gens likely to be present in other common types of wastes.

4
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* The proposed hazardous waste regulations for designated hos-
pital wastes are inconsistent with less stringent federal
standards for landfill disposal of municipal solid wastes and
municipal sewage sludge.

* The conditions within a sanitary landfill are detrimental to
the survival of pathogenic organisms that might be found in
hospital and other common types of solid wastes.

& Case studies on landfilled hospital and municipal solid
wastes, and land treatment of municipal wastewater, have not
demonstrated problems of underlying groundwater contamination
with pathogenic organisms.

* There is evidence that a properly designed, constructed, and
maintained sanitary landfill is a satisfactory method for
disposal of hospital wastes that contain pathogenic organ-
isns.

It is recommended that AEHA continue to request that the pro-

posed regulations be altered to consider hospital wastes that contain

pathogens as special wastes. It is also recommended that:

a Until final regulatons are promulgated, the incineration of
infectious waste in a pathological incinerator, as specified
in Army Regulation 40-5-9, should be retained as the pre-
ferred disposal method.

* Incinerator residue and the remaining hospital waste should
be disposed of in sanitary landfills in accordance with the
criteria proposed under Section 4004 of RCRA.

* The U.S. Army should undertake research to determine the
infectiousness of hospital solid wastes in general, and of
the ten specified hospital sources in particular.

S1



2.0 INTRODUCTION

The objective of this study is to determine the suitability of

landfill disposal for hospital solid wastes that contain pathogens.

The study was sponsored by the U.S. Army/USAMBRDL.

Until now, procedures for the safe disposal of hospital wastes

in the United States have been determined by established hospital

operating practices and applicable state and local regulations.

Current interest in this subject has resulted from the Resource

Conservation and Recovery Act (RCRA) of 1976 which requires the U.S.

Environmental Protection Agency (EPA) to develop and enforce

nationwide standards for the disposal of these and other wastes. In

response to this mandate, EPA has proposed--and in one instance,

promulgated--regulations concerning solid and hazardous waste

disposal.

The EPA-proposed regulations would require some substantial

changes from present landfill disposal practices followed by many

hospitals for ultimate disposal of selected solid wab~es. Associated

with these changes are economic impacts of potentially major

significance. The issue, therefore, is whether the EPA-proposed

changes are necessary in terms of reasonable protection of the public

health.

2. 1

The landfill method of disposal for hospital solid wastes is the

only disposal technology examined in depth in this study. Further-

more, the study basically deals only with landfilling per se.

6



Related concerns such as collecting, handling, storing, and trans-

porting hospital solid wastes prior to landfilling were not ad-

dressed.

Section 3 of this report explores current standards for the

disposal of hospital solid wastes, and the concerns raised about

EPA's proposed regulations by various parties who would be directly

affected. In addressing the landfill issue, the proposed EPA regu- 4
lations and their relation to state regulations for the disposal of

hospital solid wastes are also described in Section 3. Section 4

presents a characterization of the weight, composition, and present

disposal methods for hospital solid wastes, while Sectiou 5 discusses

pathogens specifically identified in hospital wastes and other common

types of waste. Soil factors affecting the fate of pathogens are

described in Section 6.

In order to further explore the question of possible pathogen

survival at landfill sites and the risks to human health that may

be posed by such survival, Section 7 presents reviews of several

relevant case studies concerning contamination of groundwaLer with

pathogenic organisms from landfill sites. Data gaps, research in

progress, and recommendations for further research are discussed in

Section 8. Section 9 presents the conclusions of the study as well

as recommendations to the Army concerning the disposal of hospital

solid vastes. Relevant background information is included in a

series of appendices to this study.

7
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It has not been the intent of this study to present either a

risk-benefit or cost-benefit analysis of the proposed regulations.

Available data do not permit any quantification of the risks poten-

tially as-ociated with landfill disposal of hospital solid wastes.

Neither was it within the scope of this study to develop estimates of
the potential cost impacts of the proposed EPA regulations.

2.2 Approach

The analysis presented in this study is based upon a survey of

tLie solid wastes generated by both military and civilian hospitals.

For U.S. Army hospitals a mail questionnaire was used to obtain

necessary background data; for other hospitals relevant information

was obtained through a search of the a-ailable literature on hospital

waste.

In addition, a review and analysis of the pertinent literature

was conducted in order to evaluate the infectious nature of hospital

solid wastes, the fate of pathogens in landfills, and the specific

soil and related technical factors invoived in the proper construe-

tion and operation of a sanitary landfill. Relevant studies in the

literature on specific instances of pathogenic contamination of -'

groundwater were also sought. Finally, the existing literature

concerning landfill technology and hospital solid waste management

was reviewed to identify areas in which additional data and research

are needed and/or currently being pursued.

8
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3.0 CURRENT AND PROPOSED STANDARDS AND REGULATIONS

3.1 Present Standards for the Disposal of Hospital Solid Wastes

Present hospital operating procedures for waste disposal follow

the standards prescribed by the Joint Commission on the Accreditation

of Hospitals (JCAH, 1979). In particular, Standard IV under Func-

tional Safety and Sanitation in the JCAH's Accreditation Manual

specifies that patient-care and laboratory animal-care wastes that

are potentially hazardous (e.g., wastes from patients in isolation

and materials contaminated with secretions, excretions, or blood) be

sealed in impervious containers. The JCAH Standard also requires

that certain other wastes be sterilized for disposal. Laboratory

wastes (e.g., culture plates, sputum cups, and swabs) must be

incinerated or sterilized by autoclaving; unpreserved tissues from

surgical and necropsy specimens also must be sterilized, preferably

by incineration.

For Army hospitals, the U.S. Army has developed a regulation for

infectious waste disposal based on the above JCAH standard. The Army

defines certain wastes as "infectious" and stipulates that incinera-

tion in a pathological incinerator is the preferred method for dis-

pCsal of these wastes. When such incineration is not possible or

feasible, the Army requires that these wastes be rendered noninfec- M

tious by autoclave sterilization; following such sterilization they

may be disposed of along with general noninfectious hospital wastes.

Should neitl,-L iuLiineration noL sterilization be possible, special

9
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approval must be obtained through the Army command channels for

disposal of these wastes by other means, such as appropriate

landfilling.

Infectious wastes requiring treatment by the Army are defined as

"wastes contaminated with disease organisms and/or offensive mate-

rials." Specifically included in this definition are "bandages,

sacrificed animal carcasses, laboratory tissue specimens, dressings,

surgical wastes, food service wastes from infectious disease wards,

used disposable needles and syringes, materials contaminated with

blood, body exudates or excreta, and infectious wastes incident to

hospital and laboratory operation" (U.S. Army, 1974, AR 40-5-9).

In both civilian and Army hospitals, therefore, potentially

hazardous/infectious wastes from the autopsy, laboratory, pathology

and surgery departments, and all wastes from icilation rooms and

wards are routinely incinerated in pathological incinerators or

sterilized by autoclaving prior to ultimate disposal.

3.2 Federal Legislation

On 21 October 1976, the U.S. Congress enacted the Resource

Conservation and Recovery Act (RCRA, PL 94-580), establishing broad

federal regulatory responsibility for the safe disposal of solid

waste materials in order "to promote the protection of health and the

environment." To accomplish this objective, the Act mandates the

development of guidelines and minimum standards for the collection,

transport, separation, disposal and recovery of solid waste

10



materials. Solid waste management facilities would be issued permits

to operate under the Act only if they met the minimum standards

outlined under these guidelines.

The Act created an Office of Solid Waste within the U.S. Envi-

ronmental Protection Agency (EPA). This office was delegated primary

administrative responsibility for promulgating federal regulations to

implement the Act. In addition, the Department of Commerce was

delegated certain conservation and recovery responsibilites under the

Act. A number of other provisions were also specified pertaining to

matters such as state and regional solid waste plans, and research,

development, demonstration and information programs for solid waste

management.

What is of basic importance to this study is the legislation's

classification of waste as either solid waste or hazardous waste, and

the attempt made by EPA to develop specific regulations for both of

these categories of waste as mandated by the Act. The Act (Section

1004[5]) generally defines hazardous wastes as wastes that pose a

hazard to human health and the environment because of [heir quantity,

concentration, or physical, chemical, or infectious characteristics.

Wastes not covered by this definition are regarded as not hazardous.

Subtitles A and D of the Act, which deal with solid waste

management, and Subtitle C, which deals with hazardous waste

management, are summarized in Appendix A.

1i



3.3 EPA's Proposed Regulations

In seeking to fulfill its responsibilities under RCRA to develop

regulations implementing the Act, the EPA has, to date, published one

set of final regulations and two sets of proposed guidelines for the A

classification and management of solid and hazazdous wastes. These

regulations and guidelines and their dates of publication in the

Federal Register are:

"Classification Criteria for Solid Waste Disposal
Facilities," 13 September 1979 (Federal Register) 1979a);

* "Landfill Disposal of Solid Waste Proposed Guidelines,"
26 March 1979 (Federal Register, 1979b); and

a "Hazardous Waste Proposed Guidelines and Regulations and

Proposal on Identification and Listing," 18 December 1978
(Federal Register, 1978).

For the Hazardous Waste Proposed Guidelines, EPA was under a

court-imposed schedule to finalize these regulations by 31 December 1
1979.* Final action on the Proposed Guidelines for Landfill Disposal

is projected for January 1980. The regulations in each of these

proposals, including any modifications made as a result of the

present rule-making proceedings, will become formal administrative

regulations upon final adoption by EPA. As such, they will be

incorporated Ija the Code of Federal Regulations, Title 40, Parts 257,

241, and 250, respectively.

*EPA recently requested an extension on the date for promulgation.

Final regulations under Sections 3001 (Identification and Listing)
and 3002 (Standards for Generators of Hazardous Waste) are due to be
promulgated by April and February 1980, respectively. Interim
regulations for Section 3004 (Standards for Owners and Operators of
Hazardous Waste Management Facilities) are due during April 1980.

12
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3.3.1 Criteria and Guidelines for the Management/Disposal of
Solid, Special and Hazardous Waste

EPA has been developing specific criteria and guidelines for the

operation of solid waste disposal facilities in accordance with the

requirements of RCRA. One proposal defines criteria establishing the

minimum level of health and environmental protection that all A
landfill solid waste disposal facilities must ichieve in order to be

permitted to operate. Criteria are presented that address disease

vectors and the protection of surface water, groundwater, air, and12 land used in crop production.

Some of the criteria directly establish environmental standards,

while others focus on various control technologies or practices ap-

propriate for the prevention of adverse environmental effects. There

is no attempt, however, to develop specific design and construction

requirements for individual landfill facilities; rather, the criteria

are formulated as "performance standards" that must be met by all

facilities. These criteria are briefly summarized in Appendix B.

States are responsible for determining compliance on the basis

of site-specific evaluations of control techniques and practices.

Existing facilities that do not presently meet these criteria would ]
have to be upgraded. Failure to do so would result in their desig-

nation as open dumps; RCRA requires that all open dumps ultimately be

eliminated (Section 4005). Facilities in compliance with the

criteria would be considered sanitary landfills.

k13



The Proposed Guidelines for Landfill Disposal of Solid Wastes

identify and describe specific considerations for the location, de-

sign, construction, operation, and maintenance of landfill disposal

facilities for nonhazardous solid wastes. They also provide guide-

lines for leachate, gas and runoff control. The proposed guidelines

are intended to assist landfill facility operators and state compli-

ance officials in determining how the criteria for sanitary landfills

right best be met. They would apply to all facilities in which waste

is buried. Agricultural and mining wastes, landspreading, and

surface impoundment operations would not be covered. The proposed

guidelines are also summarized in Appendix B.

The Hazardous Waste Propoged Guidelines and Regulmtions specify

various types of guidelines for the management and disposal ofIA
hazardous wastes. This proposal presents a set of Human Health and

Environmental Standards defining the overriding levels of protection

to be achieved by all hazardous waste facilities. EPA proposed four

sets of design and operating standards consisting of: (1) general

standards for all types of hazardous waste facilities; (2) specific

L standards for storage; (3) stanaards for treatment and disposal

facilities; and (4) standards applicable only to special wastes. The

proposed design and operating standards for the landfill disposal of

hazardous wastes include requirements for site location and design,

operating methods, contingency plans, continuity of operation,

compliance with the manifest system, construction and operation,

L closures and post-closure care.

14



tY

--. '--?

These proposed design and operating standards have been formula-

ted to be consistent with relevant existing standards promulgated by

EPA for implementation of the Safe Drinking Water Act, the Clean

Water Act, and the Clean Air Act. Together, these proposed standards I
are intended to provide maximum protection for the groundwater,.4

surface water, and air.

Wastes that occur in very large volumes, pose relatively low

potential hazards, and are not generally amenable to the control

techniques specified for hazardous wastes have been designated as

"special wastes" by EPA. An important factor in providing separate

consideration of special wastes was that EPA had few data on the

effectiv-,iCos or cost of imposing on these waste' the same stringent

storage, treatment, and disposal standards for hazardous wastes.

3.3.2 Hazardous Waste Proposed Guidelines: Idettii:ing and
Listing Hazardous Wastes

In proposing its Hazardous Waste Proposed Guidelines, EPA has

taken a bifurcated approach to designating certain wastes as hazard-

ous. Some wastes would automatically be classified as hazardous if

they possessed specific characteristics. These characteristics must:

(1) generally describe the hazardous nature or attributes of a waste

material; (2) establish a significant likelihood that a hazard will

develop from mismanagement of the waste; and (3) permit reliable

identification and/or testing to aacertain prescnce of the character-

istic(s).

15
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If this characterization is not possible, EPA will still list a

waste as hazardous if it is defined as hazardous by RCRA. Under this

approach, certain hospital wastes have been listed by EPA as hazard-

ous since, in EPA's judgment, these wastes are infectious, and RCRA

specifically calls for protection of the public from hazardous/

infectiots wastes.

3.;.3 Hospital Wastes Classified as Hazardous

EPA's approach of listing certain hospital wastes as hazardous

because it assumed they were infectious--rather than designating

infectiousness per se as a characteristic for establishing hazardous-

ness of certain wastes--wab chosen because of the difficulty of

ascertaining the actual infectiousness of ary solid wastes. In a

background document to the proposed guidelines, EPA specifically

addressed the issue of infectiousness in formulating the guidelines,

and concluded that testing methods for reliable identification and

measurement of infectiousness are not currently available. In EPA's

assessment, any attempt to specify a "safe" number of disease organ-

isms allowable in a waste would ignore the many variables involved in

disease transmission. A clinical response in a host may, for

example, be elicited by a range of anywhere from one to several

thousand pathogenic microorganisms (EPA, 1978b).

In view of the difficulty of reliably characterizing infectious-

ness, EPA decided L take the approach of listing certain hospital

wastes as hazardoua based on their department of origin within a

16



hospital. EPA's rationale for this approach is that in certain hos-

pital departments it is reasonable to presume a substantial presence

of pathogenic organisms.* Wastes from these departments are,

therefore, considered by EPA to be infectious and, hence, hazardous.

EPA also felt that this approach uas the most inclusive and enforce-

able (EPA, 1978b).

The wastes from ten hospital departments were so designated by

EPA; these departments are indicated in Table 3-i. Wastes from such

departments would be stbject to EPA regulation as hazardous wastes

when generated by general medical and surgical hospitals, and
ii

specialty hospitals (except psychiatric). The types of hospitals

covered under the proposed guidelines are listed in Table 3-2. Both

civilian and military hospitals are covered.

3.4 Concerns Expressed Regarding EPA's Proposed Guidelines

3.4.1 The U.S. Army Environmental Hygiene Agency (AEHA)

During the period in which EPA was formulating its proposed

guidelines for the identification and disposal of hazardous wastes,

the U.S. Army Environmental Hygiene Agency (AEHA) submitted a formal

statement to EPA with specific recommendations for hospital solid

*Pathogenic (etiologic) organismis are classified by the Center for

Disease Control (CDC), U.S. Department of Health, Education, and Wel-
fare, according to their potential hazard to human health. Five
classes have been established by the CDC, and these are defined in
Appendix C. Organisms in classes 2 through 5 present the greatest
human health hazards, and it is wastes that may contain these organ--
isms that EPA has sought to identify for regulation as hazardous
wastes (EPA, 1978b).
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TABLE 3-1

HOSPITAL DEPARTMENTS DESIGNATED BY EPA A

AS SOURCES OF HAZARDOUS WASTES

SOURCE COMMENT

Autopsy Department

Emergency Department

Intensive Care Unit

Isolation Rooms

Laboratories (clinical)

Morgue

Obstetrics Departmenit Includes patients' rooms

Pathology Department

Pediatrics Department

Surgery Department Includes patients' rooms

SOURCE: Federal Register, 1978
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TABLE 3-2

HOSPITALS COVERED UNDER EPA'S PROPOSED GUIDELINES

SIC CODEa SIC DESCRIPTION TYPE

8062 General medical and surgical General medical hospitals
hospitals General surgical hospitals

8069 Specialty hospitals, except Children's hospitals
psychiatric Chronic disease hospitals

Eye, ear, nose and throat
hospitals

Geriatric hospitals
Maternity hospitals
Specialty hospitals,

except psychiatric
Tuberculosis hospicals

aStandard Industrial Classification Code, U.S. Department of Commerce

SOURCE: Federal Register, 1978
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waste disposal. The AEHA's basic position was that stringent hazard-

oous waste disposal requirements are not necessary for most hospital

wastes. Instead, the AEHA suggested a three-part approach for the

disposal of hospital wastes as follows (Federal Register, 1978):

(1) for hospital waste that is not potentially hazardous/infec-
tious, disposal at facilities that i.,eet Section 4004
criteria is adequate;

(2) some potentially hazardous/infectiou3 hospital wastes
should be considered "special waste"; and ii

(3) for certain potentially hazardous/infectious wastes that
pose substantial risks, disposal should be only at hazard-
ous waste facilities capable of dealing safely with these
wastes.

3.4.2 Comments in the Public Docket by Other Selected Parties

A number of private organizations as well as state and federal -M

agencies also submitted formal responses to EPA's proposed definition

and treatment specifications for infectious wastes which are part of

the Public Docket (Public Docket, 1979). A review of the Public

Docket was conducted for this study in order to identify concerns

expressed by a cross-section of these parties regarding the proposed

regulations. Included in this review were letters submitted by indi- I

viduals representing 14 separate agencies and institutions including

4 hospital centers, 4 health and meiicel associations, 2 state

government agencies, the Departtmert of Defense, the U.S. Center for

Disease Control, a major university, and a large medical products

manufacturiei.
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The concerns expressed by the above commentators covered a num-

ber of issues. In particular, they (1) cited the overly inclusive

nature of the proposed designation of hospital sources of potentially

infectious wastes; (2) felt there was a lack of sufficient scientific

justification for the proposed definition and listing of sources

including insufficient documentation of the benefits to the public

health of the proposed regulations; (3) questioned the necessity and

expense of treating these wastes according to the proposed specifica-

tions for rendering infectious wastes nonhazardous; (4) opposed the

extension of federal regulation to an area already adequately regu-

lated through state regulations and private accreditory standards for

proper hospital operating and waste disposal practices; and (5) felt

that insufficient attention had been given to the cost impacts of the

proposed regulations. The discussion below deals with these concerns

in more detail and, in addition, presents several of the recommenda-

tions that were made regarding modification or elimination of the

proposed regulations. Appendix D summarizes the specific comments of

each of these selected commentators; Appendix E contains the complete

written comments submitted by these parties.

In general, the commentators felý that the designation of poten-

tially infectious hospital wastes should focus only on those wastes

that realistically might pose a public health hazard. The lack of

sufficient scientific justification for the proposed designation of

potentially infectious hospital wastes was emphasized by several A
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respondents. Dr. John Slade (New Jersey State Department of Health)

stated, for example, that "I have found no epidemiological data which

suggest that the usual ward-generated wastes require special handling

outside of the hospital." Slade also stated that, "not all that is

contaminated is infectious." Harold Buzzell, of the Health Tndustry

Manufacturers Association, commented that the "vast bulk of hospital

waste is not infectious" and that "infectious microorganisms will be

inactivated by the environment of the landfill." Another 4

commentator, Dr. Richard L. Parker, South Carolina Department of

Health and Environmental Control, criticized the lack of considera-

tion uf the biological life of infectious agents when designating

certain wastes as potentially infectious. Dr. J. Robert Flanagan, of

the American Hospital Association, noted that in general, the back- I

grouni documents supporting the regulations did not provide the

necessary rationale to support the conclusions and proposed regula- -

tions. Dr. Flanagan also asserted that the proposed regulations

would not result in "any appreciable, and certainly no measurable,

benefit to the public health." I

The rationale for listing certain hospital departments as

sources of infectious waste was further criticized in light of the

common presence of particular pathogens in the environment. For

example, Dr. Parker commented that "[this would include] organisms

included in the genus Salmonella and in the genus Neisseria and many

others that, while perfectly capable of causing infections in human

ileings, are so common in our everyday population that they arc being
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introduced into normal sewage disposal systems in extensive numbers

on a daily basis." George F. Mallisor (Center for Disease Control)

criticized the proposed hospital waste regulations on the grounds

that, "it is totally inconsistent to develop recommendations for -

handling of 'hazardous' and/or infectious wastes from health-care-A

facilities on the basis that a hospital dumpster may have more poten-

tially contaminated materials than a dumpster from, say, a small

factory."

The proposed treatment specifications for rendering infectious

waste nonhazardous elicited comments from several individuals. These f-
comments included statements that the specifications: (1) are too

stringent in that "there is no reason to autoclave general 'trash'

from a hospital" and "only microbially contaminated reusable labora-

tory glassware need be autoclaved" (Mallison); (2) would cause the

separation of all hospital wastes (McDonald, Duke University); and

(3) call for autoclaving times that are "excessive and should be

studi.ed further" (Parker).

Many commentators also felt that insufficient attention had been

given to the potential cosc impacts of tlY: regulations. On'ý commen-

tator, for example, said that the cost "will be astronomical"

(Sweeney, National Association of Children's Hospitals and Related

Institutions). Others stated that the proposed regulations.

(1) would impose prohibitive costs (Wonsmos, Guttenberg Munic.'pal

Hospital); (2) would place "an undue and unnecessary administrative

and financial burden on the nations [sic] hospitals" (Engel, The Iowa

23
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Hospital Association); (3) would "only serve to increase the ever - 10

rising cost of health care" (Baker, American Hospital Supply Corpora-

tion); and (4) would impose severe economic impacts in a time of

hospital cost containment (McDonald, Duke University). Dr. Flanagan

also noted that "although 17 industries were studied with regard to

the economic impact of the proposed regulations, the EPA elected not

to include either the hospital or the health care industry." One

commentator (Wonsmos, Cuttenberg Municipal Hospital) expressed the

fear that the regulations could be "devastating" to smaller health

care centers.

In lieu of the proposed regulations, a few specific definition

and treatment alternatives were suggested. Several commentators

recommended deleting one or more of the emergency, intensive care,

morgue, obstetrics, pathology, pediatrics, and surgery departments

from the list of sources of hazardous waste (Korn; Maliison;

Sweeney). Dr. Merle Carter of the Baptist Medical Center of Oklahoma

recommended an approach that would require the identification of

infected patients and provide for the special disposal only of wastes

generated by them. Finally, a number of commentators indicated that

EPA should adopt or work with the infectious waste standards already

established by the Joint Commission on Accreditation of Hospitals

(JCAH), and/or should permit states to administer their own programs,

with a concommitant exemption from any subsequent federal regulations

for health care facilities already in compliance with existing state

24
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waste management programs (Baker; Buchanan; Buzzell; Flanagan;

Marienthal; Wiggs).

3.4.3. Telephone Survey of Selected Federal Agencies

A telephone survey of selected federal agencies was conducted to

determine their reactions to the proposed regulations. The results

of this survey are summarized in Table 3-3.

The representative from the National Naval Medical Center said

that no formal response to the proposed hazardous waste regulations

was planned (Manifold, 1979). The National Naval Medical Center

currently sorts its waste and solid wastes are incinerated or land-

filled. Chemical wastes are sorted for compatibility in a specially

designated chemical waste disposal facility, then packed in drums and

incinerated. The classification of other wastes is determined by

hospital personnel. Infectious wastes, including pathological wastes

and bandages, are incinerated, and noninfectious wastes are land-

filled.

The representative of the Office of the Surgeon General of the

Air Force stated that the proposed regulations are too stringent and

would be too expensive to implemenL (Pauls, 1979). The guidelines

would have a severe short-term economic impact while the long-term

environmental impact remains unknown. Fu..thermore, the proposed

sources of infectious waste should be delineated more precisely to

eliminate wastes that are not necessarily hazardous. The Air Force

does not have a firm policy regarding hazardous waste disposal, and

each Air Force hospital incinerates much of its waste.
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A representative of DOD expressed the view that the degree of

control associated with a particular hazardous waste should be com-

mensurate with its potential for environmental harm (Wammel, 1979).

He felt that EPA should recognize the different degrees of risk

associated with hazardous wastes, and should not rely on a definition

of hazardous waste that is too general to be meaiingful.

The National Inftitutes of Health (NIH) has not ret formulated a

formal response to the proposed regulatioos, although an informal

review was sent to EPA (Rogers, 1979). NIH is more concerned with

the possible effect of RCRA on the disposal of chemical wastes, spe-

cifically with regard to chemical waste classification, than with the

effect of RCRA on pathological or infectious waste disposal. At pres-

ent, all pathological wastes at NIH are incinerated. The pathologi-

cal waste classification includes all syringes, sponges, gauzes, and

bandages; wastes from wards where pathogers may be generated or where

exposure to pathogens may occur (the mental health ward, for example,

is excluded); and all laboratory wastes. Pathological waste consti-

tutes about 10 percent of the 30 to 33 tons of waste generated daily

at NIH. It is packaged in single-use containers consisting of plas-

tic bags sealed within c&rdboard boxes. The sealed boxes are handled

by an automated system and are never touched or opened; they are

conveyed to a high efficiency incinerator where they are burned on a

daily basis. The residue from incineration and also the administra-

tive and nonpathological/noninfectious waste are packed in heavy duty
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plastic bags and disposed of in a local landfill. NIH regards as

safe the landfilling of incinerator residue but does not recommend

that the residue be mixed with soils for landfill cover because

incineration concentrates salts and heavy metals which could leach or

be carried away in runoff with rainfall or flooding; in addition, the

residue from an incinerator that is not as highly efficient as that

at NIH will not be sterile and could be hazardous when used as cover

material.

The Public Health Service (PHS) has made no formal response to

the proposed regulations (Platt, 1979). However, waste disposal prac-

tices are being modified. For example, in the Pathology Department

of the Baltimore Hospital, blood samples are now pooled and rinsed

down a sink into the sewer. PHS is considering changing the disposal

method to autoclaving followed by landfilling. All other wastes that

are considered infectious are being disposed of properly.

The Center for Disease Control (CDC) had established its own

regulations for careful disposal of infectious waste which predate

the passage of RCRA in 1976; they provide for the incineration cr

autoclaving of most wastes (Mallison, 1979). The position of CDC is

that the proposed hazardous waste regulations for infectious hospital

waste are too stringent.

The representative of the Veterans Administration (VA) reports

that Lhe VA is attempting to follow the proposed regulatious (Puwell,

1979). All waste from VA hospitals is currently incinerated or

28
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landfilled. General wastes are landfilled; infectious wastes are

either incinerated or autoclaved and then landfilled.

3,) State Regulations

In arriving at its proposed classification of hospital wastes,

EPA reviewed existing state laws and regulations pertaining to the

classification and disposal of hospiteia solid wastes (EPA, 1978b).

Eight states were identified that currently designate certain hospi-

tal wastes as hazardous/infectious; one state, New Jersey, also has

developed a proposal to this effect in response to EPA's proposed

regulations.

Four states (Illinois, New York, Oregon, and Pennsylvania)

define infectiousness as a characteristic if waste, based on the

definition for hazardous waste in RCRA (Section 1004[5J). Washington H

defines infectious wastes as hazardous by including them on hazardous

wrste lists. California and Minnesota define infectious wastes by

r identifying the sources of infectious waste and by specifying certain

items from those sources that may be exposed to contagious or infec-

tious disease. In Maryland, the regulation of infectious waste is

the responsibility of two diffeient agencies which use different

definitions of infectiois waste--the Department of Natural Resources

classifies infectious wastes as hazardous by including them on a

hazardous waste list, whereaA the Department of Health and Hygiene

identifies the sources of infectious waste and specifies certain

items from these sources as infectious.
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The New Jersey definition of infectious waste specifies sources

of infectious waste and items that may be exposed to "infectious-

ness." While all of the states identified by EPA specify that wastes

designated as hazardous be disposed by landfilling or incineration,

New Jersey's disposal procedures include autoclaving or incinerating

solid waste from the microbiological laboratory.

The state definitions and disposal requirements for infectious

waste are detailed in Appendix F; Table 3-4 indicates specific types

of hospital wastes designated by various of these state regulations

as infectious, i.e., hazardous.

30

I



TABLE 3-4

HOSPITAL WASTES IDENTIFIED AS INFECTIOUS BY STATE

STATE
WASTE

CA MD MN NY PA WA NJa

Autopsy Specimens X X

Blood Specimens X X X X

Excreta X X X X

Obstetrical Waste X

Pathologic Specimens X X X X

Secreta X X X X

Surgical Specimens X X X X

Tissucs X X X

Etiologic (infectious)
Agent-Containing Items X X

Disposable Fomites X X Xb X

Disposable Diapers X

Disposable Instruments X X X X

I.V. Apparatus X

Perineal Pads X

Sharps X X X

Utensils X X X X

Dangerous Drugs X X

Biological Solids X

Incinerator Ash from
Infectious Waste X

Diseased Animals X A

aFrom Public Docket (1979); see Appendix E-5.

blncludes wastes from persons in isolation for control and treatment

of infectious diseases.

SOURCE: EPA, 1978b
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4.0 ANALYSIS OF HOSPITAL WASTES

In order to establish the potential impact of EPA's proposed

hazardous waste regulations relative to potentially hazardous/

infectious hospital wastes, a detailed analysis was undertaken of the

weight, composition, and specific treatment of hospital solid wastes.

This analysis is based on a mail survey of Army hospitals conducted

as a part of this study, as well as L.. extensive review of the
available literature on hospital wastes generated by other military

and civilian hospitals.

4.1 Solid Waste Generation in U.S. Army Hospitals

A detailed mail survey for the purpose of obtaining comprehen-

sive data on the present volume of solid wastes generated by the 33

U.S. Army hoopit&ls and medical centers* currently operating in the

United States was conducted through the U.S. Army Health Services

Command, and responses were received from all but I of the survey

hospitals. A copy of the survey questionnaire is presented in

Appendix G, and Appendix H1 consists of several tables listing the

individual hospitals, their quantitative responses to questions 5

through 12 of the questionnaire, and various statistical analyses of

these responses.

It ohould be noted that the validity of this analysis of the

data obtained through the survey is limited by several constraints.

Most of the Army hospitals provided estimated rather than measured

*These facilities do not include Army health clinics or hospitals

operated by the Veterans Administration.
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data, and the validity of the data is affected by the accuracy of the

estimations. Furthermore, although most responses regarding solid

waste quantities (question #9) were in terms of weight, some were

reported only by volume. Conversion from volume to weight was based

on assumed densities of 200 pounds per cubic yard for uncompacted

solid waste (Swofford, 1972; Regan, 1977; data for Tripler Army

Hospital) and 500 pounds per cubic yard for compacted solid waste

(Regan, 1977); unless compaction was specified, it was assumed that

the refuse was not compacted. The validity of the statistical

analysis might also be affected by omission of data (responses to

every question were not provided by every hospital) and by use of

different classification schemes by the different hospitals (e.g.,

the sources of hospital solid waste in question #11 and the

"miscellaneous" waste category in question #10). With these

constraints, this analysis of the survey data provides reasonable

quantification of the various aspects of solid waste generation in

U.S. Army hospitals.

4.1.1 Weight of Solid Waste Generated

An analysis of the responses in Appendix H-i provides insight

into the weight of solid waste generated by the 32 hospitals

individually and in aggregate. For example, the average weight of

solid waste generated per hospital on a daily basis is 8150 pounds.

Extrapolating this to an annual figure yields a weight of nearly 3

million pounds per hospital; for the 32 hospitals collectively, the
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annual amount of waste generated amounts to slightly over 95 million

pounds or 47,500 tons.

In fact, there is some variation in the amount of solid waste

generated according to hospital size, as shown in Figure 4-1. For

hospitals with bed capacities in the range of 100 to 799 beds (21 of

the 32 Army hospitals in the survey), the aver3ge weight of solid

waste generated ranges from 3000 to 8000 pounds daijy. The largest

hospital in the survey, the Walter Reed Medical Center, has a capa-

city of nearly 1300 beds and reported 136,800 pounds of solid waste

daily. The hospital did note, however, that during the reporting

period extra solid waste was gEnerated due to a move into a new

building; the extent to which the move contributed to the overall

waste quantity was not reported, At the opposite end if the size

range, the 10 remaining hospitals in the survey had capacities of

less than 100 beds and averaged approximately 1300 pounds of solid

waste daily.

In addition to bed capacity, hospital size may also be measured

by a variety st other indices relevant to solid waste generation.

For example, when solid waste generation is calculated in terms of

the average bed patient population (a function of hospital bed

capacity and the average occupancy rate), the median for the 32 Army
i

hospitals was 26 pounds of solid waste daily per bed patient. For
i

five hospitals in the survey, rates of 90 to 346 pounds of solid

waste geaerated daily per bed patient were calculated. Seventy
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percent of the Army hospitals, however, fell within a range of 2 to

38 pounds per day per bed patient; for an additional 12 percent of

the hospitals, estimated solid waste generation rates of 43 to 57 1
pounds per day per bed patient were calculated.

4.1.2 Composition of Solid Waste

In response to question 10 of the questionnaire, the 32 Army

hoopitals provided information on the composition of the solid waste

generated (Appendix H-3). As can be seen from Table 4-1, paper items

account for the bulk of the solid waste produced in these hospitals a

(up to 90 percent in 2 hospitals, although the average for the 32

hospitals is 58 percent). Plastic items are the next major component

of hospital solid waste, with miscellaneous, glass, cloth, and metal

items following in decreasing order. In terms of combustibility, 83

percent of the wastes, on average, are combustible while 10 percent

(glass and metal items) are not. For the remaining 7 percent of

miscellaneous items, it was not possible to determine what

proportions fall into the combustible and noncombustible categories. A

4.1.3 Solid Waste by Originating Department

Solid waste is not generated uniformly throughout a hospital; A

F some departments produce much more refuse than others. This is shown

in Appendix H-4, which is based on responses by 29 of the 32 Army

hospitals to question 11 of the survey questionnaire. In one hos-

pital, for example (Hospital #2), food service accounts for 28 per- j
cent of the hospital's solid waste; the dental, intensive care, and

3
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TABLE 4-1

SUMMARY OF COMPOSITION OF SOLID WASTE FROM U.S. ARMY HOSPITALSa

(in weight percent)

STANDARD RANGE
COMPONENT MEAN DEVIATION HIGH LOW

Combustibles 83 10 96 58

Paper 58 23 90 5

Cloth 3 3 15 0

Wood 1 2 10 0

Rubber 2 2 10 0

Plastic 19 18 80 0.5

Noncombustiblri 10 8 29 0

Glass 7 6 25 0

Metal 3 3 10 0

Miscellaneous 7 7 25 0

aBased on the 1979 survey of 32 U.S. Army hospitals.
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pharmacy departments each a.ccunt for 16 percent of total waste; and

departments such as pathology, pediatrics, radiology, surgery,

general medical, and ophthalmology each account for only I percent of

the total. On the other hand, in another hospital (Kimbrough) the

general medical department accounts for the largest single percentage

of total hospital waste (27 percent), followed by the clinical/

laboratory department (16 percent) and surgery (14 percent); the

dental and intensive care units in this hospital each contribute 4

percent to total waste, and food service only 2 percent.

Table 4-2 summarizes all the cesponses received from the in-

dividual Army hospitals on solid waste generation by department.

While the standard deviations calculated for this summary data re-

flect some of the large variations among hospitals highlighted above,

certain general observations nevertheless are possible. Food ser-

vice, on average, appears to be a major source of hospital solid

waste (19 percent), followed by clinical/laboratoiy (l percent), and

surgery, general medicine and pharmacy (8 pcrcent each). The ether

departments listed generally contribute less, on an individual basis,

to the total solid waste load of the hospitals surveyed.

In EPA's proposed regulations for classification of certain hos-
i

pital wastes as potentially hazardous/infectious, the Agency speci-

fied that wastes from ten individual hospital departments be

considered. * The ten departmeý,ts listed by EPA were autopsy,

*See Section 3 of this study for background detail on the proposed

regulations.
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TABLE 4-2

SUMMARY OF SOLID WASTE GENERATION BY DEPARTMENT
IN U.S. ARMY HOSPITALSa

(in weight percent)

STANDARD RANGE SAMPLE
DEPARTMENT MEAN DEVIATION HIGH LOW SIZEb

Clinical Services (Laboratory) 11 8 30 2 27

Dentistry 5 5 20 0.4 26

Medicine 4 4 16 0.2 23

Obstetrics and Gynecology 4 4 15 0.8 25

Pathology 3 4 13 0.04 24

Pediatrics 3 3 12 0.2 26

Radiology 3 3 15 0.3 25

Surgery 8 6 25 1.2 25

General Medicine 8 7 27 0.3 21

General Surgery 5 5 20 0.2 19

Intensive Care 4 4 16 0.5 24

Ophthalmology and Otolaryngology 2 2 9 0.4 23

Pharmacy 8 5 20 0.7 28

Coffee Shop 2 2 7 0.4 20

Command and Administration 7 6 20 1 27

Food Service 19 14 49 1 26

a Based on the 1979 survey of 32 U.S. Army hospitals.

bNumber of hospitals reporting waste from the department.
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emergency, isolation, morgue, laboratories, obstetrics, pathology,

pediatrics, surgery and intensive care.

Data for the last six of these departments are included in Table

4-2; for convenience the same data are broken out separately in Table {
4-3.

As is clear from the latter table, EPA's proposed regulations

could affect, on average, 35 percent of the solid waste prebentLy

generated by U.S. Army hospitals. (For certain hospitals, howiver,

up to 85 percent of total solid wastes could be affected-) Since the

average amount of solid waste generated by Army hospitals was

calculated above (Section 4.1.1) at 8150 pounds daily, 35 percent of

this total would be 2852 pounds daily per hospidal. Aggregating this

average fcr all 32 hospitals in the survey would yield nearly 91,300

pounds of waste daily or, on a yearly basis, approximately 33.3

million pounds (16,666 tons).

4.1.4 Current Methods of Disposal

In order to determine the extent of current methods used by U.S.

Army hospitals for the disposal of their solid wastes, question 12 of

the survey questionnaire specifically solicited information on four

typical methods of disposal: garbage grinding incineration, incin-

eration in a pathological incinerator, and landfilling. The re- I

sponses of the 32 hospitals to this question are tabulated in

Appendix H-6.

Analysis of these responses yields several relevant observations

on the significanc- of landfilling relative to other disposal methods
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TABLE 4-3

SUMMARY OF QUANTITIES OF ARMY HOSPITAL SOLID WASTE
FROM DEPARTMENTS DESIGNATED AS SOURCES OF INFECTIOUS

WASTE UNDER PROPOSED REGULATIONSa
(in weight percent)

MEAN STANDARD RANGE SAMPLEDEPARTMENT PERCENT DEVIATION HIGH LOW SIZE

Clinical Services I
(Laboratory) 11 8 30 2 27

Obstetrics and
Gynecology 4 4 15 0.8 25

Pathology 3 4 13 0.04 24

Surgery II 7 30 1.3 27

Intensive Care 4 4 16 0.5 24 Ii
Pediatrics 3 3 12 0.2 26

Total (%) 35 16 85 7 28

aBased on the 1979 survey of 32 U.S. Army hospitals.
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for Army hospital waste. Foremost among these observations is that

all but one of the Army hospitals currently rely upon landfillinR for

some portion of their current wastes. (The one hospital not using

landfilling incinerates 100 percent of its waste\. Eighty-three

percent of the hospitals using landfill disposal rely upol this

method fo- 'i-possl of at least 70 percent of their wasteluad; only

one of these hospitals, however, disposes of 100 percent of its waste

by landfilling. Of the five remaining hospitals (17 percent), one

disposes of 16 percent by landfilling, and the other four dispose of

49 to 69 percent of their wastes in this manner.

Landfilling is, therefore, a highly important but not exclusive

means of waste disposal for the great majority of all Army hospitals.

Indeed, 94 percent of these hospitals also incinerate some portion of

their wastes; on average 20 percent of hospital wastes are inciner-

ated, usually in a pathological incinerator. In view of Army

regulations requiring incineration as the preferred method of dispo-

sal for certain potentially hazardous wastes defined by Army regula-

tions as "infectious," this widespread use of incineration is not

surprising.*

Disposal of a portion oi solid waste by garbage grinding rather

than incineration is used by only one Army hospital. Garbage

grinding as a means of disposal in addition to landfilling and

For a discussion of Army hospital waste disposal regulations, see
Section 3.1 of this study.
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incineration is used by 12 (36 percent) of the Army hospitals, for an

average of 2 percent of their total wasteload.

4.2 Solid Waste Generation in Other Military and Veterans
Administration Hospitals

A limited amount of data on solid waste generation in other

military hospitals were available in the literature. These data

cover nine hospitals: six Navy hospita]s, one Air Force facility,

and two Veterans Administration hospitals. The data are presented in

Table 4-4.

In general, these 9 military hospitals are larger than the 32

Army hospitals surveyed, with an average capacity of 483 beds for the

former as opposed to 285 beds, on average, for the Army hospitals.

Nevertheless, the reported quantity of solid waste generated daily

(6952 pounds on average), is somewhat lower than the Army hospital

average of 8150 pounds. Since data on factors such as average

occupancy rate and gross population were not available for all but

one of these nine hospitals, it is not possible to ascertain whether

the lower average wasteloads were due to lower values for these

factors, which have a direct influence on total hospital solid waste

generation. The fact that data for these hospitals are not as cur-

rpnt as for the Army hospitals also could be a factor in the lower

waste volumes reported.

Data on the composition of the solid wastes from these other

military hospitals were not available in terms of combustible versus
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noncombustible portions of the total wasteload. A substantial

proportion of the wastes for the six Navy hospitals, however, was

reported as consisting of single-use disposable solid wastes (from 60

to 80 percent of the total solid wasteload). While it cannot

necessarily be assumed that all of these disposable wastes also are

combustible, there is no reason to believe that the bulk of these

wastes would not be so.

No data on the origination of solid waste by hospital department

were available for these hospitals, nor were data available on cur-

rent methods of disposal. Nevertheless, there is no inherent reason

to believe that there would be substantial differences from the pat-

terns observed in the survey of the 32 Army hospitals.

4.3 Solid Waste Generation in Civilian Hospitals

4.3.1 Weight of Solid Waste Generated

Twenty different studies containing information on solid waste

generation in over two hundred civilian hospitals were located in the

literature. These studies were done over a 22-year period from 1956

through 1978. Pertinent information is presented in Appendix I;

Table 4-5 presents a statistical sumnmry uf this information.

On average, these civilian hospitals were larger than the 32

Army hospitals surveyed. In terms of bed capacity and bed patient

population, the civilian hospitals averaged 664 bedo and 441 bed

patients, in contrast to the averages of 285 beds and 171 bed

patients for the Army hospitals. On the other hand, average solid
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-. - - - - - - - - 4



, 1- r. 00 00c --T -* C4 C-14 C-j C
(7 0%o' 0% 1 0%~ a% % O % CN 07%
-1 r-q ,-4 v.

4  
-4 - - -4 -

o% a% 0r NO % a, m% a% (IN 0
r- -4 - - -1 -4 -4 .-4 -4 v-I P- -1

r, co 11 0 00 co 00 OD

1-4

C.4
0.

:i ON 0 r- fl- (1 v-4 rq N -4 eq
0 enc -4 0 '-4 co e

-zu 00 sO '.4 tJ 0 t- N %0
> en 00 ON 0 CN v-4 0 1-1

C.)4 1- s.D V4 C-I r- .
N hr-

P-4

zz
00
-4 z4

r-I- -7 ný 14 L)C -
z 1. U- %D Go r'M P., r-. N Ln - 0

> 7 Nl I'- 0% 11

0~. 7 Uý nC

o~~~c z O tvuO 4

-'-4
4- 0 w-

-, 06 -,4 0v-

0.. m v-I CJL. v

4 0 0 0 r_

v 0 0H w f -

'0 Dc( 0. 0 iv oa

U 0 ~ Cý v 0 W v4- 0 QJ
cv~ '-4 0. "U0. -4 vIU 0 -

0~~~ 60 (U ~ 00 0 Uc
0. ci) -4 Cl 0ni)

c) to Ci) 0 n V) ( -n o E

co (n > ýq a X J .0 .0 10 .0

$-* C r- 04 -I v-I-4 1-4 ow- -4 -4

0. :1 0 - I-
jC.0 .14

146



Vo M

44

Ic
ca I

UU

>4 Cv4

in i

Ed. 0

W C CO -0 v

(L)

*a Ji - q

z 4 0 -

=~ Cv)

4 -U:) 4
-4C -

S U)

~ 447



waste generation is somewhat less in the civilian hospitals than in

the Army hospitals. For the former the total solid waste load

averages 7305 pounds daily and 18 pounds per bed patient, while for

the latter the data are 8150 total pounds and 51 pounds per bed

patient (although 70 percent of the Army hospitals had per bed

patient wasteloads of 2 to 38 pounds daily). In general, the rate of

solid waste generation per bed patient in the civilian hospitals

tended to fall within a range of 12 to 24 pounds daily, as illus-

trated by Figure 4-2.

The above statistics should not necessarily be interpreted to

mean, however, that Army hospitals generate relatively more solid

waste than civilian hospitals. The most appropriate indicator of the

rate of solid waste generation in any hospital is average pounds

generated per equivalent population. Equivalent population includes

the total number of bed patients, outpatients, and employees (also,

volunteer workers for civilian hospitals), during an average 8-hour

hospital shift. Using this measure of hospital size, the average

rate of solid waste generation for the Army hospitals was 6 pounds

per equivalent population (Appendix H, Table H-2). For the 39

civilian hospitals on which study data reporting hospital equivalent

population were available, the comparable ratio also was 6 pounds, if

data from the 29-hospital survey are included (ESCO/Greenleaf, 1972;

Burchinal, 1973; Ross Hofmann, 1974; Snow et al., 1956). If this

ratio is typical of civilian hospitals in general, then there is no
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real difference in the rate of solid waste generation for Army

hospitals relative to civilian hospitals. I

In other studies done on solid waste generation in civilian

hospitals, an increasing trend has been observed in recent decades,

with the impetuts for this trend attribdted to increased utilization

of single-use disposable items (Vaughan, .,968; Litsky et al., 1972;

Ross Hofmann, 1974). Schatzle (1970) estLmated that hospital solid

waste totaled 3 to 4 pounds daily per bed patient in 1955, 5 to 10

pounds in 1960, and 15 to 20 pounds in 1970. A study at one Canadian

hospital revealed a similar trend: solid was:e increased from 5

pounds daily per bed patient in 1965, to 7 pounds in 1967, and 12

pounds in 1972 (Schmidt, 1974).

The data in Appendix I, when averaged by decade, also indicate

increasing amounts of hospital solid waste over time, although the

principal increase appears to have occurred earlier than estimated by

Schatzle. The averages were 7 pounds per bed patient daily in the

1950s (data for 29 hospitals), 16 pounds in the 1960s (93 hospitals),

and 17 pounds in the 1970s (92 hospitals).

Using the mean of 7305 pounds of total solid waste generated

daily for the 167 civilian hospitals reporting individual hospital

data, an aggregate daily total of 1.2 million pounds of solid wadte

can be calculated for all of these hospitals. Extrapolation to an

annual basis yields a solid waste total of approximately 2.7 million

pounds per hospital, and 445 million pounds (225,000 tons) for the

167 hospitals collectively.
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In fact, there Lre nearly 7000 civilian hospitals in the UnitedLI

States that would fall under EPA's proposed regulations for solid

waste disposal (Shulman, 1979). If it is assumed that the average of

7305 pounds of solid waste daily is generally applicable for all of

these hospitals, then a total annual amount of approximately 18.9

billion pounds of civilian hospital solid wastes would be affected by

the EPA regulations. Adding this total to the annual wasteload of

the 32 Army hospitals and 9 other military hospitals analyzed above

would result in an overall total of nearly 19 billion pounds or 9.5

million tons of solid waste generated yearly by U.S. hospitals.

Wastes from military hospitals for which data were not available

could be expected to slightly increase this total.

4.3.2 Composition of Solid Waste

Of the 167 civilian hospitals in Appendix I for which individual

data were available, data on the composition of solid wastes were

available in only two studies for 3 of these hospitals. In addition, -

two other studies were found in the literature that contained some =

information on the composition of civilian hospital solid wastes.

Table 4-6 displays the data available from these sources.

As can be seen in Table 4-6, paper items are generally the major

component of solid waste for the hospitals studied. In three of the

studies miscellaneous items were the next major component of solid

waste, accounting for 18 to 40 percent of solid wastes in these

studies. Rubber and plastic items were reported separately in all
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but one study, and accounted for 6 to 22 percent of the total waste-

loads, while data on glass and metal items were available in all four

of the studies, and ranged from 8 to 15 percent of the wasteloads for

the hospitals studied.

Since both the level of detail and the number of civilian hospi-

tals that have been studied regarding wasteload composition are rela-

tively limited, it is not possible to make a definitive comparison of

wasteload composition between citilian and Army hospitals. In V-

general, however, the data patterns indicated in Table 4-6 seem to be

compatible with the data reported by the 32 Army hospitals in Table

4-I. In terms of combustible versus noncombustible portions of solid

waste, three studies in addition to the four discussed above provide

some data for civilian hospitals. These data, presented in Table

4-7, indicate that 50 to 94 percent of the solid wastes are combuu-

tible. Where the miscellaneous component of wastes is 7 percent or

less, the minimum percentage for combustible hospital wastes is 72

percent. For the 32 Army hospitals, on average, 83 percent of wastes

were combustible.

4.3.3 Solid Waste by Originating Department

Data on solid waste generation by different departments within j
civilian hospitals were available in two studies (Iglar and Bond,

1973; Burchinal, 1973), and are presented in Table 4-8 along with

comparable data from the survey of the 32 Army hospitals. In both of

the civilian hospital studies, the one department accounting for the

largest proportion of hospital totai wasteload was food service, with

53

LO



n CN N C4 N N V4N

-t, a' Y' a', Cha C, m ' (71

N. -4 -4 -I,4 0 0 -4) 0) lu

0) NN N r 9 c 5- 4-0 4-4 4- 4.

Q, 4 m ~ r. ( 4 4) ci Q1 41 4) . 4 .- 4- -

0 C)
w o00 o0 m 4

-. 44

I-0
a 00 VI)-J 'n4 O N, -7 '-4 -.7 cli 1. C , 000 0 0

-~C C1I c- -7V

pq~ Q

C)

91.

. .41

14

-t to
C0 O ~ x a O r- N N -4 ý . 04- ~ ' ~ c-

H , 4 -A -A -AI -4 L, 4 -4
10 4. 1w U

0 cz. 0 00u Q 0C
w -4 u0 4 0 3 1 (

- ~ ~ r C, 0-,l / 0 =' c1 =( -,4 M00 C - 0 CI - -

-54



to o- ol W^ M

Im m~

N4 b e xa' 4 ý !1 . .

W

C)0 aC

0'0ý 0 CN n ON m 0 m0 H 0 00 N 0 V)0
F, a - CN C % UO Mu C U ' C C-4 4?' V(U N C4 EU Mu -4 CU T

Z'

- 41

fo

0. -r -

004 " H44 c

ý4 .4 0
Q-4 P-1

z '- 55



w~ 00 GO 00 00 0 co Go 00 00 co 00 00 00 00 00 co co Go 00 00 co
Ci 0 'b ID 0 sO0 %0 s0 '0 'D '0 so %0 %D 0 %D ID ID 1. 0 %a 10 'C

a, 0'0ý a, a% a, C, o% ON ON ON 0 ON a, a % C0%r 0% 01 0% a, a, a,
Cl -4 '-4 -4 .- ,4 4 -4 '-4 14 1- 4 1 -4 r4 P -4 .-i -4 r4 -I 4 -4 wA .-4

kvIl U ) U C U ) U ) U) U ) £ ) C ) ) ( C C

M, ri (U (U mU ( U ( U ( (9 co U mU U (U mU (U mU f"

CL

C)

cz. -4

X4. 0 Clc Tr f)C e nC

Vo 'oLnenL

00

0

g 4- .. H4

4-.4

~ ' ~(~) 0 " t ( 0 0 C, ' O -t0 W' '0 -4= I-1 C
-4 -44

a; C) X r- 0 0 Z' 0IJ

7-4 7- 7-~ 7-' ) A. P A. V C/ 4M 4-) C) 0n ) (U (U Ga Ga C) C

4-~4-0 0'0 H U '~56



411
A(4

0 .

4.4 0' - 040
4 -4

0 0

04 .- 04

w- 14 &

.144W

41 0

(4 -4 O-4
- .-4
J-j 4z

(4 U57



t•

TAL 4-8

I

GENERATION OF SOLID WASTE BY DEPARTMENT
IN CIVILIAN AND ARMY HOSPITALS

CONTRIBuriON BY DEPARTMENT (Z) 1
80-HOSPITAL UNIVERSITY OF WEST . SURVEY OF 32

SOURCE SURVEY' VIRGINIA MEDICAL CENTERb ARMY HOSPITALS

Clinical Service

(Laboratory) 2 6 11

Dental Activity --.--- 5

Department of Medicine 20 4 4

Department of Obstetrics
and Gynecology 4 5 4

Department of Pathology 0.04 --- 3

Depirtment of Pediatrics 1 2 3

Department of Radiology 1 2 3

Department of Surgery 4 15 8

General Medical Service 1 i0 8

General Surgical Service ---. 5

Intensive Care 0.7 3 4

Ophthalmology and
Otoloaryngology Services --- 0.2 2

Pharmacy Service 0.7 1 8

Coffee Shop 1 1 2

Administration 4 6 7

Food Service Division 49 39 19

Other 11 6 ---

aData reported as means (Iglar and Bond, 1973).

bCalculated from data of Burchinal (1973).

Note; A dash (---) indicates data were not reported.
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39 to 49 percent. The only other departments contributing 10 percent

or more to the total wasteload were the depai'tment of medicine (20

percent) and "other" (11 percent) (Iglar and Bond, 1973), and the

department of surgery (15 percent) and general medical (10 percent)

(Burchinal, 1973). For the six departments that were included as

sources of potentially hazardous/infectious waste in EPA's proposed

regulations,* the total contribution from these departments in the

two civilian hospital studies was 12 percent (Iglar and Bond, 1973)

and 31 percent (Burchinal, 1973). For the 32 Army hospitals

surveyed, the comparable statistic was 35 percent. The data

available are not sufficient to draw any firm conclusions on whether

Army and civilian hospitals are fundamentally similiar or distinct in

their rate of generation of potentially hazardous/infectious wastes.

Shi

' ii
; *Ten hospital departments were listed by EPA, but specific data are

available only for the following six: clinical/laboratories,
obstetrics, pathology, pediatrics, surgery, and intensive care.
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5.0 PATHOGENS ASSOCIATED WITH HOSPITAL AND MUNICIPAL WASTES

In formulating its proposed regulations for the classification

of certain hospital wastes as hazardous/infectious, EPA did so upon

the presumption that wastes from specified hospital departments are

particularly likely to contain pathogens which, when disposed of in a

sanitary landfill, may pose a risk to human health (Federal Register,

1978).* Many of the microorganisms commonly found in hospital

waste also are present in municipal solid waste and wastewater.

Under EPA's proposed designation of hazardous wastes, however,

neither municipal solid wastes nor municipal wastewater subject to

treatment by land application are specified as potentially hazardous

wastes. In fact, the treatment of municipal wastewater by land

application is specifically excluded from regulation under RCRA

(Federal Register, 1978). In this section, currently available

information on pathogens preeeit in hospital solid wastes will be

discussed, along with a discus:iion of pathogens also present in

municipal solid waste and wastiwater.

The survey of U.S. Army hositals conducted for this study

specifically solicited information on any pathogens present in the

solid wastes landfilled by these hospitals (Appendix G: Survey of

U.S. Army Hospitals, question 13). However, few data were available.

The available literature was also reviewed for information on

#For a background discussion of EPA's proposed regulations, see
Section 3.3.
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1li
pathogens identified in hospital and municipal wastes. Table 5-1

presents an overview of this information for the pathogens identified I

in these wastes, and the pathogenic hazard classification of each of

these organisms as established by the Center for Disease Control.

Only pathogens in Classes 2 through 5 are regarded as posing hazards

of concern to human health (Appendix C: CDC Classification of Etio-

logic Agents). -

5.1 Hospital Solid Waste

As can be seen from Table 5-1, a total of 34 genera and groups

of bacteria and fungi have been reported as associated with hospital

waste. This listing includes those microorganisms detected in hos-

pital air (Greene et al., 1962b) and in leachates from lysimeters

filled with hospital refuse (Scarpino et al., 1979), as well as

those isolated from hospital solid waste (Smith, 1970; Trigg, 1971;

Scarpino et al., 1979).

As indicated in the table, the majority of these microorganisms

(27 out of 34) are classified as Class I etiologic agents; only 7

pathogens of Class 2 were reported in hospital waste, and no patho-

gens of any classes higher than 2 were reported. However, this does

not necessarily mean that no other pathogens are ever present in

hospital wastes, only that studies have not yet been done that demon-

strate either the presence or ab.ence of other pathogens. No viruses

or higher parasites have been reported in hospital solid waste.

61

.. . .. ,i



(-4
U)

00 z
x

3m

Lbx

In. W

(on
M 4 : ) E l C
4)V 4 wto:

A '1'IV- U04
V): 3-0 Z 4 1 4 . 0C

-1 IJ 0 ,Iu c
UU U

00 4.4 4 o g o. )t
x X z

0 -I



Ito

C-4

V) ~

L)

cf)

-to0 L 010 m 1 j m4. m w a v 1
co91u M 114.

< i u w 4 1I-1

cc w -

A.g ; V nU ;V
U;V; V

-6



4

toI

02 M4 X0 x b

0 0 x coxxxxXXX4 xxV

to4

4W 0

Ln( -4

EA 141 u 4

0

U)64



-I-

cc

ý4

- CN

0
41 -4 C

P4c
UU

c4 4 '-4 r, 0

0. t)-4

C.).

-65



m-u

(A

c'

-- V

0 ol

a.c~a

0 ~ a 0'. -

w

- n IQ. -jw 0 0)0

CMa

~ I~0 1
C/) ( 0 0 r- - C.

(on
Z '. ~ Cc

0t U. , C
C.) ,. (

U.l (

V, W, XI 4
4)~ 1 o0* C ) .

66 .4 .



Individual studies indicate that relatively few types of organ-

isms may comprise the majority of the microbial life identified in

hospital solid waste. For example, Staphylococci are predominant in

the waste generated within certain hospital areas.

Smith (1970) studied the solid waste of a teaching hospital for

the presence of pathogenic microorganisms. Three areas of the hospi-

tal were examined: the incinerator room, blood bank, and general

mediciie areas. Bacillus sp. comprised 80 to 90 percent of the total

number of microorganisms isolated, and Staphylococcus and Streptococ-

cus accounted for the remainder.

In a follow-up study at the same teaching hospital, the refuse

from 15 nursing stations was examined (Trigg, i971). The study [A

results are shown in Table 5-2. Staphylococcus aureus was the pre-

dominant pathogen in patient refuse, with spore-forming organisms not

pre.;ent in 3ufficient numbers to constitute a hazard. The opportu-

nistic pathogens Staphylococcus aureus, Candida albicans, and

Pseudomonas were present uaiformly at the 15 nursing stations. The

concentration of microorganisms ranged from I x 102 to 1 x 108

organisms .)er gram of refuse (Trigg, 1971).

No atudies of the virulence of pathogens in hospital solid waste

were available. Without such information, it is impossible to draw

any conclusions about the infectiousness of hospital solid waste.

5.2 M•Wicipal Solid Warte

The pathogers identified in municipal solid waste in Table 5-1

were isolated frola municipal solid waste (Gaby, 1975; Scarpino et
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al., 1979) and from the leachates of lysimeters filled with municipal

solid waste (Scarpino et al., 1979). Of the 39 genera and groups of

pathogens detected, 30 are Class 1 and 9 are Class 2 etiologic

agents. No other hazard classes were observed.

5.3 Municipal Wastewater

The pathogens listed for municipal wastewater (Table 5-1) were

detected in sewage sludge (Burge et al., 1977; Theis et al., 1978;

Scarpino et al., 197)), ia leasAtsLes from lysimeters containing

sewage sludge (Scarpino et al., 1979), and in aerosols generated

during spray irrigation of treated wastewater (Johnson et al., 1977).

Of the 33 identified genera and groups of pathogens, 18 are classi-

fied as Class 1, 14 as Class 2, and I as a Class 3 etiologic agent.

5.4 Relative Hazardousness of Hospital Solid Waste

As can be seen from Table 5-1, more Class 2 pathogens have been

identified in municipal wastes than in hospital solid waste. Fur-

thermore, of the seven Class 2 pathogens identified in hospital

waste, all but two (Actinobacillus sp. and Actinomycetes) were also

detected in municipal wastes.

Six Class 2 bacteria are associated with hospital solid waste,

and five of these are also present in municipal wastes.

One Class 2 fungus was identified in hospital solid waste, but

it was not detected in the municipal wastes.

No viruses were reported as associated with hospital solid

waste, although viruses have been detected in municipal solid waste
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and wastewater. The lack of detection of viruses in hosnital solid

waste does not necessarily indicate that viruses are absent. The

studies may not have included isolation of viruses, or the techniques

used may not have been sufficiently sensitive for virus detection.

-A
No higher parasites have been reported in hospital solid waste, -

although these organisms have been detected in sewage sludge.

From the data that are available, it is concluded that the

microorganisms found in al! three types of wastes--hospital solid

waste, municipal solid waste, and municipal wastewater--are generally

similar. Some bacteria in CDC Class 2 are associated with hospital

solid waste; however, all but one of these are also reported for

municipal solid waste. Furthermore, although some microorganisms are

unique to hoRpital solid waste, only two of these--one bacterium and

one fungus--are Class 2 etiologic agents.

Few data are available on the concentrations of the pathogens in

hospital solid waste, municipal solid waste, and municipal waste-

water. No reports of pathogen virulance in these wastes were avail-

able. In the absence of such data, no conclusion can be drawn about

the absolute, or the relative infectiousness of hospital solid waste.

A
A
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6.0 lANDFILL FACTORS AFFECTING FATHOGEN FATE

As discussed in Section 4.1.4, the majority of wastes generated

at U.S. Army hospitals is currently disposed by landfilling. In-

cluded in this wasteload are wastes from the ten departments desig-

nated by EPA as generating hazardous wastes. Some wastes from these

departments have not been incinerated in a pathological incinerator

nor otherwise rendered noninfectious prior to landfilling. To com-

ply with the proposed EPA regulations on Hazardous Waste (Federal

Register, 1978), these wastes would have to be separated from the

total wasteload and disposed in specially designated hazardous waste

disposal facilities. Suwh facilities would have to meet more strin-

gent design, construction and operating standards than are required

for sanitary landfills. Additionally, designation of such wastes as

hazardoua would impone requirements for containerization, storage,

and transportation in accordance with Department of Transportation

regulations, as well as compliance with EPA standards for manifest,

reporting, and recotdkeeping. While a complete discussion of these

additional requirements as they would apply to US. Army hospitals is

beyond the scope of this report, it should be noted that they are

integral components of a hazardous waste management program.

Of direct concern to the issue of landfilling potentially

hazai -)us/infrctious hospital wastes are the design, construction and

operating criteria proposed for a sanitary landfill in comparison to

standards proposed fOL a hazardous waste landfill, To that end, this
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section will discuss and compare the standards proposed for a sani-

tary landfill, a hazardous waste landfill and disposal of special

waste.* The soil characteristics that affect landfilling are

discussed in Appendix J-1. Information about sanitary landfill -

design, especially aq related to soil characteristics, is presented

in Appendix J-2.

6.1 Sanitary Landfills: Criteria and Guidelines

As discussed in Section 3, EPA has promulgated regulations that

establish performance standards for solid waste disposal facilities

(Federal Register, 1979a). These criteria define the level of health

and environmental protection that must be achieved in order to avoid

classification as an "open dump." In addition, EPA has proposed

guidelines thrt recommend considerations and practices for the loca-

tion, design, construction, operation, and maintenance of sanitary

landfills. Applying practices recommended in the proposed guidelines

will, in most cases, assure compliance with the proposed criteria

(Federal Register, 1979b). The following discussion of sanitary

landfills, in terms of recommendations for vice selection, leschate

control, operation, and monitoring, is based on the two documents

mentioned above. These criteria are summarized in Appendix B-I.

*Special wastes are those wastes that occur in large volumes, the

potential hAzards are relatively low and they are generally not
amenable to control techniques apecifi#d for hazardous wastes. EPA
proposes to regulate B ich wasteA with special standards.
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6.1.1 Site Selection

The criteria for the location of solid waste disposal facilities

require that specific design restrictions must be complied with in

floodplain areas and with regard to endangered and threatened species

of plants, fish, or wildlife.

In site selection, consideration must be given to ground and

surface water conditions, geological and topographical features,

waste type and quantities to be accepted, and 8ocial, geographic, and

economic factors as well as to environmental itnpactp,
6.1.2 Leachate Control

Movement of landfill leachate to surface or groundwaters may

contaminate such waters, and in the case of pathogen-contaminated =

wastes, may result in an adverse impact on human health. Leachate

management is thus a vital aspect of landfill design and operation

and entails control of leachate production, escape from the landfill,

and impact on the environment.

Control of leachate production entails control of the amount of

water that enters the landfill site either as rain or other forms of

precipitation, as surface runoff, or as flooding. Sound solid waste

management practices to control leachate generation include:

"* Use of low permeability soils, such as clay, as a landfill
cover to minimize infiltration. Such soils should have low
shrink-swell potential to prevent cracking.

"* Appropriate grading of the cover soil to facilitate runoff
without causing erosion.
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a Construction of ditches surrounding the landfill capable of
diverting the runoff from a 10 year/24 hour storm,

* If the landfill is located in a 100-year floodplain, con-
struction of a dike around the landfill capable of preventing
inundation.

The need to control or, in some instances prevent, the escape of i

leachate is a function of the degree of nrz~tection necessary for the

local groundwater, the distance of the landfill from groundwater, and

the attenuating* capabilities of the naturally occurring soil sys-

tem. If the naturally occurring soils are incapable or only par-

tially capable of attenuating Lhe leachate generated to maintain

surface and groundwater quality, use of liners is necessary.

Landfill liners may be constructed of naturally occurring

materials such as well compacted clays, of amended natural materials -

such as soil cements or asphaltic mixes, or they may be artificial

materials such as polymeric membranes. The advantages and disad-

vantages of each type of liner material are summarized in Table 6-1.

When maximum leachate containment is desirable or necessary,

single or multiple artificial liners are recommended in conjunction

with constant removal of the collected leachate. A 1-percent grade 2 -

is -ecommended to facilitate leachate coiiection and removal.

i

*Attenuation is defined here as "any decrease in the maximum concen-

tration or total quantity of an applied chemical or biological
constituent in a fixed time or distance traveled resulting from
physical. chemical, and/or biological reactor or transformation"
(Federal Register, 1919b).
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EPA has recommended minimum standards for natural soil and arti-

ficial liners that are used to significantly restrict the flow of

leachate:

"* permeability of I x 10-7 cm/sec

"* ability to resist physical and chemical attack by leachate

"* maintenance of integrity throughout the design life of the
landfill

o minimum thickness of

- 12 inches for natural soil liners

- 20 mils for artificial liners

The third element of leachate control is the management of its

impact on surface and groundwaters. This applies to leachate that

has escaped or has been drained from the landfill site.

The principal method of minimizing the impact of migrating

leachate on the environment is aaequate separation between the land-

fill site and surface or subsurface waters. Thus, EPA recommends

that the botto-r of a landfill structure should be, at a minimum, 5

feet above the seasonal high groundwater table. Depending upon the

degree of protection necessary, devices may be installed in this

unsaturated zone to monitor leachate passage. Facilities with the

potential to discharge leachate to groundwater that is used as a

drinking water source should monitor the quality of the groundwater

and leschate by the use of wells. Monitoring should be used to

establish background levels of water quality and, once the landfill

is in operation, should be conducted at least annually.
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Leachate that is collected and removed from the landfill site

should be disposed in an environmentally sound manner, either by

treatment, land application, or recirculation. Additionally, any

point source discharges must comply with the National Pollutant

Discharge Elimination System (NPDES) permit required by the Clean

Water Act (PL 95-217) and any nonpoint sourL:e discharges must be

controlled to minimize or prevent contamination of any off-site

surface waters.

6.1.3 Operatio

Recommended operating practices include regulation of the quan-

tities and types of waste to be accepted to assure compatibility with

landfill design, application of cover material, protection of the

health and safety of employees, and recordkeeping. Recommended prac-

tices for the application of cover material are of direct relevance

to the issues addressed in this study. Cover materials are applied,

among other purposes, to minimize infiltration of precipitation.

A minimum of 6 inches of cover material should be applied daily

to active landfill cells and a minimum of 12 inches should be applied

to cells that will be inactive for 3 or more months. Once completed,

the landfill should be covered with 6 inches of clay or other highly

impermeable material. Upon this clay base, a minimum of 18 inches of

soil capable of supporting vegetation is recomraended.

6.2 Hazardous Waste Landfill Facilities: Criteria and Guidelines

Proposed regulations for hazardous waste management facilities

include general facility guidelines and criteria applicable to
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landfill disposal sites. Specific performance guidelines are pro-

posed for hazardous waste facilities whereas recommended practices

are proposed for sanitary landfills.

General facility standards cover general site selecLion; secur-

ity; contingency plans and emergency procedures; employee training;

manifest system, recordkeeping and reporting; visual inspections;

groundwater and leachate monitoring; and financial requirements.

Standards directly applicable to landfills include site selection,

construction, and operati n, as well as closure and post-closure.

Relevant portions of these standards as they apply to site selection,

leachate control, and operation will be discussed below to highlight

the differences between a hazardous waste disposal facility and a

sanitary landfill.

6.2.1 Site Selection

Proposed regulations prohibit the location of hazardous waste

management facilities in the following locations: active fault

zones, regulatory floodwayn, coastal high hazard areas, 500-year

floodplains, wetlands, critical habitats, and recharge zones ot sole

source aquifers. Additionally, active portions of such facilities

must be located a minimum of 200 feet from the property border.

Deviations from these standards may be permitted if an equivalent

degree of protection is assured.

6.2.2 Leachate Control

The major emphasis in leachate control is containment of leach-

ate within the landfill. To that end, standards covering liners and
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leachate collection systems, among others, are proposed. Other stan-

dards deal with elements of landfill design and operation used to

manage leachate generation and prevent or minimize contamination of

surface or groundwaters.

Appropriate site selection is a major element in controlling

leachate generation. Thus, avoidance of high hazard sites such as

floodplains or coastal high hazard areas will limit the possibilities

of inundation. Additionally, landfill design should incorporate

diversionary structures (i.e., ditches) capable of containing the

runoff from a 25 year/24 hour storm.

As noted above, leachate containment is a function of the land-

fill liner system in conjunction with a leachate collection or

removal system, where necessary. Three types of liner systems are

discussed in the proposed regulations, natural in-place soil barri-

ers, soil liners, and artificial liners.

Natural in-place soil barriers may be used in areas where evap-

oration exceeds precipitation by 20 or more inches. Such barriers

must be at least 10 feet thick and must have a maximum permeability

of I x 10-7 cm/sec. Operators of landfills using natural in-place

barriers have to demonstrate that there will be no leachate discharge

to surface or groundwater.

In areas where the climate or site hydrogeology does not permit

use of soil barriers, the bottom and sides of the landfill must be

lined. A soil liner must be, at a minimum, 5 feet thick with a per-

meability not to exceed 1 x 10-7 cm/sec. A leachate collection and
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removal system, comprised of at least 1 foot of highly permeable soil

and one or more sumps, must overlay the liner. Alternatively, a

two-liner system may be used.

The two-liner system design consists of five separate soil

layers and a membrane liner. The first soil layer, 6 inches of

permeable soil placed on the natural soil base, functions as a

leachate removal system that is capable of permitting leachate to

move rapidly through the layer to leachate collection sumps at

various low points at the bottom of the landfill. This first layer

of soil is covered by an additional layer of permeable soil, also 6

inches thick, which is subsequently overlaid with a membrane liner.

A third soil layer, also 6 inches thick and covering the membrane

liner, is itself covered by a fourth layer of soil 3 feet thick and

having a permeability of 1 x 10-7 cm/sec. A fifth and final soil

layer is I foot thick, placed on top of the entire system, and acts

as another leachate collection and removal system that permits rapid

leachate movement through the layer into the leachate collection

sumps. The two designs described above are suggested liner systems

only. Different systems may be used, providing that they meet the

minimum criteria proposed for soil and membrane liners as well as for

leachate collection sumps as outlined in Appendix B-2.

The third element of leachate management is preventing the con-

tamination of surface or groundwaters by any leachate that may

migrate from the landfill. Site selection standards are proposed to

80
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minimize the potential of contact between landfill leachate and sur-

"face or groundwaters. Additionally, standards for monitoring ground-

water and leachate are applicable.

In addition to the general facility site selection standards

discussed in Section 6.2.1 above, standards applicable specifically

to hazardous waste landfills are proposed. These standards prolibit

direct contact between the laudfill and navigable waters. Further-

more, the landfill must be at least 500 feet from any active 'uman or

livestock water supply and the bottom of the landfill liner or bar-

rier must be at least 5 feet above the historical high water tableý.

Finally, no landfill may be constructed over soil materials that have

greater than I x 10-4 cm/sec permeability.

Landfills situated above groundwater that is used as a drinking

water sou-ce must have both a groundwater and a leachate monitor

system. The goundwater monitoring system, consisting of at least

four wells, will be used to establish background water quality levels

and water qualit; during operation and after closure of the landfill.

Samples must be taken at least annually during operation and after

closure. More frequent sampling may be necessary in areas with rapid

groundwater flow rates. The leachate monitoring system, installed in

the area between the bottom of the landfill and the top of the water

table, will also be used to establish background levels and, at a

minimum, annually monitor the extent and quality of any escaping

leachate. Any significant deviations from background levels must be

reported.
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6.2.3 Operation 0

While proper design is the major factor in preventing surface or

goundwater contamination, proper landfill operation is also

important. Io that end, EPA has proposed standards for the types of ¾
wastes that may be accepted and the manner in which they are to be

handled. Additionally, standards for soil covers are proposed.

These standards specify that at least 6 inches of cover material must

be applied daily and at least 12 inches must be applied on portions

of the landfill that will be inactive for at least one week.

Additionally, standards for final soil cover composition and grading

are specified.

6.3 Disposa] of Special Waste

Standards applicable to facilities that handle special wastes

may be written specifically for each type of special waste. Can- !i

erally, these standards may encompass some, though not all, of the

provisions applicable to hazardous and solid wastes. Standards

proposed to date for specific special wastes have included general I

facility standards applicable to waste analysis, general site selec-
tion and security, and standards covering manifest, recordkeeping and

reporting, as wejl as standards for visual inspections, closure and

post-closure, and where applicable, requirements for groundwater

moni uoring.

6.4 Comparison of Sanitary and Hazardous Waste Landfill.s

The major difference affecting land disposal of potentially

hazardous/,infectious hospital waste between the recommended practices
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applicable to a sanitary landfill and the standards proposed for a

hazardous waste landfill is the degree of leachate containment speci-

fied. The proposed guidelines for sanitary landfills recognize that

containment techniques may not be necessary for all sites since the

naturally occurring soil may provide some degree of attenuation. In

addition, they imply that some escape of leachate, both controlled

and uncontrolled, may be acceptable as long as the attenuating capa-

bilities of the underlying soil are sufficient to prevent contamina-

tion of surface and groundwaters. Finally, these standards emphasize

prevention of leachate generation as a means of avoiding contamina-
I!

tion. On the other hand, the standards for hazardous material land-

fills emphasize the maximum containment of leachate within the

landfill. To that end, specific standards for containment systems

are proposed, varying with the climate and the hydrogeology of the

site.

Additionally, site selection standards and associated landfill

design considerations are more stringent for hazardous waste land-

fills than for sanitary landfills. Thus, hazardous waste disposal

facilities must include provisions to prevent inundation from a 25 1
year/24 hour storm and a 500-year flood while sanitary landfills need

to contain a 10 year/24 hour storm and a 100-year flood. Standards

establishing a buffer zone around the hazardous waste facility and

assuring adequate separation from surface or groundwaters are more

specific and, in some instances, more stringent than for a sanitary

landfill.
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A decision regarding whether potentially hazardous/infectious

hospital wasce may safely be disposed in a sanitary landfill must

J
take into consideration the differences between the two kinds of -

landfilling requirements, particularly those pertaining to leachate

contairment. At issue in whether such hospital wastes require maxi-

mum containment or whether they may safely be disposed in a sanitary

landfill designed to permit some limited leachate migration. A dis- §-

cussion of soil factors as they apply to the mobility and fate of

pathogens in a sanitary landfill is useful in addressing this issue.

6.5 Soil Factors Affecting Mobility and Fate of Pathogens•I
The ability of a pathogen to survive outside its host is deter-

mined primarily by its nature (i.e., whether it is a fastidious or an

opportunistic pathogen) and by its condition (i.e., whether it was

weakened by its previous environment so that new or additional stress

would increase the die-off rate). When pathogen-containing solid j
r

waste is placed in a landfill, the fate of the surviving pathogens is

affected by their interaction with the solid waste components, condi-

tions withir the landfill, effects of various soil factors on patho-

gens that may reach the soil layers within the landfill, and effects

of landfill leachate.

Four soil characteristics are particularly important in deter-

mining pathogen survival and mobility in soil--soil type, moisture,

pH, and temperature (Dotson, 1973); various other fActors also affect

pathogen fate in soil. The various soil factors that affect pathogen
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fate are discussed in this section. Data on the effects of these

factors on specific pathogens and types of pathogens are presented in

Tabie 6-2. Some additional information on the fate of pathogens in

landfills and soils is included in the discussion of relevant case

studies (Section 7).

6.5.1 Soil Type

Pathogen survival rates vary in different types of soil. The

effect of soil type on pathogen survival depends on the species of

pathogen (see Table 6-2).

The principal factor affecting pathogen mobility in soil is

retention by the soil particles. Soil retention may only temporarily

inactivate pathogens and does not necessarily result in pathogen

desLruction. Viruses are immobilized by adsorption onto the soil

particles whereas bacteria and higher parasites are retained by

filtering. A sufficiently thick layer of the proper soil would pro-

tect the groundwater from bacterial and viral contamination (Glotz-

becker and Novella, 1975).

The adsorptive capacity of soil, i.e., the rate and degree of

adsorption, depends on the surface area of the soil particles and on

the thickness of the soil layer. Soil texture, as reflected in the

surface area of the soil particles, is therefore the most important

factor determining the soil's adsorptive capacity. (See Table 6-3

for the characteristics of soils of different textures.) A uniform

soil with a very large surface area, such as colloidal soil and
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TABLE 6-3

CHARACTERISTICS OF DIFFERENT SOIL TEXTURES

TEXTURE* PARTICLE DIAMETER NUMBER OF PARTICLES SURFACE AREA
(Particle Size) (amm) (per gram) (cm 2 /g)

Fine Gravel 2.00-1.00 90 11.3

Coarse Sand 1.00-0.50 722 22.7

Medium Sand 0.50-0.25 5,777 45.4

Fine Sand 0.25-0.10 46,213 90.7

Very Fine Sand 0.10-0.05 722,074 226.9

Silt 0.05-0.002 5,776,674 453.7

Clay < 0.002 90,260,853,860 11,342.5

U.S. Department of Agriculture classification.

SOURCE: Adapted from Fuller, 1977
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clay, readily retains pathogens. Sand filters are used to treat

water, and sandy soils are selected for use i.i the disinfection of

wastewater by application to land (see Section 7). Coarser soils are

less effective in preventing pathogen mobility. Shale, dolomite,

limestone, and coarse sands and gravels do not effectively filter

bacteria or higher parasites or adsorb viruses. Fractures in the

weathered rocks and channels in the coarser soils act as conduits for I
leachate flow (Braids and Gillies, 1977) and do not allow retention

of pathogens or attenuation of leachate. Table 6-2 provides data on

the effect of soil type on survival and mobility of various 1

pathogens.

b.5.2 Soil Moisture

Moisture is an important factor affecting pathogen survival and

mobility in soil. Most pathogens require a minimum amount of soil

moisture for survival, but soil saturation and seasonal precipitation j

cycles also affect the die-off rate. Most pathogens have difficulty

[ thriving in dry soils, and saturated soils are detrimental to patho-• , Ii
gen survival.

The rate at which a soil becomes saturated also affects pathogen

mobility and survival. Gradual saturation of the soil induces a high

level of virus inactivation but does not seem to affect bacteria

(Glotzbecker and Novello, 1975). Rapid saturation may free absorbed

viruses. Intermittent rather than continuous elution of soils

enhances virus retention (Duboise et al., 1976; Benarde, 1973).
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Virus migration patterns change with changes in the soil/water ratio

because virus mobility is much greater in saturated than in unsatur-

ated soils (Schaub and Sorber, 1977).

Conclusions concerning the effects of soil moisture on pathogen

survival and growth are summarized in Table 6-2.

6.5.3 Soil pH

The pH value of the soil is another factor that determines

pathogen survival and mobility by affecting pathogen growth, inacti-

vation, and adsorption. Extremes of acidity and alkalinity in soil

destroy most pathogenic organisms (Rudolfs et al., 1950a; Dotson,

1973; Wolman, 1977).

The capacity of soil particles to adsorb viruses is affected by

the soil pH because viruses are amphoteric Acid soils (pH 5.5)

enhance the ret~ention of some viruses by soil particles (Duboise et

al., 1976) whereas alkalinity (pH 9.0) generally enhances the release

of viruses from soil particles, especially when rainfall is heavy

(Duboise et al., 1976; Schaub and Sorber, 19/7). Soils that do not

adsorb viruses usually have a high pH (Burge and Enkiri, 1978). It

should be noted that the pH of landfill leachate is generally within

the range of 5.0 to 5.5 because of the production of organic acids

during aerobic decomposition of the waste.

See Table 6-2 for additional data on the effects of soil pH on

pathogens.
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6.5.4 Soil Temperature

Soil temperature is an important factor in -ýhe growth and survi-

val of microorganisms. Indigenous soil microorganisms are usually

inactivated by low temperatures and killed by high temperatures.

Indeed, the microorganisms that generate heat in compost systems

sometimes produce such high temperatures that they are destroyed

(Burge et al., 1977).

Moderate soil temperatures promote pathogen growth whereas temp-

erature extremes are Ieleterious. Pathogen destruction at high temp-

eratures and survival at low temperatures have been reported in

numerous studies. Viruses are inactivated by colder as well as

%armer soil temperatures. Pathogen inact 4 vation is high at 55°C, a

temperature that often occurs in landfills during the early phase of

landfill operation (Engelbrecht, 1973). Data on the effects of soil

temperature on pathogen growth, survival, and inactivation are

presented in Table 6-2.

6.5.5 Other Factors

Other factors that affect pathogen survival and mobility in soil

include salt and pollutant concentrations, and the presence of other

microorganisms. See Table 6-2 for data on the effects on pathogens

of ionic strength, aerobic conditions, and the presence of antagonis-

tic organisms.

The concentration of salt (ionic strength) in soils is probably

the most important factor in the adsorption of viruses onto soil
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particles (Duboise et al.. 1976; Gilbert et al., 1976b; Vaughn et

al., 1978). High ionic strength and the presence of divalent cations

increase the adsorption and retention of viruses,

Conditions in natural soils differ from those in soils polluted

by, for example, the application of sewage sludge. Because of these

differences, survival and adsorption of viruses differ in these two

types of soils. Long-term survival of viruses is greater under

natural soil conditions than under polluted conditions (Wellings et

al., 1975a; Rudolfs et al., 1950a). '"-wever, natural soils are more

effective in adsorbing viruses (L2,oise et al., 1976; Schaub and

Sorber, 1977).

The survival of pathogens introduced into the soil also depends

on the presence of other microorganisms. The interrelationships of

different populations of exogenous and/or indigenous microorganisms

in soil range from antagonism to synergism. For example, Pseudomonas

fluorescens is antagonistic toward the pathogens Salmonella typhimur-

L ium and Shigella dysenteriae (Rudolfs et al., 1950a). No specific

example of synergism involving a pathogenic microorganism in the soil

was identified; however, an exogenous pathogen might be able to

utilize a substrate provided by, for example, indigenous cellulytic

bacteria.

6.5.6 Summary of Factors Affecting Fate of Pathogens in Soil

The fate of pathogens in qoil has various aspects including

survival, growth, and inactivation as well as retention by soil
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particles. Soil factors that affect pathogen fate are soil type,

temperature, moisture, chemical composition, pH, and nutrient availa-

bility. Another factor is the condition of the pathogen at the time

it is applied to the soil (i.e., the degree of debilitation, if any,

that results from its previous environment). The presence of other

organisms can also affect pathogen fate. I
Temperature and pH are the principal factors that affect patho--

gen survival. The high temperatures and low pH that are characteris-j

tic of landfills during and after waste decompostion, reipectively,

enhance the inactivation and/or destruction of pathogens.

Bacteria and higher parasites are trapped in the soil by filtra-

tion, and they remain in the interst.tial spaces bcc:ween soil parti-

cles because of their large size. Bacteria cannot migrate more than I
a few feet through soil unless channelling or flooding occurs. I
Viruses are retained in the soil by adsorption ornto soil particles.

-idsorptive capacity of soil increases with increases in the

surface area of the soil particles, the clay content, and the cation j

exchange capacity of the soil. Virus adsorption is not necessarily

accompanied by virus destruction, and adsorbed viruses can retain

their virulence and be infectious if they are released from the soil

particles.

On the basis of the available data on pathogen fate in soil and

in landfills (3ce Section 7), it can be concluded that conditions in

a sanitary landfill are detrimental to the survival of pathogenic
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organisms that may be present in hospital solid waste. The high

Stemperatures an acidity that result from waste decomposition in a

landfill would kill or inactivate all, or nearly all, the pathogens

contained in the landfilled waste. Surviving pathogens would be
ri

retained by the soil layers that are integral parts of a landfill and

ultimately would be kept within the bounds of the landfill by the

landfill liner (see Appendix J for a discussion of landfill design).

Furthermore, landfill leachate, by virtue of its composition and

characteristics (e.g., pH), enhances pathogen inactivation and death

as well as retention by soil particles.
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7.0 POTENTIAL PATHOGENIC CONTAMINATION OF GROUNDWATER: RELEVANT
CASE STUDIES

The principal safety consideration associated with landfilling I

wastes containing pathogens is the possible spread of disease through

groundwater contamination. Pathogens present in the waste may be

transporLed with the leachate (liquid that has percolated through or

drained from the waste and contains dissolved or suspended components

of that waste) and may, in the absence of adequate flow barriers,

reach the groundwater. Only a few data are avaiiable on the fate of

pathogens in landfilled hospital wastes. Consequently, case studies

of possible groundwater contamination from municipal landfills and

from land treatment of municipal wastewater were examined because of

their relevance to the landfill disposal of hospital waste containing

pathogenic organist,:. The pathogens that are present in municipal

solid waste and municipal wastewater are similar to those present in I

hospital solid waste. Furthermore, these studies are relevant

because they involve landfilling (of municipal solid waste) and the

direct applicntion of pathogens (in the municipal wastewater) to the j
soil.

7.1 Municipal Landfill Studies

Pathogen survival and fate in municipal landfills has been

studied in seeding experimenth, in lysimeter leachate studies, and in

studies of leachate from operating and inactive landfills. Many of

these expcriments were sponsored by EPA's Municipal Environmental
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Research Laboratory (Brunner, 1979) and by the Proctor and Gamble

Company.

Seeding experiments in landfills have demonstrated that the high

temperatures generated in landfills during aerobic degradation are I
sufficient to kill most microorganisms (Brunner, 1979). No bscteria

were recovered from municipal solid waste seeded with Salmonella.
I

The rate of virus die-off was temperature-dependent--no viruses were

recovered when the landfill temperature reached 57*C,* and when the I
maximum temperature was 27 0 C, die-off was significant within 90 days

(about 102 PFUs of poliovirus were recovered from a seed of 108
I

PFUs). Virus debilitation and/or die-off probably continues beyond

the 90 days that constituted Lhe test period in these experiments.

It should be noted that field capacity, a condition necessary for

leachate generation, is not reached in a well-operated landfill for

about 18 months (Brunner, 1979), and therefore few, if any, micro-

organisms would be viable at that time for transport with the

leacha~e.

The findings from lysimeter studies have been inconsibtent; this

verifies that lysimeters cannot duplicate the conditions in in situ

landfills, and therefore that data from lysimeter studies should not

*A maximum temperature of 57%C was recorded when the waste was
landfilled in midsummer whereas the maximum was 2 7C when the
ambient temperature was about freezing at the time of landfilling.
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be extrapolated to actual landfills. In some experiments, bacteria

and viruses were recovered from municipal solid waste saturated with

water, i.e., in the lysimeter leachate (Cooper et al., 1975; Scarpino

et al., 1979; Brunner, 1979). In other experiments, no viruses were

detected in the leachates collected for 4 months from lysimeters

seedej with poliovirus type 1 and echovirus type 7 (Sobsey et al.,

1975). Experiments also demonstrated that viruses are rapidly

adsorbed onto various components of municipal solid waste in the

presence of a salt solution (similar in composition to leachate) and

that viruses are inactivated in leachate (Sobsey et al., 1975).

Twenty-one municipal landfills in the United States and Canada A

were studied to determine if viruses were present in the leachates

(Sobsey, 1978). All the landfills contained municipal solid waste;

some also contained hospital solid waste and/or sewage sludge. The

landfills that were selected for inclusion in the study were :harac-

terized by differences in type (not all were sanitary landfilis),
__--.

age, depth of fill, frequency of cover, status (i.e., active or inac-

tive), and presence or absence of impervious liners. Most of the

landfills selected for inclusion in the study were located in colder

climates in order to maximize the possibility that microorganisms had

survived in the landfills and leachates. Leachate samples were col-

lected from seepage points and from wells of different depths within

and at various distances from the landfills.
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Hospital waste was present in 7 of the 21 landfills, and I also

contained digested sewage sludge. Of these seven landfills, six were

sanitary landfills, two of which were inactive. No viruses were

detected in any of the leachates from the seven landfills that con-

tained hospital waste. Fecal coliforms were present at high concen-

tration only in the leachate from the one nonsanitary landfill.

Viruses, identified as poliovirus types 1 and 2, were isolated

from only one of the ledchate samples collected from the 21 land-

fills. This leachate was produced by an active nonsanitary landfill

that contained only municipal solid waste; the leachate sample was

collected at a large seep from the inadequately sealed face of refuse

that was newly placed on a hillside.

Based on this study, it appears that viruses will not be

present in the leachace if the landfill is designed and operated as a

sanitary landfill. Furthermore, the type of waste disposed in the

landfill (i.e., hospital or municipal solid waste) does not seem to

affect the presence of viruses in the landfill leachate. It should

be noted that there are no reports of biological contamination of

groundwater attributable to landfilled solid waste.

From this study, Sobsey concluded that, "considering the low

coucentrations of enteric viruses in raw leachates and the opportuni-

ties for further virus reductions by thermal inactivation, removal in

soil and dilution in ground or surface waters, it would seem that

leachates from properly operated sanitary landfills do not constitute
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an envirornmental or public health hazard due to enteric viruses"

(Sobsey, 1978). This position is supported by the absence in the

literature of reports of biological groundwater contamination

attributable to municipal landfills.

7.2 Land Treatment of Municipal Wastewater -

The principal area of concern with landfilled hospital waste is 4

the possibility of pathogen contamination of groundwater. Relevant

to this problem is land treatment of municipal wastewater, a tech-

nique by which treared effluent is applied to land. This procedute

results in direct application to the soil of the pathogenic organisms

that are present in the effluent as well as large volumes of water.

Case studies of land application of municipal wastewater would demon-

strate whether pathogens move through the soil with the wastewater

and whether groundwater contamination has resulted.

Approximately 700 communities in the United States use land

application as a method of disinfecting municipal wastewaLer (Thomas -i

and Reed, 1978). Other benefits of this technique are reduction of I

the costs of treating wastewater, reduction of the discharge of

wastewater to surface water, economic utilization of the water and

the nutrient content of wastewater, and removal of toxic substances

from the wastewater (Van Donsel and Larking, 1977). Three different

methods are used for wastewater land treatment: slow-rate, rapid

infiltration, and overland flow. Table 7-1 presents the major

characteristics of each method.
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II
TABLE 7-1

CHARACTERISTICS OF THE MAIN METHODS OF
LAND TREATMENT OF SEWAGE EFFLUENTSa

METHOD

CHARACTERISTIC SLOW RATE RAPID INFILTRATION OVERLAND FLOW

Soil Permeability Moderately slow Rapid (sandA and Slow (clays and
to moderately :andy foams) clayey foams)
rapid

Wa~tewater Loss Evapotranspiration Mainly percolation Surface runoff and
and percolation evapotranspirat ion

with some percola-
tion

Vegetation Required Yes No Yes

Weekly Application 0.5-4 4-120 2.5-16
Rate (in/wk)

Annual Application 2-20 20-560 10-70
Rate (ft/yr)

Land Requiredb 56-560 2-56 16-110
(acres/mpgd)

Application Sprinkler or Usually surface Sprinkler or surface
Technique surface

aAdapted from Crites and Pound (1^76) and Thomas and Reed (1978).
bField area only; does not include buffer area, roads, or ditches.
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The rapid infiltration method of wastewater application to land

was selected for consideration because it involves the coarsest soils

and the largest volumes of water--i.e., the worst conditions from the

aspect of landfilling. Rapid infiltration sites that were/are being

monitored for adverse effects on the local groundwater include

'/ineland, New Jersey (Koerner and Haws, 1979), Fort Devens,

Massachusetts (Schaub and Sorber, 1977), and Phoenix, Arizona

(Bouwer, 1976; Gilbert et al., 1976a, 1976b). Other case studies are

compiled in the EPA Process Design Manual for Land Treatment of

Municipal Wastewater (EPA, 1977c).

The Vineland system has been used for approximately 50 years to

treat primary effluent, and there is now an extensive monitoring pro-

gram. Virases and fecal coliforms were detected in 1977 immediately

beneath the application basin, but none were detected in monitoring

wells located around the site. Therefore, although some microorga-

nisms are present directly beneath the application site, none have

migrated beyond the site perimeter.

At Fo:t Devens, a site composed of unconsolidated silty sand and

gravel has been used since 1942 for rapid infiltration. Observation

wells are situated at the periphery of the application site and at

various locations downgradient toward a nearby river, and there have

been no reports of groundwater contamination resulting from operation

of the system. When the wastewater was spiked with f 2 bacterio-

phage at the high concentration of 105 plaque-forming units per

milliliter of applied wastewater, tracer was detected at the
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periphery of the application site and occasionally in downgradient

wells. This finding does not necessarily indicate that the system is

inadequate because the experiment did not duplicate operating condi-

tions and laboratory tests demonstrated that f 2 bacteriophage would

not be adsorbed by this soil under the experimental conditions.

In Phoenix, secondary effluent has been applied since about 1967

at the rate of 230 to 330 feet annually. After 7 years of operation,

neither viruses nor bacteria were detected in the sampling wells

(located 20 to 30 feet from the application basin).

Although the 1978 Report to Congress of the Office of Drinking

Water (EPA, 1978c) raised some questions about the possibility of

pathogenic contamination of groundwater by land treatment of munici-

pel wastewater, it is the contention of experts in the field that

wastewater treatment by dpplication to land is an adequate and safe

method of disinfection that does not pose a groundwater contamination

hazard (Reed, 1979). In addition, the EPA Policy on Land Treatment

of Wastewater of 3 October 1977 (EPA, 1977b) is based on the premise

that land treatment is capable of achieving treatment levels

comparable to those achieved by the best of the advanced wastewater

treatment technologies (Thomas and Reed, 1978).

The data on land application of municipal wastewater can be

extrapolated to landfilling hospital solid waste. The rapid

infiltration system involves the application of large volumes of

wastewater to coarse, textured soils (i.e., sand). The clays that
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are used in landfill construction are much more effective than sandy

soils in retaining microorganisms. Furthermore, the volume of leach-

ate that would be generated in a sanitary landfill is very small

(compared with the volume of wastewater percolating through the soil

at a rapid infiltration site) because conditions in the sanitary

landfill minimize leachate generation. Therefore, inasmuch as sandy

soils are effective in disinfecting wastewater, the clay layers

within and bordering/lining the anitary landfill would be effective

in retaining any pathogens from landfilled hospital solid waste that

may remain viable.

7.3 Conclusions !

The data on pathogen fate that are available from experiments j
and from case studies of municipal landfills and land treatment of i

municipal wastewater provide evidence that hospital solid waste con-

taining pathogens can be safely disposed in sanitary landfills. The

principal factors are:

"* Most if not all pathogens will not survive the high
temperatures that are generated in the landfill during
aerobic degradation of the waste.

"* It is probable that any surviving pathogens would be
retained by the waste and the soil layers that are within
the ldndfill--viruses by adsorption onto the waste compo-
nents and the soil particles, bacteria and higher parasites
by filtering.

" It is unlikely that pathogens would survive for prolonged
periods in landfill leachate.

"* It is unlikel) that pathogens in leachate would be trans-
ported through the liner, beyond the borders of the sani-
tary landfill, to the groundwater.
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Therefore, on the basis of the available information, it is concluded

that landfilling hospital solid waste containing pathogens in sani-

tary landfills is a safe procedure that poses no threat to human

health or the environment through contamination of groundwater.

A

I1

F ~ii

Ii "
ii



8.0 DATA GAPS, RESEARCH IN PROGRESS AND RECOMMENDATIONS FOR FURTHER
L RESEARCH

U. On the basis of the available evidence, it is concluded that

landfilling is a safe and suitable method for disposal of hospital

solid waste that contains pathogenic organisms. Data gaps--that are

not sufficient to undermine these conclusions--are identified in this

section as required by the scope of the project. Current research

relevant to landfill disposal of hospital solid waste containing

pathogens is summarized. Recommendations are made for research that

would advance the state-of-the-art. The willingnesE of federal

agencies to participate in joint research efforts in this field is

also reviewed.

8.1 Data Gaps

Although conlusions can be drawn about the safety of landfill

disposal of hospital solid wastes containing pathogenic microorgan-

isms, there are data gaps in the available information relevant to

this subject. The identified ao.a gaps pertain to many aspects of

the problem, including characterization of the pathogens associated

with hospital solid wastes, disease causation, landfill d)namic8 and

the effects on microorganisms, microbial interactions, s:apling

methods and selection of indicator organisms, disinfection tech-

niques, landfill site selection and operation, and groundwater moni-

toring.
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8.1.1 Characterization of the Pathogens Associated with Hospi-
tal Solid Wastes

2A
Because of the paucity of data about the pathogenic organisms AA

that are contained in hospital solid wastes, tentative conclusions

about the infectiousness of these wastes must be inferred from infor-

mation about hospitals and disease. In addition, it is not known if

hospital solid wastes are unique in types of associated pathogens and

degree of infectiousness. It is important that data be obtained

about types of pathogens in hospital solid waste and their numbers,

viability, and virulence. Sampling methods are discussel in Sections I

8.1.5 and 8.2.5.

8.1.2 Disease Causation

More information about causation of disease is needed in order

to assess the risk to human health that is posed by hospital solid

waste containing pathogenic microorganisms. The relation of pathogen

virulence and numbers to degree of infectiousness must be ascer-

tained. The effects of the solid waste and landfill environments on

pathogen virulence and ability to transmit/cause disease are not

known. Current research projects on health risks associated with

waste disposal (Section 8.2.1) may provide some of the missing

information.

8.1.3 Landfill Dynamics and the Effects on Microorganisms

tere is a lack of definitive information about the dynamic3 of

the landfill, the changes that occur (in temperature, pH, moisture

content, and aeration), and the effect of the changing conditions on
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microbial face over the short and long tenns. Current research proj-

ects in this area are discussed in Sections 8.2.2 and 8.2.3.

8.1.4 Microbial Interactions

Information is needed about microbial populations and their

interactions. Data gaps include information about the interactions

among microbial populations indigenous to soil and between indigenous

populations and populations of exogenous microorganisms introduced

by land disposal of wastes. It is important to know if the interac-

tion is antagonistic and whether such antagonism can be enlanced to

increase the rate of pathogen die-off. There is some ongoing

research on microbial interaction (see Section 8.2.3).

8.1.5 Sampling Methods and Selection of Indicator Organisms

Sampling methods and isolation procedures for the quantitative

determination of microorganisms from environmental sources have not

been perfected. Techniques are needed that are applicable to sam-

pling solid waste, leachate, and/or groundwater. One problem is

selection of representative microorganism(s) that will be reliable

indicator(s) of pathogenic contamination. The selected indicator

organism(s) must be present in the hospital solid waste in sufficient

numbers to be easily detected and must have a prolonged survival in

the landfill that at least equals that of most pathogens. Many cur-

rent research projects pertain to sampling methods and indicator

organisms (see Sections 8.2.5 and 8.2.6).
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1- 8.1.6 Disinfection Techniques J

Information about various disinfection techniques is important

because disinfection renders the infectious hospital wastes non-

hazardous and their disposal would therefore not be regulated under

Section 3004 of RCRA. Another approach would be to disinfect land-

fill leachate if it were found to be infectious. Various current

research projects are evaluating techniques for disinfecting waters;

the diainfection methods under study include chlorination, ozona-

tion, ultraviolet irradiation, and electrochemical treatment (see

Section 8.2.4).

8.1.7 Landfill Site Selection and Operation

Information about landfill dynamics and the effects on micro-

Iorganisms (Sections 8.1.3 and 8.2.3) can be applied in developing

criteria for site selection and in developing operation procedures in

order to maximize microbial die-off through a combination of natural

and induced conditions.

8.1.8 Groundwater Monitoring

Groundwater monitoring would verify that the pathogens in hospi-

tal solid waste are killed and/or contained within the confines of

the landfill. Appropriate sampling techniques are needed as well as

selection of indicator organisms (see Sections 8.1.5, 8.2.5, and

8.2.6). In addition, more information is needed about the infectious

dose, i.e., the minimum number of pathogenic microorganisms that must

be present in the water supply to transmit disease (see Section

8.1.2).
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8.2 Research in Progress--1975 to 1978

Recent research projects that are relevant to landfill disposal

of infectious hospital solid wastes were identified by computer

search of the Smithsonian Science Information Exchange (SSIE) (see

Appendix K). The SSIE search identified 32 such projects that were I

in progress between 1975 and November 1978. The projects pertain to i
health risks associated with waste disposal, land disposal of wastes,

microbial fate, the control of pathogenic organisms, techniques for I
sampling microorganisms in water, air, and soil, and selection of

indicator organisms.

In the fullowing brief dis.ussions of selected projects, the

numbers in parentheses refer to the projects as listed in Appendix K.

8.2.1 Health Risks Associated with Waste Disposal =

The handling and disposal of solid wastes and wastewater present

potential health hazards to workers as well as to the general popula-

tion living near the t.eatment plants and disposal sites. Epidemio-

logical studies of exposed populations and studies of the health

aspects of waste disposal are relevant to this study because of the

information they may provide about thp pathogens associated with dif-

ferent wastes and the assessment of the risk involved.

Only one research project, however, pertains to hospital solid

wastes. It is a study of the hygiene and welfare aspects of solid i
waste management at United States Army hospitals (K-4).

Several epidemiological studies are being conducted to determine

the health risks associated with wastewater and wastewater aerosols.
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The subjects include sewer maintenance workers (K-20), and operating

personnel and the general population in the vicinities of a waste-

water treatment plant (K-26), and the site of spray application of

wastewater to land at Army installations (K-6).

Other studies are concerned with the potential contamination (of

groundwater) and potential human health risk accompanying land dispo-

sal of municipal wastewater sludges. In these research projects,

bacteria (K-16) as well as viruses (K-28, K-29) are being studied.

The presence of microorganisms in the environment that is at-

tributable to the wastes is also being determined. The aqueous media

being examined include wastewater (K-2, K-7, K-19, K-20), surface

runoff from soils to which municipal wastewater sludge has been

applied (K-29), and water within 3 miles of a wastewater treatment

plant (K-26). Aerosols in sewers (K-20), in and near wastewater

treatment plants (K-19, K-26), and near the site of spray application

of wastewater to land (K-6, K-7) are being analyzed. The presence of

pathogens originating from a wastewater treatment facility is being

sought in the soil within a 3-mile radius of the site (K-26).

No studies were found in the available literature attributing

incidents of infectious disease to landfilling hospital wastes.

8.2.2 Land Disposal of Wastes

Many of the identified research projects pertain to various

aspects of the land disposal of wastes. These studies of different

factors that determine the effectiveness and safety of land disposal
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and evaluations of particular disposal techniques are applicable to

landfilling hospital solid wastes. (Studies that relate to microbial

fate are discussed in Section 8.2.3.)

Data obtained in a study of drainfields will be used to develop

criteria for the suitability of soils for waute disposal (K-31).

Determination and quantification of soil and climatic factors that

affect the performance of drainfielde will permit evaluation of

alternatives in the design and management of disposal systems. The

effects of soil texture and the level of soil moisture on the rate of

water movement are also being studied in this research project. In

another project on drainfields, the relation of soil type to bacter-

ial movement through the soils, which are intermittently saturated,

is under study (K-15).

Another study is evaluating the virus- and bacteria-removing

capabilities of a groundwater recharge system in order tr determine

its ability to return microbiologically acceptable waters to the

aquifer (K-17). Two studies pertain to land application of waste-

water. One is a microbial evaluation of wastewater application to

land by rapid infiltration and overland flow (K-7). The other proj-

ect is a study of the response of fecal coliforms to overland flow

conditions, the effects of storms on treatment efficiency, and mobil-

ity of microorganisms from the over]and flow system (K-5).

The infiltration of precipitation into land disposal sites can

lead ultimately to the generEtion oi leachate which could convey
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microorganisms beyond the confines of the landfill. One current

research project--a study of low-level radioactive hospital wastes

buried in trenches--is collecting information about and examining

techniques for controlling the infiltration of precipitation into

land disposal sites (K-24).

8.2.3 Microbial Fate

Many of the current research projects are examining the effects

of environmental and biological factors on the survival and mobility

of microorganisms in wastes. Microbial fate as determined by soil,

air, water, and climatic factors and microorganism populations is

being studied in these projects.

The soil factors under study include soil type, texture and

i structure, pH, temperature, moisture, organic loading, and cation

exchange capacity. Projects pertain to the effects of soil type

on adsorption of viruses (K-2, K-1O, K-14), inactivation of viruses

Ii (K-10, K-14), transport and migration of bacteria (K-16) and viruses

(K-28, K-29), and survival of bacteria (K-16) and viruses (K-9, K-17,

K-28, K-30). Other studies include:

a the effects of soil pH on viral adsorption (K-2), viral
(K-28) and microbial (K-7) migration, and pathogen survival
(K-3, K-7, K-28)

& the effect of soil temperature on survival of bacteria
(K-3, K-16)

I
0 the effects of soil moisture on viral adsorption (K-28),

pathogen mobility (K-7, K-15), and pathogen (K-7) and
bacterial (K-3, K-15, K-16) survival

* the effects of organic loading on pathogen mobility and
survival (K-7)
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a the effects of the type of cation present and the cation
exchange capacity of the soil on viral transport and survival
"(K-28).

Microbial viability in aerosols from wastewater is the subject

of two studies. One study is sampling airborne pathogenic viruses

and bacteria from wastewater effluent applied to soil by spray irri-

gation (K-7). In the other study, the ambient air downwind of a

wastewater treatment plant is being examined for the presence of

pathogenic microorganisms (K-19).

There are two on-going research projects that pertain to mi-

crobial fate as affected by water factors other than soil moisture.

One is a study of the effect of the ionic strength of wastewater ef-

fluent on adsorption of viruses by clay (K-2). The other is a study

of the mechanism of bacterial debilitation in natural waters and the

biochemical/biophysical causes of bacterial injury and stress (K-18).

The virucidal effect of indigenous soil bacteria on viruses

introduced into the soil with municipal wastewater and wastewater

sludge is being studied (K-30). Similarly, another study is exam-

ining the interactions of enteric viruses applied to the soil in

wastewater (K-9). The bactericidal and bacteriostatic effects on

Shigella of other microorganisms in polluted water are under study

in another research project (K-27).

8.2.4 Control of Pathogenic Organisms

Research on the control of pathogenic microorganisms deals

primarily with disinfection of water and wastewater. The findings of
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these studies would be relevant to disinfection of landfill leachate.

The disinfection techniques being studied include chlorination,

ozonation, ultraviolet irradiation, and electrochemical treatment. |i
(Research projects on treatment of wastewater by land application are

discussed in Section 8.2.2.)

The effectiveness of ultraviolet irradiation, ozonation, and

chlorination--individually and in combination--in treating runoff

from animal holding areas is being evaluated (K-1, K-32). The dy-

namics of ozone inactivation of enteric viruses are being studied

in order to establish guidelines for dosage and contact times during

ozonation of wastewater secondary treatment effluents (K-2, K-12). 4

The rates of chlorine inactivation of reovirus and MS-2 coliphage are

also under study (K-10). Another research project (K-8) is examining

the feasibility of using an electrochemical process to disinfect

wastewater and water in reuse water systems for Army hospitals and

laundries; waters contaminated with bacteria, viruses, and fungi are

being used in order to ascertain the reliability of the biocidal

effects of the process.

8.2.5 Techniques for Sampling Microorganisms

Techniques are being developed/improved for use in thr .,aipling,

detection, identification, and enumeration of viruses and bacteria in

the environment. Most of these research projects pertain to the iso-

lation of microorganisms from various water samples, but air-sampling

techniques and isolation from soils are also under study.
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Rapid methods of identifying and quantifying bacteria in water

are based on resonance Raman spectroscopy (K-13), on the release of

1 4C-carbon dioxide from labeled 14C-mannitol (K-23), and on pH

colorimetric changes (K-23). The Bactometer is being used in a

method that rapidly determines the growth of bacteria in treated wa-

ter (K-Il). Two other studies involve the recovery and enumeration

of Shigella in polluted water (K-27) and enumeration of fecal and non-'

fecal Eacherichia coli (K-18).

Methods that may be applicable to screening water and wastewater

for viruses are the fluorescent virus precipitin test (K-10, K-14), A

immunoenzymatic method (K-21), and the use of laser-excited fluores-

cence with a tunable acousto-optical filter (K-25).

Quantitative methods of sampling airborne pathogenic viruses and

bacteria in wastewater aerosols are being developed and evaluated

(K- 7) .

A method of recovering viruses from soil is being assessed

(K-29). Sonication is being evaluated as a method of determining

virus adsorption onto particulate matter (K-22). Another research

project is perfecting the use of antibiotic-resistant fecal bacteria

as biological tracers to indicate bacterial movement from applied

wastes through the soil (K-31).

8.2.6 Indicator Organisms

The selection of appropriate indicator organisms is essential

in order to obtain a valid indication of the presence of pathogenic
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microorganisms in various media. Indicator organisms can also pro-

vide information about the responses of pathogens to waste treatment

practices and waste disposal environments.

One study involves quantification of viruses and coliforms in

untreated surface waters in order to determine if the number of total

or fecal coliforms can be used to indicate quantitatively the pre-

sence of viruses (K-22).

Some studies are endeavoring to identify the bacterium that is

most suitable for use as the indicator of pathogenic bacteria in

soils. Among the organisms being tested for this purpose are fecal

coliforms (K-15, K-16), fecal enterococci (K-16), salmonellae (K-15,

K-16), and fecal streptococci (K-15).

The use of reovirus as a standard test virus in virological

investigations of virus inactivation and removal in water has been

proposed (K-1O, K-14).

8.3 Recommended Research

The available evidence is consistent in supporting the conclh-

sion that landfill disposal of hospital solid waste containing patho-

genic microorganisms is safe. Nevertheless, data gaps do exist and

research could advance the state-of-the-art and provide additional

supportive data. Uf first priority is the characterization of the

infectiousness of hospital solid waste. If it is ascertained that
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general hospital waste* is sufficiently infectious to constitute a

hazard to human health, additional research in two areas would be

important: landfill dynamics and the effects on microbial fate, and

microbial interactions. Research in another area, disinfection

techniques, should be given lower priority.

8.3.1 Characterization of the Infectiousness of Hospital Waste

T.he extent to whicn hospital waste actually is infectious is not

known and, therefore, research in this area should be given first

priority. For example, information concerning the types and quanti-

ties of pathogens in the waste and the viability and virulence of

these organisms must be available before the extent of the associated

hazard, if any, can be ascertained. This information is needed to

determine suitable waste disposal management practices and the areas

in which additional research may be req aired. Research areas that

could provide the missing data include:

"* identification and quantification of the pathogenic organisms
contained in hospital solid wastes at the time of waste col-
lection

"* identification and quantification of pathogens in the solid
wastes generated by each hospital department

"* determination of pathogen survival in the waste; therefore,
identification and quantification of pathogens in the waste
at the time of disposal

"* determination of the infectiousness of hospital solid wastes

*That is, excluding potentially infectious wastes from pathology, I
surgery, autopsy, and clinical laboratories, as well as all wastes
from infectious disease wards that are routinely incinerated in
pathological incinerators or sterilized by autoclaving prior to !
ultimate disposal.
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One approach to these research projects involves the direct sampling

and isolation of the microorganisms. Another approach utilizes epi-

demiological studies of handlers of hospital wastes; immunological

changes in the exposed population should be indicative of occupa-

tional exposure to pathogens.

8.3.2 Landfill Dynamics and the Effects on Microbial Fate

Research on the dynamics of the landfill, the changes that occur

with time, and their effects on the fate of the pathogens would pro-

vide information about the fate of pathogens within the landfill and

the soil under various specific conditions. Suggested research in

this area includes:

a elucidation of the mechanism of micrcbial adsorption by
soil particles, its extent, and the factors that affect it
(including determination of the adsorptive capacity of soils
in terms of soil type, loading, and time)

* elucidation of the patterns and factors that determine patho-

gen migration and transport through different types of soil

"* determination of the survival rates of pathogens in landfills
and soil

"• studies of the factors, natural as well as induced, that are

responsible for microbial inactivation or death in soil

"* development of a model for viruses and bacteria to predict
survival rates under different sets of conditions

"* determination of landfill operating conditions that would
maximize pathogen inactivation and death

In addition to studies using soil columns and lysimeters, it is

necessary to study soil core samples from in situ lans!fills in order
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to obtain information on pathogen viability in landfills under oper-

ating conditions. A

8.3.3 Microbial Interactions

Research on the interactions that occur between/among microbial

populationa would determine if the interactions of exogenous patho-

gens (i.e., those added to the soil with the landfilled hospital

solid waste) with the indigenous microbial populations are antagonis-

tic and, if so, how the antagonism can be enhanced to increase the I
rate of pathogen die-off. Specific study ares. include:

"* the interactions of exogenous pathogens with the indigenous
microbial populations

"* factors that effect microbial antagonism to the detriment of
the pathogenic microorganisms

"* methods of enhancing such microbial antagonism

8.3.4 Disinfection Techniques

One approach to the management of infectious solid waste is dis-

infection prior to disposal. Certain types of hospital wastes that

are highly infectious (i.e., wastes from pathology, surgery, autopsy,

clinical laboratories, and infectious disease wards) are now rou-

tinely disinfected by incineration ii pathological incinerators or by

autoclaving. Research could provide feasible alternatives to these

two disinfection methods that might be readily applicable to other,

less infectious solid wastes. The objectives of research in this

area should be:

9 evaluation of various treatment techniques applicable to
infectious hospital solid waste (e.g., autoclaving, X-ray
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irradiation, ultraviolet irradiation, electron treatment, gas
sterilization) I

9 development of anoefficient and economical method of destroy-
ing pathogens in solid waste

Alternatively, media that might be contaminated by the landfilled

infectious waste (i.e., landfill leachate) could be disinfected.

Research in this area should examine the various applicable disinfec-

tion techniques (e.g., chlorination, ozonation, ultraviolet irradia-

tion, electrochemical treatment), evaluate the effectiveness of each,

and develop methods of large-scale, low-cost application.

8.4 Opportunities for Joint Research with Other Federal Agencies

Opportunities for joint research with other federal agencies

regarding the disposal of potentially infectious hospital wastes were

investigated. Since formal proposals were not offered to the agen-

cies, their comments were necessarily noncommittal. The following

federal agencies were contacted by telephone: the National Naval

Medical Center, the Office of the Surgeon General of the Air Force,

and the Office of the Deputy Assistant Secretary for Energy, Environ-

ment and Safety in the Department of Defense; the National Institutes

of Health (NIH), the Public Health Service, and the Center for

Disease Control (CDC) in the Department of Heaith, Education, and

Welfare; and the Veterans Administration. The persons contacted are

listed in Table 3-3.

Two of the seven agencies contacted indicated a willingness to

discuss possible joint research projects. Mr. Harvey Rogers, Senior
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Sanitary Engineer at NIH, said that NIH would also consider joint 3

research possibilities. Mr. Edward Powell, Environmental Care Spe-

cialist at the Veterans Administration, indicated a willingness to

consider proposals for joint research, particularly because problems

in the separation of hospital wastes were creating a trend toward

incineration of all hospital wastes. Mr. George Mallison, Assistant

Director of the Bacterial Diseases Division of the CDC, claimed that

no additional research in the field of hospital waste disposal is

necessary because landfilling has been demonstrated to be a safe and

suitable disposal technique. Representatives of the other four agen-

cies contacted had no comment about possibilities for joint research

on the disposal of hospital wastes.

It was suggested that an appropriate joint activity for federal

agencies potentially affected by the EPA-proposed regulations would

be to sponsor panel discussions on the disposal of hospital wastes.

Both Mr. Mallison of CDC and Mr. Rogers of NIH expressed a willing-

ness to participate on such panels.

12
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9.0 CONCLUSIONS AND RECOMMENDATIONS

9.1 Conclusions

9.1.1 Suitability of Landfill Disposal of Infectious Hospital
Waste

The disposal of infectious hospital waste* in sanitary land-

fills appears to be a feasible and safe method of disposal. This

conclusion is based on available information in the literature per-

taining to experimental studies, in situ landfills, and land treat-

ment of municipal wastewater. It also takes into account the

opinions of experts in the fields of public health and microbiology.

Conditions within the properly constructed and maintained land-

fill make it unlikely that any pathogenic organisms ,,ould remain

viable and be transported beyond the confines of the landfill. In

addition, there is no evidence of adverse effects on human health or

the environment caused by lanifilled hospital wastes containing

pathogenic organisms. Nor has there been any reported contamination

of groundwater--or even of landfill leachate--that is attributable to

landfilled hospital waste. Furthermore, land treatment of municipal

wastewater is a demonstrated disinfeccion technique that affects

*In this discussion, the term "infectious hospital waste" refers to
hospital solid waste that may have become contaminated by exposure
to etiologic agents. It does not include the inherently infectious
waste that is routinely disinfected prior to ultimate disposal in
accordance with the standard operating procedure in U.S. Army and
civilian hospitals as stated in U.S. Army regulations (U.S. Army,
1974) and in the standards of the Joint Commission on Accreditation
of Hospitals (JCAH, 1979).
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pathogen removal by passage through soil; there is no evidence of

groundwater contamination caused by this procedure. The conclusion

that proper landfill disposal (i.e., disposal in a sanitary landfill)

of infectious hospital waste presents no risk to human health and the

environment is supported by the public positions of many experts in
I!

the government as well as the private sector (Appendix E).

If proper landfill practices are used--i.e., those that meet the

proposed performance standards for sanitary landfills--infectious

hospital wastes can be safely landfilled without constituting a

potential hazard to human health or the environment.

9.1.2 Proposed Definition of Infectious Waste

In response to RCRA, which included infectious waste in the

category of hazardous wastes, EPA has proposed to define hospital

infectious waste as all solid waste generated by ten. specified hospi-

tal departments (Federal Register, 1978). However, this definition

does not take into account standard hospital operating procedure

whereby inherently infectious and ,,ocentially hazardous waste is dis-

infected (i.e., rendered nonhazardous) prior to ultimate disposal.

Many of the comments in the Public Docket that are relevant to

infectious waste pertain to the proposed definition of infectious

waste (Appendix E). The essence of these comments is that the pro-

posed definition is too inclusive and that infectious hospital waste

is not hazardous.

Classification of infectious hospital waste as a "special waste"

is one alternative that is permitted under Section 3004 of RCRA.
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This alternative seems to be more appropriate based on the available

information. The requirement for disposal in accordance with the

guidelines for hazardous waste disposal appears to be unnecessary,

and classification of infectious hospital waste as a special waste

would make it subject to different regulations for disposal.

9.2 Recommendations

It is recommended that the U.S. Army Environmental Hygiene

Agency (AEHA) continue to recommend that EPA classify hospital waste

containing pathogens as a "special waste." Furthermore, it is recom-

mended that AEHA suggest that the "special waste" regulations for

disposal of infectious hospital waste consist of:

"* the requirement for disinfection by incineration or auto-

claving of pathology, surgery, and autopsy wastes and the
waste from isolation wards prior to ultimate disposal;

"* the requirement that landfilled hospital waste be disposed in

sanitary landfills, i.e., that landfilling be consistent with

the criteria promulgated under Section 4004 of RCRA.

Disposal of hospital solid waste by the U.S. Army will continue

unregulated by EPA until final regulations are promulgated and come

into effect. The following practices for disposal of hospital wastes

by the U.S. Army are recommended for implementation until such time

as EPA regulations may necessitate modification of these disposal

practices. The incineration of infectious waste in a pathological

incinerator as the preferred method of disposal, as specified in Army

Regulation 40-5-9, should be retained as standard operating proce-

dure. Incinerator residue and the remaining hospital solid waste
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should be disposed of in sanitary landfills that are operated in

accordance with the criteria for solid waste disposal facilities as

promulgated under Section 4004 of RCRA (Federal Register, 1979a).

It is recommended that research be undertaken to ascertain the

infectiousness of hospital solid waste in general, and of that

generated by the ten specified hospital sources in particular.

Information about the pathogens associated with hospital solid

wastes, pathogen viability in the waste, and their infectiousnet.., and

virulence is needed in order to establish (1) if hospital. solid waste

is infectious at the time of disposal; (2) if so, the nature and

degree of infectiousness; and (3) if such infectiousness constitutes

a hazard to human health and/or the environment.
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APPENDIX A

SUMMARY OF SUBTITLES A, C, AND D OF THE
RESOURCE CONSERVATION AND RECOVERY ACT OF 1976
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I. Solid Waste Management Guidelines

Subtitles A and D of RCRA contain guidelines for solid waste man-

agement. Section 1008 (Subtitle A) requires EPA to publish guidelines

to:

" provide technical and economic descriptions of the level of
performance that can be attained by various available solid
waste management practices which provide for the protection of
public health and the environment

" describe levels of performance, including appropriate methods
and degrees of control, that protect the public health and the
environment, the quality of ground and surface water from
leachates and from runoff, and ambient air quality, and that
provide disease and vector control, safety, and aesthetics

" provide minimum criteria to be used by the states to define
solid waste management practices which constitute the open
dumping of solid or hazardous waste

The major objective of Subtitle D is to provide federal tech- f
nical and financial assistance to state or regional authorities for

the development and implementation of environmentally sound methods

for solid waste disposal. The solid waste management plan is com-

prised of Sections 4002 through 4005.

Section 4002 requires the promulgation of guidelines designed to

assist state and local authorities in developing solid waste manage-

ment plans. Section 4003 describes the minimum requirements with

which state or local authorities must comply in order to have a solid

waste management plan approved by EPA. Section 4004 requires the

promulgation of standards containing criteria for determining whether

a solid waste disposal facility will be classified as a sanitary
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landfill or an open dump. Section 4005 requires EPA to publish an

inventory of all open dumps, and requires each state to develop a plan

to close or upgrade open dumps to comply with the Section 4004

criteria.

II. Hazardous Waste Management

Subtitle C of RCRA requires EPA to initiate a hazardous waste

regulatory program designed to establish a comprehensive system for

the safe disposal, treatment, storage, or reuse of hazardous waste.

The details are specified in Sections 3001 through 300,.

Section 3001 (Subtitle C) requires EPA to develop and promulgate

criteria for identifying the characteristics of hazardous waste and to

list particular hazardous wastes, taking into account toxicity,

persistence, degradability in nature, potential for accumulation in Ii

tissue, flammability, corrosiveness, and other hazardous

characteristics.

Section 3002 establishes standards for generators of hazardous

waste, including requirements for recordkeeping, labeling, dnd

containerization, the use of a manifest (or tracking) system, and

periodic reporting of hazardous waste generation. The manifest

document will be used to record and assure the movement of hazardous

wastes from the generation site to an authorized off-site treatment,

storage, or disposal facility. Information to be recorded in the

manifest includes the quantities, constituents, and disposition of the

hazardous waste.
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I

Section 3003 of the Act requires the promulgation of standards

for transporters of hazardous waste. These include requirements for

recordkeeping, labeling, compliance with the manifest system, and -

delivery of wastes only to designated facilities. I

Section 3004 requires the promulgation of performance standards

applicable to owners and operators of hazardous waste management

facilities, as may be necessary to protect human health and the

environment. This section also requires the promulgation of standards

for the location, design, construction, and maintenance of treatment,

storage, and disposal facilities. These standards also include

requirements for recordkeeping, reporting, monitoring, inspection,

compliance with the manifest system, contingency plans, personnel

training, and financial responsibility.

Section 3005 of the Act requires EPA to promulgate regulations

requiring the owners or operators of hazardous waste management

facilities to ob tain a permit. The facilities must be in compliance

with the requirements of Section 3004 before a permit will be granted.

Section 3006 authorizes EPA to promulgate guidelines to assist

states in the development of state hazardous waste programs. Each

state that seeks to administer its own hazardous waste program must

demonstrate that its program is equivalent to or stricter than the

federal program, consistent with the federal or state programs

applicable in other states, and provides adequate enforcement of

compliance. An authorized state program is administered in lieu of

the federal program.
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SUIORY OF EPA'S PROPOSED REGULATIONS
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CENTER FOR DISEASE CONTROL (CDC)
CLASSIFICATION OF ETIOLOGIC AGENTS
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APPENDIX C

THE CENTER FOR DISEASE CONTROL CLASSIFICATION OF ETIOLOGIC AGENTS
ON THE BASIS OF HAZARD

CLASS DEFINITION

I Agents of no or minimal hazard to human or animal health.

2 Agents of ordinary potential hazard. This clas3 includes

agents which may produce disease of varying degrees of
severity from accidental inoculation or injection or other
means of cutaneous penetration but which are contained by
ordinary laboratory techniques.

3 Agents involving special hazard or agents derived from
outside the United States which require a federal permit
for importation unless they are specified for higher clas-
sification. This class includes pathogens which require
special conditions for containment.

4 Agents that require the most stringent conditions for their
containment because they are extremely hazardous to labora-
tory personnel or may cause serious epidemic disease. This
class includes Class 3 agents from outside the United
States when they are used in entomological experiments or
when other entomological experiments are conducted in the

same laboratory area.

5 Foreign animal pathogens that are excluded from the United
States by law or whose entry is restricted by USDA admin-
istrative policy.
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APPENDIX C

CENTER FOR DISEASE CONTROL (CDC)
CLASSIFICATION OF ETIOLOGIC AGENTS

CLASSIFICATION OF BACTERIAL AGENTS

Class 2

Actinobacillus - all species except A. mallai which is in Class 3
Arizona hinshawii - all serotypes
Bacillus anthracis
Bordetella - all speci-s
Borrelia recurrentis, B. vincentii
Clostridium botulinum, C. chauvoei, C. haemolyticus, C. histolyticum,

C. novyi, C. septicum, C. tetani
Corynebacterium diphtheriae, C. equi, C. renale
Diplococcus pneumoniae
Erysipelothrix insidiosa
Escheri:hia coli - all enteropathogenic serotypes
Haemophilus ducreyi, H. influenzae
Herellae vaginicola
Klebsiella - all species and all serotypes

Listeria - all species
Mima polymorpha
Moraxella - all species
Mycobacterium - all species except those listed in Class 3
Mycoplasma - all species except M. mycoides and M. agalactiae, which

are in Class 5
Neisseria gonorrhoeae, N. meningitidis
Pasteurella - all species except those listed in Class 3
Salmonella - all species and all serotypes
Shigella - all species and all serotypes
Sphaerophorus necrophorus
Staphylococcus aureus
Streptobacillus moniliformis
Streptococcus pyogenes
Treponema carateum, T. pallidum, T. pertenue
Vibrio fetus, V. comma including biotype El Tor, V. parahaemolyticus
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Class 3

Actinobacillus mallei
Bartonella - all species
Brucells - all species
Francisella tularensis
Mycobacteriumo aviurn, hv. bovis, M. tuberculosis
Pasteurella multocidi ty-pe B ("'buffalo" and other foreign virulent

strains)
Pseudomonas pseudomal lei
Yersinia pestis

CLASSIFICATION OF FUNGAL AGENTS

Class 2

Actinotnycetes (including Nocardia species and Actinomyces species and
Arachnia propionica)

Blastornyces dermatitidis
Cryptococcus neoformans
Paracoccidioides brasil jensis

Class 3

Coccidioides immitis
Histoplasma capsulatum
Histoplasma capsulatum var. duboisii

CLASSIFICATION OF PARASITIC AGENTS

Class 2

Entamoela histolytica
Leishmania sp.

Naegleria grbr
Toxocara cnnis
Toxoplasma ,onii
Trichinella spiralis
Trypanosoma cruzi

Class 3

Schistosoma rnansoni
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CLASSIFICATION OF VIRAL, RICKETTSIAL, AND CHLAMYDIAL AGENTS

Class 2

Adenovirus - human - all types

Cache Valley virus
Coxsackie A and B viruses
Cytomegaloviruses
Encephalomyocarditis virus (EMC)
Flanders virus
Hart Park virus

Hepatitis-associated antigen material
Herpesvirus - except Herpesvirus simiae (Monkey B virus) which is in

Class 4
Coronavirus
Influenzavirus - all types except A/PR8/34 which is in Class I
Langat virus
Lymphogranuloma venereum
Measles virus
Mumps virus

Parainfluenza virus - all types except Parainfluenza virus 3, SF4
strain, which is in Class I

Poliovirus - all types, wild and attenuated
Poxvirus - all types except Alastrun, smallpox, monkeypox, and

whitepox which, depending on experiments, are in Class 3 or
Class 4

Rabies virus - all strains except Rabies street virus, which should
be classified in Class 3 when inoculated into carnivores

Reovirus - all types

Respiratory syncytial virus
Rhinovirus - all types

Rubella virus
Simian virus - all types except Herpesvirus simiae (Monkey B virus)

and Marbug virus, which are in Class 4.
Sindbis virus
Tensaw virus
Turlock virus
Vaccinia virus
Varicella virus
Vole rickettsia
Yellow fever virus, 17D vaccinL strain
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Class 3

AlastruLn, smallpox, motikey pox, and whitepox, when used in vitro 2
Arbovirus - all strains except those in Class 2 and 4 (Arboviruses

indigenous to the United States are in Class 3, except those listed
in Class 2. West Nile and Semliki Forest viruses may be classified
up or down, depending on the conditions or use and geographi;al

location of the laboratory). I
Dengue virus, when used for transmission or animal inoculation

experiements

Lymphocytic chorimeringitis virus (LCM)
Psittccosis-Ornithosis-Trachoma group of agents
Rabies street virus, when used in inoculations of carnivores (See

Class 2)
Rickettsia - all species except Vole rickettsia when used for

transmission or animal inoculation experiments
Vesicular stomatitis virus

Yellow fever virus - wild when used in vitro

Class 4

Alastrun, smallpox, monkeypox, and whitepox, when used for
transmission or animal inoculation experiements

Hemorrhagic fever agents, including Crimean hemorrhagic fever
(Congo), Junin and Machupo viruses, and others as yet undefined

Nerpesvirus simiae (Monky B virus)

Lassa virus
Marbug virus
Tick-borne encephalitis virus complex, including Russian

spring-summer encephalitis, Kyasanur forest diseases, Omsk
hemorrhagic fever and Central European encephalitis viruses

Venezuelan equine encephalitis virus, epidemic strains, when used for
transmission or animal inoculation experiments

Yellow fever virus - wild, when used for transmission or animal
inoculation experiements
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CLASS 5 AGENTS

A. Animal agents excluded from the United States by law. 'i

Virus of foot and mouth diease A

B. Animal agents excluded by USDA administrative policy.

African horse sickness virus
African swine fever virus
Besnoitia besnoiti
Borna disease virus
Bovine infectious petechial fever virus
Camel pox virus
Ephemeral fever virus
Fowl plague virus
Goat pox virus
Hog cholera virus•

Louping ill virus

Lumpy skin disease virus
Nairobi sheep disease virus
Newcastle disease virus (Asiatic strains)
Mycoplasma mycoides (contagious bovine pleuro-pneumonia)
iMycoplasma sgalacti~e (contagious agalactia of shcep)
Rickettsia ruminatium (heart water)
Rift Valley fever virus z
Sheep pox virus
Swine vesicular disease virus
Teschen disease virus
Theileria annulata
Theileria bovis
Theileria hirci
Theileria lawrencei
Theileria parva (East Coast fever)
Trypanosoma vivax (Nagana)
Vesicular exanthema virus
Wesselsbron diease virus
Zymonema farciminosum (pseudofarcy)
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APPENDIX D

SUTh.1ARY OF SELECTED PUBLIC DOCKET COMMENTS ON EPA'S
PROPOSED REGULATIONS FOR HOSPITAL SOLID WASTES
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APPENDIX E

PUBLIC DOCKET FOR THE HAZARDOUS WASTE GUIDELINES AND
REGULATIONS SECTION 3001: SELECTED PUBLIC COMMENT LETTERS

TO HAZARDOUS WASTE MANAGEnNT DIVISION, OFFICE OF SOLID
WASTE, U.S. ENVIRONMENTAL PROTECTION AGENCY, WASHINGTON, D.C.
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APPENDIX E-2

". DEPARTMENT OF HEALTF1 I DUCAT ION, AND WEL'ARE
PUBLIC HEAI.T,4 SERVICE

"CENTER fOR ISCASE CONTROL

ATLANTA. GLOAGIA 3033O
-TELEIPONIE |404) 63.33311

October 31. 1978

Dr. Ram Rakshpal, WH565
Room 2416-M
U.S. Environmental Protection Agency
401 M Street, S.W.
Washington, D.C. 20460 -

Dear Dr. Rakshpal:

It was a real pleasure to talk to you on the telephone the other day
concerning safe disposal of solid wastes from hospitals..- You asked me
to confirm my statements in writing concerning CDC's eva.uation of risks
of and preferable handling methods for various types of hospital wastes
that might be considered by some to be hazardous. T will not discuss
hospital disposal of such materials as radioisotopes or hazardous
chemicals; safety in such disposal is not an area in which we have
great expertise,' nor is it a problem unique to health-care facilities.

Probably the hospital solid wastes with the greatest potential hazard
are from microbiology laboratories; such wastes may contain enormous'
numbers of highly pathogenic microorganisms. These wastes can easily
be processed within the hospital so that remaining residue will be of
no risk to a community disposal system. The preferable method is stesa
sterilization- (autoclaving) of these wastes; or, if permissible (but
certainly more expensive and/or potentially harmful from the standpoint
of air pollution), they may be incinerated In the hospital.

Patients on isolation generate a minute amount of solid waste when
compared to the rest of the hospital. We believe that isolation wastes
that are to be discarded can be incinerated in the hospital or autoclaved;
when treated in either fashion, they cannot be a risk of disease to the
comunity.

Traditionally, all pathology wastes in a hospital are incinerated (but
sometimes they are ground to the sewer); in either event, they are not

a risk in the community solld-waste disposal system. Waste human blood
is best handled by pouring down the drain, also removing any community
health risk.

Non-contagious wastes that nre capable of producing Injury, such as needles
and scapel blades, should be placed into rigid containers at the location
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Page 2 - Dr. Ram Rakshpal

vhere these wastes are generated. These rigid containers can then be
handled safely within the hospital to the "dumpster"; from this point on
they will create no health hazard if disposed in an approved sanitary
land fill or incinerator.

I have seen no documentation of health risks in disposal of blood-,
fecal-, or urine-contaminated objects generated in a health-care
facility (or, in fact from other facilities, such as veterinary
hospitals, doctor's offices, nursing homes; or from residencies). In
fact, in most instances, material of this nature generally will be
packaged in impervious plastic when disposed of from a hospital, whereas
the larger amounts disposed from other community sources often will not
be so wrapped.

In my view, it is totally inconsistent to develop recommendations for
handling of "hazardous" and/or "infectious" wastes from health-care
facilities on the basis that a hospital dumpster May have more potentially
contaminated materials than a dumpster from, say, a small factory. Even
if this were true, these materials may be packaged far better in the
hospital waste (see above) than they will be from the myriad of other
comruunity sources. -Further, it basically makes no difference (with
respect to risk of disease) to individuals operating an approved
municipal sanitary land fill or incinerator how much of what kind of
waste comes in what truck or dumpster from what source, because all of
it should promptly be either buried or burned without personal contact
at the disposal site.

As I am sure you know, there are no documented risks of transporting
hospital solid waste material through the streets to a disposal site
when transportation is done in closed and leakproof vehicle,3.

I believe that there is no need whatsoever for any regulations for
special methods of disposal of hospital solid wastes other than to
assure that recommended in-hospital processing (e..&., autoclaving or
incinerating of laboratory microbiological wastes; incinerating pathology
wastes; pouring blood waste to the drain; and appropriate packaging of
sharp materials and urine-, fecal-, and blood-contaminated objects within
the hospital) is carried put. If, however, hospital solid wastes were
to be disposed in an open dump, these hospital wastes should he protected
from scavenging, which would obviously l,e a health risk; water pollution
mig;ht also arise from an open dump.
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t - Dr. Ram Ra •hpa,

SIwouli appreciate your comments on these recorm'endations. Our hopes
at CDC Are that EPA will not promulgate any unrealistic regulations
that would increase the already enormous costs of institutional patient
care in the United States.

"":.:" Sincerely yours,.1

Ceorge F. Mallison
Assistant Director
Bacterial Diseases Division
Bureau of Epidemiology
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APPENDIX E-3

- ,LPAi1, X'li'.1 T OF HEMi i. 11, .icAroiL),I ANL. vUr L r-, wr.
• rflin IC PIE At. I'll sk' RYICI[

"CV.MP11 R rot. L111.J0 sI. LOl, ItO,.

AILArN1Ac rfOnGIA 30333

TFIEPIONE: (404) 633-.311

November 6, 1978

flxaardous Waste Management Division
OffLce of Solid Waste (04l-565)
U.S. Environmental Protection Agency
Washington, D.C. 20460

Centlemen:

I recently received for comment a Draft document titled "Criteria,
identification. and Listing of Hazardous Waste", 33 pp plus 14.
appendices, dated September 13, 1978. The purpose of this letter
is to make a tew comments on the contents of this Draft relating
parlic•ularly to "infectious" solid wastes, but also on solid wastes
that might cause injuries, from health-care facilities.

First of all, let me point out the errors in the document. On Page 21
of the text, there are almost never any hazardous (because of contami-
nation with microbial pathogens) wastes from your categories (2) (1)
(A)(I): i., ii., iii., ix., and x. As discussed in my letter to
1r. lak.shpal of your staoff on October 31 (copy enclosed), those small
portions of the waste from the.•c particular hospital departments that
might be hazardous can be handled in a satisfactory fashion (by
pac-kaging in impervious bags and/or rigid containers) to make them
non-ha;:ardous for transportation within the hospital (or they may be
rt"moved from the solid waste .;trcam by incineration or by flushing
down the sewer drain); the rest of the material will be no different
than the remaining solid-waste %,grerated in the hospital (in fact, no
different with respect to the possibility of palthogenic mTicrobial
contamination than residential. solid waste). To autoclave such wastes 4

would be expensive as well as totally unnecessary.

Vhere arc serious, frani: errors in Appendix VIII., page 16 of the
;,ipnudiCes to your document, dated 7 September 1978 on my copy.
"irs•t of all, there is absolut .lv no need to steam autoclave any

!;oiled linens (]) froim n hospli I-al; in f act, s ream autoclaving soiled
I in•,n will, often ruin it so th;t Lit must be thrown away; soiled linen

'5i,,,,d le l aundered,. not a,,toe 1,ed . There is no reason to autoclave
-. ,o,.1 i ''Trash' (2') fr'om a hoap! itoa].; only some materials from isolated

pal i cuts (see enclosed 1)111:U' l ibl i cation (CDC) 76-8314) should be
•;tcri lizod -- eith,.I-" by inc incrotion olr by steiin ant oclaving. Only
,Ciiroblally conitoniin;ated rcusc;ilt>e laboratory pi assware (3) need be
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at'~.~vc, ht thei t ime and cithur aspects of the rorommendat-ion
--kvvi o're, [orrcert. If there are any contaminated liquids that must
"be di~sposc-d (4), the~y should be poured dlown the nearest drain and

(i~~imcito the sewer system; butt, 11othwilthstanding,, the recommnendation
for atitoclaving (which pro-vIdes for safe disposal 1jý!r se, but is
exjp!i-slve 311d ttinecessary) for otie hour for each gallon Is inherently
ivitorrect. The reccimnendot ion on animal.4;terilization (5) is wrong
lit-cause the size of the dead animal might make the time anywhere
from too short to far Ltoo long; if potentially infectious dead animals
from a research laboratory are to be disposed of from a hospital or
;.ny other source, it is bcest tl~iat they be incinerated in a pathology
incinerator, but they might be autoclaved for an hour or two prior to
iiicintiral ion to miake tho siirface Ivcss contamninaited when moving the
aniniial 1bodv (aftor, preferzbly, sealing it in 2 imiperviouts plastic

to tho paithtlegy incinerator. Aiiimal bedding (6) could be
deconitaminated in a fraction of 8 hours in a standard steam sterilizer,
diepending on the depth and dngrve of packing of the material. Most
glaritig of all, Appendix VIII omits the most hazardous infectious
waste from hospitals in terins of weight and amount of contamination,
thint from microbiology laboratories.

in y vew.parts of yoir triteria, etc." document set up a situation
il X.hirh a series of dlefinitions are made for solid waste that mighitb

"ha.7ardous"; tMen, after settinA up the definitions, there is the
ii,;:'Iicat.itin (or. ill this~ case. more probably the directive) that these
va-zUvs thus definod ns lut;-iirdotis mitsL be in some fasfiion handled differcntly
ii, tr ;attportation anid/or disp-a1 whet her or riot rendered tincontaminated
ii the luso::pit~l aod/onl- for Iiuvtl :sarf for t-oiin r jonn1 Irainspor tat ton and

coflvent1Lon-al approved d ispo!3 1.

In nrtiml fact. as, Indicated in my letter to Dr. Rokshpal, It is entirely
p.~sbethat essentially al11 "11a7.ardous infecti 'ous" (because it may be

conta,-ina~ted %w-ith pathogenic Pricroorganisms) waste from a hospital can',.
be processed within the linspita1 to be made non-hazardous. If this is
donie, the processed waste mater [l. that then enters the solid-waste
Lraii!;portation and dispiosal. .rystcm Of the community would create no
Titi: u.1,ats;ecvcr vAien di:;4posed of in an aplproved sanitary landfill or
iiin'Anr-itr (seve nclosure): a bazardouis waste disposal facility is
niot nectessitry for iivspitai solidI wastes imless they are chemically toxic
or radioactive,.

5t' with p vi tp ( ?) on piag-e 21 of your document , vertain
It pifl !-'1 . j IN'IC ~.v i'.I le aprol-riitely 1liste'd in whaLever

'Iror tri ri*!I.~a'tl''.b o;~ne insteril i7ed , used,
p ~*'iiI st ~.. ~ ~I~t II~Ii. ag~ von h ci p bogen s have lieen

in ~b~ tr 1 ' a ~ , ..lab toidd be a ri sk to litiman 1toa 1.tl if they are
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imvt d~isposed of prop~erly. felocuse this is the case, EPA should
sta:te that such wastes may be disposed ofT through, regular systems
tosig conventional sc'lld-w~iste vehicles and approved landfills or
hiutinerators If Such Wai~sL liaive been sterilized prior to~ enteringd
the conitnunity solid-waste disposal system. Since this is a~ reasonable
as well as relatively inexpuns.Eve requirelment (and is now almiost
exclusively carried out, using stecam. sterilizers), there sho-ild be
no problem of compliance 'and no need for any special methods or
locations for disposal.

Hkn.,over, to su~ggest thait small rjiinn1ttiies of other types of hospital
twaste that mtin!t be. con Lo ill ni,: ed with pntihogens be categorized as
"hai:rdois'i'" Is, in genoral , pmoitaily uinrealistic and titnecessary. It
is additionally inconsistent with the way other sources of the same
potentially "haizardous" waste (..,disposable diapers, cut flowers,
use.d syrin 'ges and needles, wouind bandages, used facial tissue, razor
bl.1-!Cs,1 used drainage bags, and cven disposable kidney dialyzers)
:'lif -t be dlisposed of in 't'lc co!rwi~iunity. As I discussed in my letter
to Dr. Rakshpal. the po'ssibility that a particular hospital dumpster
load ri.1y have more potentially contaminated materials than in an
indtistrial durlpster or a refusc truck from a residential area does
not per se create any health ri~sk during transportation or at or after
dispoasal in an approved landfill or incinerator.

MI.''Ir V-L' believe vott shou~ld havie in your document is a truly realistic
list of potentially hzaz~rciots infectious waste from health-care
instittuLions. But after you. de(finle something as "hazardous", requiring
special methods of disposail because it is from a hospital when such a
rc-quireilent is not. made for, say, residences, is inconsistent and makes
no nL-nsc ithaitsoever f ron LhI? standpoint of either transportation or
disposal. using conventional current tochnlology. So then you should
giv..- rvalistic miethods that are recommended for in-hospital decontamd-
nai ion of niicrobial~ty contaminated wastes suchi is from ba-cteriology
andi patholo!:y and patient isolatiton. Additionilly, you should specify
LhQ1 maiteriils capihlle of producing physical injuiry (such as hypodermic

sy.ngvcs) shotild be placed ill rig,-,id containers for handling in and
di'jo!;.l from the h~o5Iitnl. I( youi do this, then hospital solid wastes

vilt be co:mp1ctely safe for movement through the same solid-waste
tr.,iii;portatic'n and disposal.(g, leakproof trucks and dTumpsters, and

* '';'rl y operated snnitoitr.%. landfills or inicinerntors) systems that
:i ':tld lic iur;cd for ot~her como11i~UI Ay sol id waistes.
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You should be aw.'are that our recommendations above are already beingfollowed by moWt U.S. health-care facilities, cxcept that solid wastesfrom an unkno,,n hut pe11:10C aubsLantial number of such facilities aregoing to "dumps" that are(-ot really operated as sanitary landfills.

Sincerely yours,

I,i
George F. Mallison
Assistant Director
I:'ctcrlal D)iseasLos Division
Pulircau o[ Epidermiology

Enclosures (3)

cc:
Dr. Ran Rakshpiia
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.1 DEPARTMENT OF HEALTH, EDUCATION, AND %%ELFAFRE
PUBLIC HEALTH SERVICE

CENTER FOR DISEASF CONTROL_

ATLANTA, GEORCIA 30333

TELEPHONE. (4r4)xx'-.Iv.x 329-3120

January 2, 1979

-.7 r3
Mr. John P. Lehman F
Director, Hazardous Waste Mianagement Division
Off Ice of Solid Waste (WTH-565)9
U.S. Environmental Protection Agency
Washington, D.C. 20460

Dear Mr. Lehman:

The purpose of this letter is to make some comments from the Center for
Disease Control (CDC) on your "HAZARDJOUS WASTE--Proposed Guidelines and
Regulations and Proposal on Ident *cation and Listing," Federal E~e te

43:58946-59028, December 18, 1978.

Let me say first that the great majority of your recommendat ions areI
entirely reasonable and sorely needed. But, in our view, thjere is a lot
of overkill in your proposed guidelines relating to health-care facilities.

1 have sent two previous letters ro EPA with comments on the sane general

The purpose of this letter is to sturmarize and reiterate our previous

comments with particular reference to the overall format anid contents of
your December 18 issuance.

First of all, with few exceptions I cannot imagine any significant risk
to human health at or from a properly designed and operated conventional
(by present standards) commiunity sanitary landfill or municipal incinerator
of any waste from a health-care facility taken, untreated and not imperviously
bagged, to such disposal sites; the only exceptions (in addition to the
obvious ones of radioactive materials and toxic or otherwise hazardous

chemicals) are some types of microbiological and isolation wastes andI
dead animals from "hot" research facilities. Nor can I Imagine any
significant risk of infection associated with transport of hospital
solid wastes to a disposal site, assuming that the duripsterz or trucks

used do not leak.

Nonetheless, common sonse irikes ccrtaiin reasonaible and feas;ible rc'c'or-I
mujncdati~ns entirely appropriat e, to make sure tha.t potential infection
probleims do not occur assoc:ýjted wit~h hospital solid uaStes, ev'en Linder

Mu~*phy' s Law" ci rcurnistances.15
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Hospital solid wastes from microbiology laboratories must be incinerated

or autoclaved in a hospital (or in a free-standing clinical lab); this

has been our reconmendation for years, and probably only a tiny number A-
of microbiology labs do not follow this recommendation. The great

majority of pathology wastes are incinerated in hospitals, even though
the risk of transmission of disease from most such waste is essentially

non-existent; handling of pathology wastes by undertakers and/or

crematoriums, or grinding of them to the sanitary sewer also would be

perfectly safe, but neither of the latter methods are widely used. We
recommend disposal of waste human blood by simply pouring it down the

nearest drain in the health-care facility, and most hospitals either do
this or incinerate the blood. Small volumes of blood in disposable

tubes or on slides can be double-plastic bagged and, with complete safety,

thrown in with the rest of hospital solid .-astes for conventional disposal.

The CDC has recommend-d for years that all solid wastes from patients in

isolation categories of "strict" or "wound and skin" (see enclosure) be

incinerated; this practice (or steam autoclaving) is essentially universally

followed by U.S. hospitals today.

By far the greatest risk of hospital solid wastes is not outside the
institution, but rather to hospital employees, who may hurt themselves

lifting waste containers, injure themselves by needle or glass punctures

or cuts, or infect themselves from contaminated objects not appropriately
packaged. These disease problems, although serious in hospital operation,
do not necessarily have anything to do with handling solid wastes once
they leave the hospital. In the hospital, sharp wastes--broken glass,
scapel blades, hypodermic needles, etc.--should immediately after generation
be carefully placed at the source into rigid containers so that they will

not injure anyone. (I personally see no health reason to break or destroy

hypodermic syringes or needles, or to sterilize them prior to disposal--these
procedures may have intrinsic health ri-1-s, and/or they are expensive.)

Rigid containers of "sharps" should be -cllected from time-to-time and

thrown into the dumpster; after they leave the hospital, disposal in any
properly designed and operated sanitary landfill or municipal incinerator
should pose no problem whatsoever of either disease or injury.

As I indicated in my letter of November 6 (copy enclosed) and in statements

above, the great majority of hospital solid wastes from hospital departments

listed on page 58958 of your document, paragraph 250.15 (b)(I)(1)(A), are
not a risk in an. existing approved cormnunity solid-waste transportation or

disposal system. This paragraph should be deleted. Ii, its place should be
only a list of those solid wastes from health care facilitics that should

be either sterilized, ground or drained to the -ewer, properly packaged

prior to conventional disposal, or incinerated.

186



IF.

Page 3 - Mr. John P. Lehman

Some of the reconmendations in your Appendix VII, page 58964, are not

generally correct or advisable. Nonetheless, this appendix should be
retained, but it needs revisions. Only (1) certain isolation solid

wastes (see above) need be steam autoclaved (or incinerated--incineration
In a pathology incinerator is a common way this material is handled in

hospitals today because this method is cheap, and there is only a very
small quantity of potentially !nf, cciius isolation trash that is generated
by a hospital). The recommendations in (2) are excessive for treatment
of reusable glassware from "hot" labs; actually, a washer sterilizer

would be better, and an hour is more than enough time. Liquids (3)
should be simply poured carefully down the nearest drain to the sanitary
se,,er. As I indicated in my letter of November 6, the recom;nendations (4)
for autoclaving of infected animals may be either excessive or insufficient
depending on the size of the animal; animals can be autoclaved for an
hour or two and then transported to a pathological incinerator, or they

may be ground to the sewer, but gas sterilization would be totally
inappropriate; I would think only an-.hals from certain Class 4 or Class 5
"hot" labs would really be potentially hazardous. The recotnmendations (5)

for steam steriiization of animal bedding are probably excessive for most
types of bedding, gas sterilization would probably be inadequate, and
grinding to the sewer or incineration should be encouraged. I would guess
that less than one percent of health-care facilities dispose of dead animals
that might be contaminated with pathogens that have any practical possibility
of infecting humans. Appendix VII should, in addition to sterilization by
specified methods, or incineration, indicate whenever disposal into the
sanitary sewerage system is satisfactory.

CDC believes that you should go even further than the USAEHA (Infectious

Waste - your page 58992) recommendations. We believe that after sterilizing
(or incinerating) disposable microbiology and hematology and certain isolation
solid wastes, pouring waste blood to the sewer, incinerating (or grinding

to the sewer) pathology wastes, packaging sharp items at the sokirce, and

handling certain infected research animals wastes properly, hospital solid
wastes can go with complete safety to any present conventionally designed

and properly operated community sanitary landfill or incinerator. It is
our view that the total potentially infectious solid waste for the community

(other than from health-care facilities), including animal and human feces,
disposable tissues, dead animals, razor blades, wound dressings, ostomy bags,

blood on pads or bandages, uncooked poultry or pork, disposable diapers,

and used kidney dialyzer membranes, as well as medical and dental and

veterinary clinic wastes, far exceeds the amount of potentially infectious

solid wastes from hospitals.
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"!':Lerials tl,',t slipport or amplify en points in th'is letter are
enc.loscd. V.e ,!elcome disqussion with you and/or your staff on
:ny of our conm'nents.

Sincerely yours,

George F. Hallison
Assistant Director
Bacterial Diseases Division
Bureau of Epidemiology

Enclosurcs (,'-;

Il". Ram Rakslh.nMl K'm. 2FT- - , EPA
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F" APPENDIX E-5

STATEMENT

ON

THE DEFINITION OF INFECTIOUS HOSPITAL WASTE

AS PROPOSED FOR HAZARDOUS WASTE:

GUIDELINES AND REGULATIONS

A

(Section 3001, Part 250-14, b, 1, 1, A)
Federal Register 43 (243):58958, Dec. 18, 1978.

A

By

John D. Slade, M.D.

New Jersey State Department of Health
P.O. Box 1540, Trenton, NJ

EPA Hearing Department of Commerce

February 20, 1979 Washington, D.C.

A
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4GAPlIST-EOICAL CENTER OF OKLAHOMA, INC. " .3300 NORTHWEST EXPRESSWAY 0 OKLAHOMA CITY, OKLAHOMA 73112

February 28, 1979

J , AR 0 5 1979 -
Mr. John P. Lehman
Director A-,
Hazardous Waste Management Division L

Office of Solid Waste (WH-565)
U.S. Environmental Protection Agency
Washington, DC 20460 1

Re: Public Law 94-580
Section 3001 (b)

Dear Mr. Lehman:

The Infection Subcommittee of Baptist Medic-l Center of Oklahoma
has been most concerned about the Environr.-Lental Protection Agency, A:

Public Law 94-580, Section 3001 (b), regarding the Identification and I
Listing of Hazardous Waste. We are well aware of the sources which
potentially generate hazardous, infectiuus, or potentially infectious
problems secondary to contamination of waste material by micro- A

organisms or helminths as defined by CDC.

We have set up in this hospital what we felt to be acceptable policies
for recognition of and disposal of hazardous waste by each department.
These policies have been accepted by the Joint Commission on
Accreditation of Hospitals and the Oklahoma State Health Department, i
Health Facilities Service Licensure & Certifi ation Division.

We take exception to the following statement from Section 3001 (b):

"The following sources generate hazardous waste unless the waste
from these sources does not contain microorganisms or helminths".
To render material nonhazardous by this definition would require
virtually sterilization of all material corning from a patient's room.

The Infection Subcommittee feels that the classification of nonhazardous
materials as being free of microorganisms is an unrealistic goal. The

.AREA CODE (405) 949-01r1
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J. P. Lehman 2-28-79
Hazardous Waste Management Division
Office of Solid Waste
U.S. Environmental Protection Agency

Subcommittee feels that the identification of infected patients and the
proper disposal of waste generated by these patients is a positive approach
to the problem.

Very truly yours,

Merle D. Carter, M.D.
Chairman
Infection Subcommittee

Sw

cc: Infection Subcommittee

Mr. Alan Corson
Hazardous Waste Management Division
U. S. Environmental Protection Agency
Washington, D.C. Z0460
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BOARD

Williem M. Wilson, Chairman
William C. Moore, Jr., D.M.D., Vice-Chairman@. • ,1\ I. DeQuincty Newman. Secretary
Leonard W Duuglas, M.D.
George G. Graham, D.D.S.

J. Lorin Masun, Jr.. M.D.
C. Maurice Patterson

SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL CONTROL
Albert G. R,•ndall, M.D., M.P.H. Sis Aycock Buildings

Commissioner March 7, 1979 2600 Bull S,,..,. Colubi,..SC 29201

Mr. John P. Lehman, Director
Hazardous Waste Management Division
Office of Solid Waste (WH-565) ""
U. S. Enviroiunental Protection Agency
Washington, D.C. 20460 Re: Section 3001

Dear Sir:

My comments are directed towards the proposed amendments to Title 40 CFR part
250 as published in the Federal Register, Volumne 43, Number 243, Monday,
December 18, 1978. My specific comments relate to Section 250.14 Hazardous Waste

List, (b) Hazardous waste sources and processes, (i) Health care facilities. The

inclusion ot h•ealth care facilitoLes, including both hospital and veterinary hospitals,

as generators of hizardous waste because some of the organisms dealt with In these

institutions would fall In Class 2 of CDC's list of etiological agents I-s un-
warranted and unnecessarily restrictive and furthermore will add unnecessarily to

the cost of not only health care but veterinary medical care for animals. Class
5 Agents would not be dealt with in either type of institution in all probability.

In the background statement provided by the Environmental Protection Agency

and dated December 15, 1978, the second sentence of the third paragraph of the

introduction says, "Instead of specifying a certain number of infectious agents
allowed to be present in a waste, the Agency has chosen to define infectious waste
by specifying the source where disease microorganisms may occur. After consultation
with experts in the public health field and consideration of current State regulatory
programs, the Agency has reached the conclusion that such source identification of

the infectLious waste is the most inclusive and enforceable method Lf regulation."

I believe that this sets the stage for the broad and inclusive nature of the pro-

posed regulations both at the State and Federal level. Unfortunately, the breadth

of this type of introductory statement leads to such all inclusiveness in the

proposed regulations that there is a significant risk of increasing cost for medical
care in facilities so regulated. Furthermore, Class 2 Agents (CDC Hazardous Agent

Classification Systems) include many agents that are nearly ubiquitous in today's

society, for example, organisms included in the, genus Salmonella and in tne genus
Neisseria and many others that, while perfectly capable of causing Infections in
human beings, are so common In our everyday population that they are being
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introduced into normal sewage disposal systems in extensive nur';bers on a daily basis.

The State regulations which are quoted in the background statement and ale hold
up as being examples of need for control in some instances are quite specific and
therefore would be quite acceptable, for example, the California regulations. Even
so, I believe some of the California regulaLions as lIsted may be hore extensive
than would be necessary under ordinary circumstances. Additionally, other state re-
gulations tend to be specific, for example, from the Minnesota Pollution and Control
Agency, Division of Solid Waste, hazardous infectious waste includes but is not
limited to material from a person or animal that may have been exposed to a contagious
or infectious disease and lists various subjects. The simple fact that this identifie
and separates those animals and persons exposed or infected with an infectious disease
from routine surgery patients is, I believe, significant. Inclusion as does the
Province of Ontario of waste from abattoirs as hazardous materials seems to me to be
blatantly absurd. There is no question that waste from abattoirs should be disposed
of properly but to imply that all animals slaughtered for human consumption are a
priori infected with dangerous diseases and should be considered as potentially
infectious would be ultimately to deprive, on a practical basis, huzan beings of
animal protein as a source of nutrition. Coincidentally, it would seem then that the
provisions might logically be extended not oaly to veterinary surgical theatres but
to butcher shops since obviously there is little difference in the potential harm
created by organs removed at surgery, for example, in a simple uncomplicated evario-
hysterectomy (spay) and those tissues removed in an abattoir and sold in a meat market

In the definitions, animal waste includes bedding and Inedible by-products of
animal processing for food and fiber production. ,Jhile there Is no question but What
bedding and tissues frum animals used in infectious disease studies might well be
hazardous and should be rendered fion-ha'zardous before disposal, the broad 1r1lc]sion
in the definitions would be unnecessarily expensive and restrictive and would serve
no identifiable public health purpose. My comment regarding abattoirs and spaying
in vet,-Prinary hospitals would apply to the current definition as proposed for surgical
and autopsy waste to some degree.

The rationale statement for regulation of health care facilities waste specific-
ally indicates that from 2 to 8% ho!pfItal waste consists of potentia1,y Infectious
material. To extrapolate from 2 to 8% and require virtually all hospital waste to
be rendered non-infectious will, in my opinion, materially add to the cost of hospital
care and can not be justified on public health grounds. It appears from page 27 of
the background statement that patient care areas will include waLd areas, doctor's
offices, out-patlent clinics and treatment rooms. Certainly if this logic is extonded.
ultimately it will include not only doctors' offices in hospital settings but doctors'
offices in free standing and separate facilities, again generating an excessive In-
crease in medical care cost.

On the subject of veterinary hospitals, the list of diseases included is again
broad and tends to encompass the zoonoses In general. I'm not icrsonally awa.;are and
would doubt that anybody could document that the majority of the spceciflc disea.;es
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inentioued have spread to human beings as the result of discharge of waste materials
fre':, vewet inary lhcispitals. In facr, the litilug of such infectious agents as Q
Fcý jr, Aznthrax, Tuleiculosis, Brucellosis ind Tularemia as exaiuples of diseases that
night be bpread from veterinary hospitals to an unsuspecting public strongly suggests
a lack of understanding of the weans of transmission of these diseases, of the zoonose:
In general, or of the operation of veterinary hospftal facilities.

In summary, I am restiicting my remarks basically to the solid waste generated
by health care facilities Including hospitals and animal hospitals. I'm concerned
over several mrajor issues.

1. That an all inclusive approach is being utilized since the authors of the
proposed Federal regulations appear not to have clearly understood the
Issues at hand and the true souices of potential hazard in such health j

care facilities. Obviously, truly hazardous materials should be properly S

and safely disposed of and means generally are in place for effecting
such safe disposal. To indicate broadly that infectious material can not
be adequately separated from non-Infectious material for safe processing

prior to disposal does not seem to be well documented, in my opinion.

2. Because of the language used in the background statement and in the pro-
posals it appears to me that there is a real possibility of extension of
these proposed regulatfon's beyond hospitals and veterinary hospitals and
might well ultimately include physiclins' and dentists' offices and clinics
Agan, where truly hazardous materials are being handled, proper disposal
should be assured, but not by requiring the waste paper basket contents
of the receptionist's office be autoclaved at 1210 centigrade for one hour
(which if four times longer than is routinely used for the sterlization
of surgical packs).

3. The times and temperatures proposed for autoclaving as a means of render-
ing material non-infectious appear to me to be excessive and should be
studied further. While there can be no question that certain infectious
agents packed in an autoclave in certain materials, i.e. "a bucket of
rodent animal bodies stuffed in the autoclave" might well not be rendered
non-infectious by autoclaving for eight hours, it is equally apparent that
a single or limited number of properly packed animal carcasses could well
be rendered non-infectious in uvder 1 hour in the autoclave. Similar
conmients could be made regarding the other time-temperature relationships
proposed for other types of potentially hazardous material.

I believe that hazardous waste list should be redefined to be more specific and
to identify as hazardous only those items which can truely be considered a threat to
the health of the public. Futhernore, I believe the biological life of infectious
agents should be considered since they are obviously different than those of chemical 4
waste. I believe that the proposed list of hazardous wastes, as it relates to in- ii
fectious diseases should not be published in final form until additional specific

A
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March 8, 1979 t I J I

John P. Lehman, Director C. . L.."' r KF C

Hazardous Waste Management Div. t,,, LI MAN

Office of Solid Waste ., .,
U.S. Environment Protection Agency
Washington, D.C. 20460

Dear Sir:
I am writing in response to the proposed regulations for

the disposal of hazardous waste which is under consideration at
this time.

As the Director of Nursing and Infection Control Nurse
in a small rural hospital, I would like to express my concern
over these proposals, and what compliance would mean for us.

What is classified as "hazardous" waste? Surely not all
trash, as the report I have seems to indicate.

The report I have mentions pathological incineration
but seems to emphasize sterilization. The use of our steam auto-
clave is certainly out as transporting such waste through our
central sterile department would certainly negate the hpnrtfit of
rendering our waste "nor-hazardous". Nor could we justify the ccst
of a second sterilizer, operating time, etc., in this day of cost
containment and voluntary effort.

Presently we are complying with the recommendations of
the Center for Disease Control, which allows us to incinerate such
waste. We certainly appreci'ate oVr responsibility as a community
health center, to protect our community.

However, in a small facility like ours, where a very limited
number of people have the responsibility for disposing of any waste,
the steps we take are effective and consistent. How great a threat
can we be? It is my opinion that the proposed regulations are aimed
more at the large centers, but could be devastating to us.

I would appreciate a reply. Thank you.

Sincerely,
Patty Wonsmos, RN, Director of Nursing
Guttenberg Municipal Hospital

PW/ejh
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APPENDIX E-9

March 12, 1979

Mr. John P. Lehman 1
Director, Hazardous Waste Management Division
Office of Solid Waste (WH-565) w'
U. S. Environmental Protection Agency 7/,
Washington, D. C. 20460

Re: Part 250 Subpart A - !1azardous Waste Guidelines
& Regulations

Dear Mr. Lehman: A

On December 18, 1978, the Environmental Protection Agency (EPA) •

published in the Federal Register proposed regulations prescribing
regulatory programs designed to manage and control the country's
waste from generation to final disposal.

Convertors, a division of American Hospit3l Supply Corporation,
is a manufacturer and distributor of single-use disposable
surgical and apparel products constructed from nonwover medical
fabrics. Our products are sold to health care facilities both
domestically and internationally. Included among our products
are a wide variety of surgical drapes, specialty sponges and
apparel patient care items.

Convertors is proud of its ionwoven single use product line and
experience in the health care industry and wishes to submit A

the following specific comments on this document.

Although these proposed regulations do not purport to regulate
us, we feel that they could have a direct impact on our industry.
Therefore, we trust that these comments will help the Agency :1
further refine this very important document.

Specific Comments

Subpart A - Section 250,11 - Hazardous Waste Definition

For purposes of the propostd regulations, the term "other

discarded material" in the solid waste definition Sention 1004
(27) of the Act, is defined by EPA to mean any material which:

(1) Is not reused (that is, is abandoned or committed
to final disposition) ..........

196

Fq



ApENDIX -O

AMERICAN HOSPITAL ASSOCIATION
S40 NORTH LAKE SHORE DRIVE CHICAGO, ILLINOIS 60611 TELEPHONE 312-645-9400
10 CALL n ,.ITER, PHONE 312- 28Q = .6...

9,C', .-.

March 1S, 1979__

PAR 16 '979
John P. Lehman,. Director s0 L

Hazardous Waste Management Division
Office of Solid Waste (WI- 565)
U.S. Environmental Protection Agency ----

Washington, DC 20460

Reference: Proposed rules under Sections 3001, 3002, and 3004 of the Solid
Waste Disposal Act as amended by the Resource Conservation and
Recovery Act of 1976 (Public Law 94-580), Federal Register,
Volume 43, no. 243, December 18, 1978.

Dear Mr.-'Lehman

The American Hospital Association (ACIA), representing over 6,400 hospitals
and other health care institutions, welcomes the opportunity to comment on
above referenced proposed regulations on the identification and listing of
hazardous ,aste. The AHA recognizes the problems that the Environmental
Protection Agency (EPA) had in attempting to write regulations that.in effect
set policy without clear congressional direction. The Al-I also recognize .s
the difficulty in defining quantitatively that portion of solid waste that
may be conSidered hazardous due to possible infectiousness.

However, the A1A believes that EPA's approach to a definition of hazardous
infectious waste as stated in section of 3001 of the proposed regulations is
"incorrect according to leading authorities and will cause an undue financial
burden on hospitals without a commensurate benefit to public health. Our
concerns relate to the following of our major concerns:

1. No proilen or threat to public health from hospital waste has been documented
that e.-rrants the promulgation of regulations that are as inclusive and as
costly as those included in Section 3001, 3002, and 3004.

2. Sterilization and inci neration requirements as specified in Appendix VII,
p. S8964, for hospital waste are not feasible or realistic.
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8811 Village Drive 4214 E. Southcross Blvd.

BAPTIST MEMORIAL HOSPITAL SYSTEM C] 111 DALLAS STREET [j SAN ANTONIO, TEXA 0 78286

S- ," . David Gcrret
March 15, TOO9 Executive Director

EPA Regional Office 2
2404 Waters ide Mall -3* /
401 M Street, S.W. L
Washington, D. C. L_)

Re: Part 250-Hazardous Waste Guidelines and
Regulations, Federal Register, Vol. 43,
NO. 243.

Gentlemen:

The proposed regulation set forth in the Federal Register, Vol. 23,
NO. 243, defining hazardous waste from within hospitals, is not necessary
since most of these functions of sterilization, labeling, etc., of waste
materials are already being treated as preventative by other accreditation
agencies, as well as state laws. These regulations would be superfluous
and an added expense to hospitals since the main thrust of the U.S. Govern-
ment, HEW is to reduce costs, Why is it necessary to duplicate?

Also, the section in which hospitals using incinerators must set up
trust fund satisfactory to EPA to assure maintenance, closure costs and
imposing fines. Again, this is duplication of already existing state, city
regulations and again would be superfluous and duplication of efforts,
adding to hospital costs.

Yours truly,

M. R. W'i'ggs
Associate Administrator

MRW:ach

E. 1.
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t APPF-NDIX E-12

7THE IOWA HOSPITAL ASSOCIATION ..Z
Suite R • 600 Fifth Ave., Des Moines, Iowa 50309 • Phone (515) 288-1955

DONALD W. DUNN, President 7

March IS, 1979

Mr. John P. Lehman, Director
Hazardous Waste Management Division
Office of Solid Waste
U.S. Environmental Protection Agency
Washington, D.C. 20460

Re: Hazardous Waste Guidelines and Regulations
(40 CFR Part 250) (6560-01-M)

Dear Mi. Iehman :

With regard to the proposed notice of federal rulemaking which appeared
in the December 18, 1978, Federal Register, we wish to offer the follow-
ing observantons:

The detailing of sources generating hazardous waste which apply to health
care facilities (page 58958 of the Federal Register) are far too inclus-
ive. The inclusion of organisms defined as Class 2 b>, the CDC classi.fi-
cation when combined with the inclusion of patient rooms suggests that
virtually all wastes from such areas could be deemed hazardous. Fospitals
should be allowed to disposi of such materials in a less costly manner.
The required steam autoclave treatment procedure when combined with the
proposed record-keeping requirements will place an undue and unnecessary
administrative and financial burden on the nations hospitals.

It is our hope that the final regulations will take account of this pro-
blem.

Sincerely yqurs,

Bradley C. Engel
Director uf Planning

BCE/ms
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APPENDIX E-13

Pnhr llnitirsitvDUrHa.M

NORTH CAROLINA,
27706

March 16, 1979

+

Mr. John P. Lehman, Director
Hazardous Waste Management Division
Office of Solid Waste (WH-565)
U.S. Environmental Protection Agency
Washington, D. C. 20460

RE: Sections 3001 & 3002 -

Dear Mr. Lehman:

I am writing to share with you Duke University's comments on the proposed
regulations written to implement Sections 3001 and 3002 of the Solid Waste
Disposal Act. We feel that it is particularly important that EPA hear from
universities since the regulations were not written with institutions like
ourselves in mind. We expect that your office has not had the resources or

L the time to consider what effects these December 18 regulations could have on
colleges and universities. We belong to the small number of institutions in
the country that produce more than 100 kilograms7 of hazardous waste per month
but still produce much less hazardous waste than do the prime targets of your

regulations: business and industry.

We cannot argue with the principle that hazardous waste should be handled
and disposed of properly. At the same time we know, as EPA knows, that if the
efforts that regulations require cannot be realistically accomplished and do

not seem reasonable to those who must undertake them, then nothing constructive
results. In a country as large as this one, compliance must be essentially
voluntary. Therefore regulations must be fairly reasonable to be effective.

As the regulations are now written, university researchers have two

choices: test every new type of waste they generate which they have reason
to believe is hazardous or assume it is hazardous and turn it over (properly
stored and labelled) to the Safety Office.

Both choices pose problems. The problem with the first is that it is a
practical impossibility to test all of the suspect waste. Unlike industries,
which produce nassive quantities of a porticular waste, the waste from univer-
siLy laboratories differs from beeker to ueeker, from test tube to test tube.
Every day there are new types of hazardous waste to test.

The second alternative, while simplier for the researcher, makes much
more work for the Safety Office and is much mote costly to the University. It
is difficult to say exactly how much more hazaidous waste would be turned over
to the Safety Office but it is not difficult to guess the rough proportions. We

200



~h .LehmanS• ~.',,. g•2

:rc.. 16, 1979

:.T-:: the a;-.oun* t to incrl.;se by 3 to 4 times, for tcwo reasons: (1 :-e.searc 'ers
. I turn over -.'aste that may not be hazardous, rather than test it t, finC ,ut;
(2) EPA's definition of what is hazardous takes in much waste which hbs never

r;v-•r. hbindled by the Safety Offices before.

A chemistry professor here at Duke, Professor James Bonk, has reviewed the
sections 250.13 and .14 of the regulations for us. He reports that these wastes,
among others, will soon be going to the University Safety Office for the first

time if these regulations go into effect:

Hydrochloric acid, sulfuric acid and nitric acid, all
produced as waste in great quantities by laboratories on
campus. Among other things these acids are used to clean
test tubes and beekers. Last year Duke University purchased
roughly 1000 gallons of these acids in concentrate.

Chromate waste. This appears in the list in 250.14. Chromate
waste is produced in quantities in university laboratories
where it is used for cleaning.

Containers for chloroform, formaldyhide, carbontetrachloride,
analine,brucine, camphrine, benzene and phenol. (As we read the

regulations, Duke has the choice of rinsing these containers,
which are discarded in great numbers, three times and turning
the waste liquids generated from the rinsing over to the Safety
Office or of turning the containers themselves over. In either
case the quantities are very great.)

Related to the problems posed by the necessity of collecting some of the

wastes specified are the difficulties created by the labelling requirements set
forth in section 3002 of the law and subpart B of the regulations. If our reading
of the regulations is correct, the Safety Offices of universitle- are be'ing asked
to measure, package and label hazardous waste according to these categories:
(1) the roughly 1000 hazardous wastes that have each been assigned a separate
"shipping name" by the Department of Transportation regulations, 49 CFR 172;
(2) the waste processes in the EPA regs in section 250.14, if there is no DOT
shippi:ig name.

W, assume that this means that each o. these wastes must be kept separately
as it travels from the laboratory to the Safety Office. In order for the Safety
Office to know which of these wastes it is, it would further need to be labelled
in some tway by the researcher. Hydrochloric acid is listed as a shipping name in

the DOT regulations, as is sulfuric acid. Therefore laboratories would have to
put those acids, as wastes, in separate containers. At present this is not done.
Perhaps the task of measuring the amount could be given to the Safety Office.
Even tl.en, the amount of detailed work involved in preparing the hazardous waste
for the Safety Office would be extremely burdensome, An additional very great
expense would be to supply the great numbers of containers that wculd be needed

to store the wastes (for pickup from the Safety Office). We conclude that the
categories for labelling are far too specific. Many of these wastes which share
a charcteristic can be safely combined, by the chemist, who knows well enough
what t-;e reactions will be.
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APPENDIX E-14 Industry [

Manufacturers
H role0.Bo211 Association :

1030 Fifteenth St N W
Washungton. D.C. 20005

March 16, 1979 202) 4S2-6240 '1
Sir. John P. Lehrman
Dirctor, Hazardous Waste -,iagement Division .... .1 1
Office of Solid Waste (WH--65)
Eovirrrnnntal Protectinn Agency
"ashiington, D. C. 20460

fcaxr Mr. Lehman: I-- . ,

Re: Hazardous Waste; FRL 1014.5

In the Federal Register of December 18, 1978, the Environmental
Protection Agency (EPA) published proposed guidelines and regulations
regarding hazardous waste. The Health Industry Ma;nufactmrers
Association (HIMA, the Association), a trade association repre'e•:ting
more than 250 companies that develop, rmanufacture, and miMket medical
devices and diagnostic products, is an interested party with respect
to this proposal because HIMA, its .zt-rbers ccmpanies, and their cus-
te.Tnrs will be affected by implementation of the proposals.

These regulations were proposed pursuant to Sections 3001, 3002, and
3004 of the Resource Consrvation and Recovery Act (RCRA) of 1976.
RCRA requires EPA to forrnally designate those wastes that are con-
sidered to be "hazardous." After a list of hazardous wastes has been
promulgated in final form, ccinpanies, institutions, and organizations
will be given 90 days to notify EPA (or the states) of any hazardous
waste that they may generate. Thereafter, generators of hazardous
waste will be required to store, package, label, and ship such waste
in accordance with specific EPA requirements. Part of EPA's hazardous
waste program is a documentation system intended to monitor hazardous
';iste materials from point of generation through storage and transpor-
tation to final treatnent and/or disposal.

HIMA, on behalf of its n-,mbr ..pmies, objects to this proposal for
a number of rras.ns discussed in detail below. The proposal is too
nnrrcxly drawn. overly burdc•nsc;e, highly inflctionary, and scienti-
fic•ally unsupportable with re.spxct to niJdical pr(duct and hospital
%:a-ste. Brc-ad categorization of 1-spital waste as haardous will
require cciplex and costly st'cial disp...:al prcredures that are not
neces.sary to prot,.ct public health or the cnvironn-ent. Moruover, they
will create significant new costs in a pcriod when hospital cost con-
tairsront and control of inflation are national concerns. We subrnit
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APPENDIX E-15

• Michael Reese Hospital and Medical Center
Offitce of Legal Affairs{ 2-11h Sre'e' and Ellis Avenue
SChicago, llinois 60616

"I - (312) 791-3717

March 16, 1979

Mr. John P. Lehman ','Director i" '..
Hazardous Waste Management Division .

Office of Solid Waste
U. S. Environmental Protection Agency
SWashington, D.C. 20460 -

Dear Mr. Lehman:

I am writing on behalf of Michael Reese Hospital and Medical Center
and the University of Chicago Medical Center to cumment on the
Environmental Protection Agency's proposed hazardous waste disposal
regulations as published in the Federal Register (Volume 43,
Page 58946, et seq.) on December 18, 1978.

The proposed regulations, which would implement Public Law 94-580,
The Resource Conservation and Recovery Act of 1976, appear to be
both reasonable and necessary for many areas. However, they are
unrealistic and unnecessary in their application to hospitals and -
health care facilities. Section 250.14(b) (i) (A) specifically
lists the following ten hospital departments as generators of
hazardous wastes: Obstetrics Department including patient's rooms;
Emergency Departments; Surgery Department including patient's rooms;
Morgue; Pathology Department; Autopsy Department; Isolation rooms;
Laboratories; Intensive Care Unit; Pe(14attrics Department.

Although the proposed regulations would not apply if wastes from the
listed departments do not contain any of the microorganisms listed
in Appendix VI, if the wastes are demonstrated to be non-hazardous
"according to Chapter 250.15, if the waste generated by the institution
is less than 100 kilograms per month, or if the wastes are treated
as specified in Appendix VII, it appears that, in fact, many hospitals
would be deemed to be generators of hazardous waste under the proposed
definitions. If hospitals are deemed to be generators of hazardous
waste they are subjected to stringent disposal and record-keeping
requirements. If, as an alternative to off-premises disposal, I
a hospital elects to incinerate waste materials on-site, an appropriate
EPA permit must be obtained (in addition to meeting state and local
requirements) and a separate "trust fund" must be established ye

cover the costs, probably quite high, of this approach.

Cl Il~ 1 ' •. •• h .,c';•e • ,,t

' 
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APPENDIX E-16

iNACHRIIAN ASSOCIATION STATEMENT
March 16, 1979

John P. Lehman/
Director LIL/
Hazardous Waste Management '....

Division • - • , I
Office of Solid Waste

(WH-S65)
U.S. Environmental Protection

Agency
Washington, D.C. 20460

Re: Section 3001

'c-z MLr.

This Association's membership is comprised of 69 Children's Hospitals
admitting 90% of the 363,164 children admitted to Children's Hospitals
annually.

In the review of The Hazardous Waste Guidelines and Regulations,
published in the December 18, 1978, Federal Register, the Association has
identified several areas of concern which should be considered prior to
the finalization of these regulations.

First, the format, organization, referencing, and syntax of the pro-
posed rules make them extremely difficult to read, understand, and inter-
pret. If, as indicated in the Supplementary Information introduction,
some 270,000 waste generating facilities and 10,000 transporters will be
regulated, it must be recognized that many non-technical persons will be
responsible for adherence to the final regulations. These regulations
will be effective towards the goals of the authorizing legislation only
if they can be understood.

There exists today, a general cynicism towards Government's activities, _

fostered by the bewildering array of rules and regulations which impdct
increasingly on every aspect of life and which all too often indicate to
those impacted, a lack of realism on the part of their drafters. It should
not be necessary for the individual or organization so impacted to have to
seek expert consultative services, in ordernmerely to understand what re-
quirements are being imposed. The proposed rules, as written, may well
result in that need for all but the most sophisticated and technically
conversant with their subject matter.

The National Association of Children's Hospitals and Related Institulions. Inc.
Suite 34. Independence Mall, 1601 Concord Pike. Wilmingtou. DE 19803
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APPENDIX E-17

S...OFFICE OF THE ASSISTANT SECRETARY OF DEFENSE

WASHINGTON, D.C. 20301

ktANPOWE, R
.',•V'E AFIAIRS 1 6 MAR 1979

", LOGISTICS

Mr. John P. Lehman
Director, Hazardous Waste

Management Division,-
Office of Solid Waste (14H-565) 1,179
U.S. Environmental Protection Agency i -j
401 M Street, S.W. _ , L-
Washington, D.C. 20460

Dear Mr. Lehman:

This is to provide the Department of Defense's (DoD) comments on the
Environmental Protection Agency's (EPA) proposed "Hazardous Waste
Guidelines and Regulations" (Sections 3001, 3002, and 3004) which we're
published in 43 FR 58946-59028, dated December 18, 1978.

The DoD has extensively reviewed these proposed regulations because of
the substantial impact on our operations-. The comprehensive scope of
the regulations and the technical problems associated with the unique
hazardous materials handled as part of DoD's military mission will have
a significant economic effect on DoD.

We support both the principle to regulate hazardous wastes and the
general "cradle-to-grave" management concept in the Resource Conservation
and Recovery Act of 1976. We also appreciate the complexities associated
with developing meaningful and realistic regulations. The regulations as
proposed, however, are extremely complex, difficult to interpret, and will
;e very expensive to administer.

'.' have enclosed a number of substantive comments in an attempt to
cla;ify key issues of concern to DoD. Enclosure 1 presents general
co01.r.;1mts, and Enclosure 2 is specific comments on individual refer-
unced topics.

Overall, the definition of hazardous waste is itself too general to be
ro,,aninyful. There is a definite need to recognize the varying degrees
of risk associated 'with hazardous %.'astes, rather than any specific
thre!,Iold value. Ideally, the degree of control associated with a
particular ha7ardous w.mste should be corn-.,,2nsurate with its potential
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for rnv ronw,,ntal harm, recognizing that in many cases there is 1 imi ted
kscv:..l '. of Lhe risks involved. Monitoring, recordkeeping, and
r,,ort~ing arc unnecessarily complicated and difficult to adminirster,
and ,cfforts should be wa.de to minimize the unnecessary generation of.
pap orcork.

Of particular concern is the need to recognize the special'problems
.';socilated with federal coiipliance, particularly DoD. The inherent
diffcrences in the federal governn-ent structure and private industry
preclude application of the same specific regulations in many instances.
Separate regulations are neccssary in such cases to allow actual imple-
nmontation. DoD's operations invnlve a wide variety of unique hazardous
matcrials (e.g., military munitions), and this special area needs-to be
addrcssed specifically in the regulations. Details are discussed in
the enclosures.

We welcome the opportunity to discuss hazardous waste issues with EPA
at any time. Some dialogue has already been initiated on this subject
bctwen military service and EPA representatives at the working level.
We t-n,-ourage this type of cooperation and offer the assistance of this
office to support these efforts to the mutual benefit o.f DoD and EPA.

Please let me know if you have any questions on our comments, or if I
can be of any further assistance.

Sincerely,

George Marienthal
Deputy Assistant Secretary of Defense

(Energy, Environment and Safety)

Encls
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APPENDIX F

STATE DEFINITIONS OF INFECTIOUS WASTE AND DISPOSAL REQUIREMENTS
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APPENDIX G

SURVEY QUESTIONNAIRE FOR U.S. ARMY
HOSPITALS AND MEDICAL CENTERS
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DEPARTMENT OF THE ARMAY
HEADQUARTERS. UNITED STATES ARMY HEALTH SERV:CES COMM4AND

FORT SAM HOUSTON, TEXAS 78234 1
S: 20 Aoril 1979

HSPA-J'P

SUBJECT: Questionnaire Survey of US Army Hospital Wastes A

SEE DISTRIBUTION

1. Reference is made to Federal Register, Voltr-.e 43, Number 254, Monday,
iS December 1978, EPA (FRL 1014.5) Hazardous Waste Guidelines and Regulations.

2. At the request of the US Army Medical Bioengineering Research and
Development Laboratory, this command is forwarding a questicnnaire to
selected ,vEDCE"'/>..DDAC for use in determining the types and quantities of
waste generated at US Army hospitals.

3. Data collected from this survey *.;ill be of use in a project to
evaluate the feasibility of landfilling military hospital w;astes in the
coritext of proposed federal regulations (reference 1). This research could
significantly affect the economics and Tnqgoement responsibilities associated
with hospital -aste disposal.

4. Request compliance in completing the questionnaire and returning it to
Ms. J. C. Gordon, Principal Investigator, The MITRE Corporation, Metrek
Division, 1820 Dolley Madison Blvd., McLean, VA 22102, NYLT 20 April 1979.
A copy should be furnished this command, ATTN: HSPA-P.

FOR THE COZ4-MADER:

1I. L COOP
I Incl LTC, AGC
as Afst AG

DISTRIBUTION:

CO>M4ANDERS HSC MEDCEN/MEDDAC
less: CDR USA NEDDAC FT BENNING

CDR USA MEDDAC FT CA'MPBELL
CDR USA MEDDAC CANAL ZONE
"CDR 1'SA UEDDAC FT SHERIDAN

CF:
Cdr, US,%}1BRDL, ATTN: SGRD-UBG-l
Cdr, USAEIA, ATTN: HSE-ES
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Date _

1. Name of Facility

2. Address

Zip Code _

3. Designated contact

Title

Telephone Number (

4. Type of facility (check one )

Research hospital complex

General hospital

Hospital-nursing home

Specialty hospital Explain

Clinical

Other Explain

5. Number of hospital beds

6. Average number of in-patients/day

7. Average number of outpatients/day

219



8. Total number of hooptial employees including both military and

civilian personnel for each shift:

First shift

Second shift

Third shift .-_

9. The actual or estimated amount of solid waste generated by your

hospital each day'.

lb/day or cubic fcat/day

actual or estimated

10. The percentage by weight of each type of solid waste listed

below. If complete data are not available, please estimate.

Percentage by Weight

Type of Waste Actual Estimated

Paper
Cloth

Rubber __

Plastics

Glass

Metal ....

Miscellaneous

Total
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11. The percentage by weight of solid waste from each source. If

complete data are not available, please estimate.

Percentage by Weight

Source Actual Estimated

Clinical Service
(Laboratory) -__

Dental Activity
•Department of Medicine •

Department of Obstetricsd
and G~ynecoloity

Department of Pa~thology

Department of Pediatrics,
Department of Radioloy,,

Department ofSre .•

General Medical Service__-_
•. ~General Suraical Service -

.-~Intensive Care ,.

Opthalmology and
_.Otolaryngology Services

Pharma~cy Service

Coffee Shoo

_Command and Administ~ration

Food Service Division

Other

221

S - ..... .• -• •, • • • • •- • • •' L ... -r
-- -- -- -- -- -- -- - -- -- -- --" =•=



Al

12. The disposal methods used at present

Quantity

Method lbs/day cu ft/day

Garbage grinder

Incinerator

Pathological incinerator

Landfill

13. Any information on types of microbial organisms present in your

hospital solid waste that is landfilled.

14. Any additional information on the amount, type or source of solid

waste generated by your hospital you wish to provide.

222
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15. Any information you could provide to document the information

supplied on this questionnaire would be helpful.

Ti

73
-A

A

Please return within 15 days to:

Mrs. Judith G. Gordon
W-326
The MITRE Corporation
1820 Tolley Madison Blvd.
McLean, Virginia 22102

Telephone: 703/827-6654

223
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APPENDIX H

TABULATION AND STATISTICAL ANALYSIS OF
RESPONSES TO THE SURVEY QUESTIONNAIRE
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TABLE H-2

SLUhM.RY OF DALLY
SOLID WASTE GENERATION IN U.S. AP2Y HOSPITALS

STANDARD RANGE
DATA MEAN DEVIATION HICH LOW

Bed Capacity 285 274 1280 39

Occupancy Rate (%) 60 23 97 16

Average Bed Patient 172 185 790 15
Population

Croas Population 2471 2001 7995 447

Equivalent Population 1119 862 3340 202

Total Solid Waste 1 8149 23,743 136,800 300
(lbs)

(lbs/bed patient) 51 70 346 2

(lbs/gross 3 3 17 0.1
population)

(lbs/equivalent 6 8 41 0.2
population) N

Outpatient Population 1081 663 2741 215

Outparients/Bed Patients 10 6 30 1

SOURCE: Baaed on the survey of 32 U.S. Army Hospitals, 1979.
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APPENDIX J-I

SOIL CHARACTERISTICS AFFECTING LANDFILLING

Soils are complex, dynamic, biological, chemical and physical

systems that can transform applied matter by waste incorporation, at-

tenuation, and evaporation. Soil characteristics and solute attenu-

ation by soil are affected by soil type, climate, particle size dis-

tribution and soil texture, pH value, and soil moisture.

Soil Type

There are two general classes of soil in the United States. One

is present in the eastern part of the country, the other in the west-

ern, and they divide the continental United States in half from north

to south (Figure J-l). The division occurs almost exactly along

Thornwaite's regional moisture index that separates the United States

into moist and dry regions (Figure J-2). In the western half of the

United Scates are the calcified soils of dry climates called "pedo-

cals." In the eastern half (and also Hawaii and Alaska), soils con-

taining accumulations of aluminum and iron ("pedalfers") typical of

moister climates dominate (Muller, 1974).

The pedalfer and pedoca] soils are further divided into ten

orders, known as the Seventh Approximation Soil Order Classification

that was adopted by the United States Department of Agriculture

(USDA). Table J-1 gives a brief description of cach order and Figure

J-3 shows their location in the U:i~ted S•cat•;.
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A

Soil Texture

A
i ~Different soil types have different soil textures determined by •

particle size distribution. In Table J-2, the characteristics of dif-

ferent soil textures are compared. Figure J-4 depicts a textural

classification of soils and the different particle sizes that are I

included in each soil texture. Soil texture is determined by measur-j

ing the proportions of clay, silt, and sand in the inorganic part of

the soil. For example, a soil that contains 60 percent silt and 20

percent clay would be classified as a silt loam.

The particle size distribution of soil determines the amount of

surface area available for adsorption per unit weight of soil. Silts,

clays, and colloids offer more surface area than do sands and gravels. j

if the surface area is large, adsorption and filtration are more ef-

fective, and attenuation is therefore greater than if the surface area

is small.

A fine, tightly compacted soil, particularly a colloidal clay

(upper part of texture triangle) inhibits rapid permeation and in-p

creases attenuation. However, if clumps of soil stick together, soil

channeling occurs, forming cracks or channels through which water can

flow. Coarser soils (such as sands and gravels--lower left corner of

textural triangle) have high permeation rates and less effective

attenuation.
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TABLE J-2

CHARACTERISTICS OF DIFFERENT SOIL TEXTURESa

NUMBER

PARTICLE OF
TEXTUREb DIAMETER PARTICLES SURFACE AREA

(Particle size) (am) (per g) (cm2 /g)

Fine Gravel 2.00-1.00 90 11.3

Coarse Sand 1.00-0.50 722 22.7 -

Medium Sand 0.50-0.25 5,777 45.4

- Fine Sand 0.25-0.10 46,213 90.7 -

Very Fine Sand 0.10-0.05 722,074 226.9

SSilt 0.05-0.002 5,776,674 453.7

SClay <0.002 90,260,853,860 11,342.5

aAdapted from Fuller, 1977.

bU.S. Department of Agriculture classification.
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The pH Value

Soil acidity is measured in terms of the concentration of hydro-

gen ions. Natural soils have a pH value between 3 and 10 (Figure

J-5). Soils with a pH value greater than 7 are alkaline soils; those

with a value less than 7 are acidic soils. Peat soils and humid re-

gion mineral soils are highly acidic whereas arid region mineral soils

are alkaline. However, the chemistry of the soil may be changed when

solutions such as rain water or landfill leachates percolate downward

through the soil. The upper layers of soil sometimes become more

acidic as the more alkaline materials move downward.

Soil Moisture

Soil moisture is the amount of water held by soil. It is a

function of the availability of precipitation as related to evapo-

transpiration and the water-holding capacity of the soil. The

capacity of soils to hold water depends on the type of soil. Sands

have more space available in which to retain water effectively without

elution (pore size distribution) than do gravels. Clays have an even

greater pore size distribution than do sands and therefore retain

water better.
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k
APPENDIX J-2

SANITARY LANDFILL DESIGN

The sanitary landfill is specified under Section 4004 of RCRA as

the proper disposal facility for the landfilling of solid wastes. In

this discussion, therefore, the term "sanitary landfill" refers to a

landfill which meets the proposed criteria (Federal Register, 1979a),

in design, construction, operation, and maintenance.

In a well-designed sanitary landfill, soil is usually used for

three different purposes: the original ground on which the landfill

is located; the landfill liner; and the daily, intermediate, and final

cell covers (Brunner and Keller, 1972). Figure J-6 is a schematic

diagram of an in situ landfill. It depicts the landfill sections and

soil Lqes as well as the original soil basc and its soil water. Table

J-3 is a classification of various soils by characteristics that apply

to landfill construction.

The Original Soil Base

One of the most important considerations in selecting the site

of a sanitary landfill is the hydrology of the soil, specifically how

it relates to the groundwater (zone of soil saturation). The zone of

saturation, the direction and rate of flow of the groundwater, and the

quality of the aquifer directly affect the subsequent water quality

after landfill construction. The permeability of the soil strata and

the external hydraulic forces acting upon the groundwater determine

the vertical and horizontal movement of subsurface water, factors

which are important in determining landfill location and depth

27"
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A

(Brunner and Keller, 1972). The types of soil as they might appear at

a landfill site and the relationship of water within them are depicted

in Figure J-6.

Soil characteristics at a landfill site affect the quality of

the landfill leachate which may eventually reach the underlying

aquifer. The ?,:cumulation of leachate in soil below a landfill can

change tie 'nvironment from aerobic to anaerobic and strongly

reducing, thereby promoting the solubility and movement of metals. If

the depth of soil thus affected includes a water-bearing formation, .

the disposal site can contaminate potable water supplies. on the

other hand, if there is a sufficient depth of soil beneath the site, a

partially aerobic, oxidizing zone may remain above the water-bearing

formation and the soil can effect attenuation. This possibility must

be considered when soil type is used as a factor in site selection

(Fuller, 1977). [

The Landfill Liner

The main purpose of the landfill liner is to prevent contact

between the landfill and landfill leachate and the underlying

groundwater. The liner can be constructed of natural soil (e.g.,

clay), of mixed materials (e.g., asphalt, concrete, masonry), or of

synthetic materials (e.g., poly[vinyl chloride]). Table J-4 lists the

advantages and disadvantages of various types of liner materials.

Usually a liner of well compacted natural clay soil ) to 3 feet

thick is sufficient to prevent highly polluted leachate from
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penetrating to the groundwater. The clay liner allows drainage of the

landfill leachate by slow permeaticn and leachate attenuation through

adsorption. However, clay liners can become saturated or cracked and

channelled, thereby allowing seepage of leachate to the soil base and

eventually to the groundwater.

If suitable clay is not available, additives can impart to the

natural soil the characteristics needed for use as a landfill liner.

One example of a soil additive is sodium bentonite (sodium montmoril-

lonite--a Vertisol) which is molecularly similar to clay. However,

unlike clay, sodium bentonite can swell from 10 to 15 times its bulk

weight when saturated with clean water. Contact with water containing

high levels of dissolved salts, acids or alkalies greatly reduces the

swelling capacity, and failure of the liner seal will occur. Chemical

sealants can be added to the natural sodium bentonite to reduce the

effects of contaminated water, but care must still be taken to avoid

contact with certain kinds of contaminated fluid. Sodium bentonite-

soil mixes can be effectively used as landfill liners if approximately

18 inches of a protective soil buffer is placed on top to separate the

liner from the fill material. This buffer helps to protect the liner

during compaction and to prevent its drying out. A chemically treated

sodium bentonite liner is contaminant-resistant and usually will not

deteriorate when in contact with landfill leachate (American Colloid

Company, 1979).
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Concrete, masonry, and asphalt--all of which form rigid

structures--are sometimes used as liners. Because of their rigidity,

these liners do not stretch and conform to the changes in the shape of

the soil base that are brought about by weathering and shifting. They

are also likely to crack when heavy objects that exreed the limits of

weight resistance of the liner are dumped on them. The lack of

elasti.-Lty of these liners can result in cracking and faulting which

allow eventual seepage of leachate into the soil base.

Sometimes a totally impermeable liner underneath a landfill is

desired. This can be attained by placing synthetic liners between

layers of sand on top of asphalt; however, suitable leachate drainage

must be provided. Figure J-7 is a 9chematic diagram of a landfill

with a synthetic liner in place. Synthetic liners are usually flex-

ible enough so that cracking and faulting are not problems. The

materials that are used generally conform to changes in the shape of

the soil base. However, since most membrance systems are constructed

of many narrow strips that are joined with glue, solvents, or mastic

compounds, seepage at the seams is probable. Another potential

problem is that these thin membranes can be easily punctured during

installation (Schlegel Area Sealing Systems, Inc., 1977). Materials

used for synthetic liners include poly(viny) chloride), synthetic

rubber, and bitumen/fabric laminates, butyl rubber, chlorinated

polyethylene, chlorosulfonated polyethylene, elasticized polyolefin,

ethylene propylene rubber, neoprene, pulyt'_wtylcne, pol,,srer
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FIGURE J-7
SCHEMATIC DIAGRAM OF A SYNTHETIC LANDFILL LINER



elastomer, low density polyethylene, plasticized poly(vinyl chloride),

and poly(vinyl chloride) plus pitch. A relatively new type of

synthetic membrane liner, high density polyethylene vestolen, is free

from plasticizers and filler material and is resistant to a broad

range of chemicals, wide changes in pH, mechanical abuse, punctures, 11
rodents, termites, ultraviolet light, sunlight, fungus, and mold; it

is three to six times the thickness of other membrane liners, is easy j
to maintain, and has fusion-welded joints that are stronger than the i-

sheet material itself (Schlegel Area Sealing Systems, Inc., 1977).

Landfill Covers

A thin soil cover (at least 6 inches) should be placed daily on

top of the disposed waste to keep waste trom being blown away, to keep

out pests and rodents, and to minimize odors. A thicker intermediatc

soil cover over several cells in a landfill serves to prevent imme-

diate erosion of the compacted wastes and of the daily cover during

construction, and provides a wall or base against or upon which to

construct subsequent cells. The final soil cover over a filled

landfill should have a minimum thickness of 2 feet. The final cover

prevents erosion, controls pollution, has aesthetic value, and

provides a base for future site uses.

The relative suitabilities of different soil types in relation

to the specific functions of a landfill cover are tabulated in Table

J-5 (Brunner and Keller, 1972). Each soil is rated for its suit-

ability in fulfilling each of seven functions of a landfill cover. I

Each rating has a corresponding weighting factor, and the sum of the
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weighting factors indicates the overall suitability of the soil for

use as final landfill cover. The soil types that are the most

suitable ior use as cover material are clay, clayey-silty sand, and

silt. Clean sand and clean gravel are least suitable because of their

high permeability.

The amount of infiltration of precipitation that falls on a

landfill is the major factor affecting the quantity of leachate that

in generated (James, 1977). If a proper soil cover is not used,

landfill infiltration and subsequent leachate generation will occur

(sometimes delayed for as long as 20 years) when precipitation exceeds

evapotranspiration in the area (Steiner et al., 1971). Rapid

infiltration of precipitation causes rapid cell decomposition and

landfill saturation. If landfill saturation does occur, heavy

leachate flow may result which could saturate the liner and soil base;

the leachate could then move directly through them so quickly that

attenuation would not occur or would be slight. Therefore, it is

important that the final landfill cover be constructed in such a way

that decomposition and saturation be curtailed; this can be achieved

by use of a highly impermeable soil cover that is also functional for

the ultimate uses planned for the site.

As the slope of the landfill cover increases, infiltration

decreases and erosion increases. A slope of 5 percent appears

sufficient to promote runoff and minimize erosion. A slope of less
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titan 5 percent retards runoff and prommtes water retention on the

cover surface. Flat-bottomed ditches should be constructed outside

the landfill to intercept outside water and on the landfill to control

surface drainage; otherwise, a system of buried drains should be

installed (Lutton, 1979).

A cover of layered material, rather than one homogeneous layer,

helps to impede infiltration and percolation through the landfill.

Where infiltration should be completely avoided, an impermeable

membrane between soil layers can be used as a cover. Salt additives

in the cover and tight compaction also improve impermeability (Lutton,

1979). Figure J-8 provides schematic diagrams of landfill covers.

Vegetation is often planted on the landfill cover which should be de-

sign-' to accommodate the final vegetation root system. Cover vegeta-

tion increases evapotranspiration, utilizes soil moisture thereby

inhibiting percolation and saturation, prevents erosion, i id is

important aesthetically.
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RESEARCH IN PROGRESS--1975 TO 1978
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