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FOREWORD

The public continues to view medical waste problems as a prime example of our deteriorating
environment, Federal and state governments have passed and promulgated laws and regulations
to help address these public concerns, but problems persist. Alternative public policy mechanisms,
such as the guidelines in this document, are seen as one way to control sources of medical waste
(such as setf-administered health care) which are not easily addressed by law. They are also seen
as a way to address medical waste concerns (such as source reduction} which were not originaliy
dealt with in most of the early state medical waste laws.

This document presents a set of voluntary guidelines for the management ot medical wasies.
This approach — voluatary guidetines in heu of statutory law — makes this an unusual document
for our organization to produce, having published Suggested State Levisfution — a compitation
of state statutes — annaually for over 30 years.

States and others wishing to study how non-regulatory guidelines might supplant or add to existing

medical waste management law should find chis study most usctul,

Daniel M. Sprague
Executive Director
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MODEL GUIDELINES
FOR STATE MEDICAL WASTE MANAGEMENT

Background. Beach wash-ups of medical waste on the
shores of five east coast states in the summer of 1988, children
playing with vials of blood found in a dumpster and the illegal
dumping of bags of medical waste brought forth a public out-
cryv for more stringent management of medical wastes after
they have iofu the site ot generation, Since that time, almost
every state has enacted regulations addressing some aspect of
the medical wasie management process. There are many areas.
however, riat have not been adequately addressed by most
states, such as public education and tacility operator training.

The Medical Waste Tracking Act of 1988 required the U.S.
Environmental Protection Agency to identify alternative (ie.,
non-regularory) approaches to medical waste management.
These Guidelines are in response to this requirement.

Introduction. The management of medical waste begins at
the time or place at which an item ceases 10 be useful for its
intended purpose and enters the waste stream. Medical waste
is generated by large and small medical facilities, households
and home healthcare and by illicit drug users. Operations that
generate waste include research, medical, veterinary, anatomi-
¢al pathological services and diagnostic, research and indus-
trial operations.

The waste management process begins before wastes are
produced with source reduction, reuse and recycling technigues.
Management continues through segregation, packaging, trans-
portation, treatment/destruction and disposal phases. Optimal
management of medical wastes at every point in the process
can insure minimal volume; protection of personnel, the pub-
lic and the environment; the alleviation of public concern over
the threat of infection or injury from these wastes; and effi-
cient and cost effective programs for their disposal.

The Council of State Governments entered into a grant
agreement with the U.S. Environmental Protection Agency's
Office of Solid Waste in 1990-91 to develop guidelines for use
by states and other entities that generate and/or manage med-
ical waste. This publication is the result of that effort. The
Guidelines are compiled on the basis of survey responses from
state agencies and national associations (see Appendix B, page
32) that provided examples of existing guidelines and regula-
tions, from independent research and from contributions and
review by an advisory committee consisting of representatives
of the regulated community, state regulatory agencies, public
interest and academic institutions (see Appendix C, page 34).

Purpose. This document details the components of a medi-
cal waste management plan or program for consideration by
the states and others who are primarily interested in the use
of votuntary guidelines in licu of mandatory statutes and/or
regulations. The document also seeks to provide guidance for
medical waste generators currently exempt from federal and
state regulation, such as home users of medical products and
areas such as personnel training.

Suppori. Funding for this effort was provided by the U.S,
Environmental Protection Agency, Office of Solid Waste and
Emergency Response, project control number C-817784-01-0.
This report is part of EPA’s Medical Waste Management in
the United States: Final Report 1o Congress. For further infor-
mation about this report contact Michaelle Wiison, Chiet
(OS-332), Special Programs Section, Office of Solid Waste,
LLS. Emvironmental Protection Agency, 401 M Sireet. SW.,
Washington, D.C., 20460, (2027 260-3331).

Authors. Research for this project was conducted by The
Council of State Governments’ Centers for Heaith and Envi-
ronment, R. Steven Brown, Director. The primary author of
this report is Karen Marshall, a Research Associate with the
Center for Environment. Karen Armstrong-Cummings, John
M. Johnson and Doris Ball assisted on this project. The cover
and itlustrations were produced by Elisa Pruden. The docu-
ment was typeset by Connie LaVake.

What Is a Guideline? Documents entitled “Guidelines”
vary widely in their intens. There are “how to” publications
such as instructions for self-treating diabetics on the disposal
of sharps, “Guides” to state regulations, or guidance as to
what a hospital must do in order to meet certain provisions
of its licensing requirements.

These guidelines are intended to serve as a ready-reference
ool for all aspects of medical waste management. By virtue
ofits definition, guidelines are not mandatory and are there-
fore not enforceable through civil charges or fines. Part of
their purpose is 1o reach sectors of the public that are not
traditionally or practically governable by law.

A state can make these guidelines available to both the regu-
lated and the non-regulated community for instruction in any
aspect of waste handling that is not currently addressed by
that state’s statutes or regulations. For this reason, the docu-
ment covers virtually all medical waste management issues,
The Guidelines attempt to be specific enough to answer the
practical day-to-day questions for the management of medi-
cal waste that, if carried out, will protect both the public and
the environment from injury, the spread of infection and aes-
thetically offensive encounters with medical waste.

Scope of this Document. The Guidelines do not address
areas such as incinerator standards that are already extensively
regulated at the state and/or federal level. (Chapier 8 of the
U.S. EPA’s Final Report 10 Congress will cover the current
status of state regulations of medical waste.) The Council is
not expressing a preference for guidelines over a more formal
regulatory program, but we do attempt to identify issue areas
for which guidelines may prove adequate. States and indus-
tries can choose which of the guidelines to implement.
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Terminology. Earlier siatutes and regulations tend to reler
to all medical waste by the term “infectious;’ even though the
definition makes no reference to its capability for transmitting
disease. Later terminology uses the word “medical’’ reserving
“infectious” for waste known to be capable of transmitting
disease. In this report, except for direct quotes, the term “med-
ical waste” will be used throughout to refer to wastes that are
potentially infectious or that pose a potential threat to the
public health and safety.

A Note about Format, This document is laid out in a format
that presents the actual guidelines always on the right-hand

Page viii  Medical Waste Guidelines

column of cach page. Supporting rexi ithar provides esplana-
tion, rationale and state examples appears on the lefi-hand
side of each page. This parallel format provides an uncluttered
presentation of the actual guidelines while permitting easy
reference to accompanying materials. All tables, charts, and
illustrations are part of the supporting documentation.

Audience. This document is intended for use by federal
agencies, the states, the private sector and other entities con-
cerned with medical waste management. The views herein are
not necessarily those of The Council of State Governments
or the U.S. Environmental Protection Agency.



I. WASTE CHARACTERIZATION

In practice it is difficult to identify
and segregate every article of medical
waste from the solid waste stream.
Theretore, most states list specific waste
tvpes in their definitions of medical
svaste rather than fenmotare a charace-
soristiv dettiation vhae woudd have oo
e applicd e aittem-by-aem basis, o
e saaie sein, these Guidelines s ien
ctegorios ol waste tor handiing as
medical waste, The rationale for select-
ing these caregories is based on two
characteristics that wastes must pos-
sess to come under the Guidelines: (1)
the porential of the waste to transmit
infection and (2) properties of toxicity
and/or low level radioactivity.

Infectious Capability

The US. Environmental Protection
Agency (EPA) defines medical wastes
as any solid waste which is generated
in the diagnosis, treatment (e.g., pro-
vision of medical services), or immu-
nization of human beings or animals,
in research pertaining thereto, or in the
production or testing of bioclogicals
(U.S. Environmental Protection Agen-
ey, March 24, 1989, pp.12373-12374),
The EPA has restricted infectious agent
10 mean “any organism {such as a virus
or a bacteria) that is capable of being
communicated by invasion or multipli-
cation in body tissues and capable of
causing disease or adverse health im-
pacts in humans™ (American Veterinary
Medical Association, 1989, p. 443).
Infectious waste is waste that contains
pathogens with sufticient virulence and
quantity such that exposure to the
wastes could result in infectious dis-
cases.

However, currently there is no de-
tinitive, quantitative analysis that can
be used (o determine whether or not a
waste is “infectious” (Vinnesota, 1988,
p. B.3}). The characteristic of infectious
potential is therefore based on prinei-
ples of disease rransmission.

The process of disease transmission
can be ¢onceptualized as a series of six
links, with each link representing an
essential step in the transfer of an in-
fectious agent from one susceptible
host to the next. If a break occurs in
any of the links along the chain, the

Documentation

process of disease transmission is in-
hibited. The six links are as follows:

I. The presence of a sufficient quan-
tity of an infectious agent.

2. The existence of a favorable en-
viconment (reservoir) forsurvivgl ot
I Teus Q-

A mode ol escape tor ilectious
AECNIN,

3.\ intectious mrode ol transnis-
ST,

3. A infectious roulg of entry.

6. A susceptible host.

The Ageney for Toxic Substances
and Disease Registry lists four main
transmission modes of infection (U.S.
Depariment of Health and Human Ser-
vices. 1990, pp. 2.9-2.10):

1. “Direct transmission occurs when
there is contact between an agent's
source and a susceptibie host. Direct
transmission can occur through direct
contact or droplet spray’’

2. Airborne transmission occurs
when “the etiologic agent is contained
in or on relatively small partictes that
remain suspended in air for long peri-
ods ot time. . . . Whatever the source,
the aerosolized material must be pro-
duced and then propelted by an activity
imolving the release of comparatively
high levels of energy’”

3. »Vehicle-borne transmission oc-
curs when an infectious agent is trans-
ported from 3ts source to a susceptible
host by contaminated materials or ob-
jects (indirect contact))”

4. Vector-borne transmission occurs
“when 4 vector, most commonly an
arthropod (insect), carries the agent
anorinits body, or the agenc develops
in the sector!’

“A determination of the probability
of any given waste [0 preserve intact
the chain of disease transmission pro-
vides a logical means for delineating
relative infectivity. According to this
method, the individual segments of
the biomedical waste streamn can be
analvzed for their relative ability to
provide a favorable environment for
the growth and survival of infectious
agents {link two) and to deliver suffi-
cient quantities of those agents to a
susceptible host via an infectious route
of transmission {emphasis on link four).

The Council of State Governments
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The rationale behind the definition
ot what constitutes medical waste is
based on two sets of criteria:

1. The potential of the waste to
transmit infection. These wastes. by
virtie of their characternstics, are ca-
Pae b DReserong the Chaan of s
SO LRSI ION Ses v calegories 0
wastes nanibers 1-7 on the tollowing
pazel dre universally handled as meds-
calwastes, regardless of their source
because:

a. the infectious potential of a
waste cannot necessarily be deter-
mined by its appearance;

b. the particular source of the item
andor its infectious nature may not be
identifiable;

¢. itis impractical and infeasible to
test each item for its pathogen content
(i.e, type and quantity).

2. Wastes which possess a risk to
public health or the environment for
reasons other than infectious poten-
tial. These wastes fall into three addi-
tional categories: wastes with low
leveis of radioactivity which are not
under Nuclear Regulatory Commis-
sion regulations; and cytotoxics and
wastes with trace amounts of toxic
chemicals which do not tall into the
hazardous waste category regulated
by Subtitle C of the Resource Conser-
vation and Recovery Act (RCRA). All
bulk quantities of such wastes must be
given primary consideration as Sub-
title C wastes and are therefore not
within the parameters of these Guide-
lines

Page 1



Waste Characterization

“Links three and five relate primarily
to the handling of those wastes deter-
mined 1o be infectious and therefore
serve as the basis for the establishment
of worker-safety programs which in-
clude barrier protection and contain-
ment procedures” (Minnesota, 1988,
p. lLIL.8).

The actual ability of a medical waste
type to uphold links two and four of
the chain of disease transmission thus
provides the most fegical basis for
desiznating it s riectious waste.

Types of Medical Waste

Sharps: The American Blood Re-
sources Association defines sharps as
“objects or devices having acute rigid
corners, edges, points or protuberances
capable of culting or piercing” (Ameri-
can Blood Resources Association, 1986,
p. 1). Based on the principles of dis-
ease transmission, the potential for
infection from contact with medical
waste sharps is significantly greater

than thai related to contact with non-
sharp waste. The greater potential is
due to the fact that sharps can create
a portal of entry whereas a portal
must exist prior to contact with non-
sharps for infection or disease to occur.

Cultures and stocks: These wastes
from pathological and medical labora-
tories have an especially high potential
for the transmission of infection. Lab-
oratory safety practices have becn es-
tablished for tour levels of protection
provided o personned, the envicon-
ment and the community, The lesels
consist ol combinations ol [abaratory
pracuces and technigues, safety equip-
ment, and laboratory facilities appro-
priate for the operations performed
and the hazard posed by the infectious
agents and for the laboratory function
or activity (U.S. Department of Health
and Human Services, 1988, p. 7). These
biosafety levels are presented in the
following table by ascending degree of
protection.

Summary of Recommended Biosafety Levels for Infectious Agents

Biosafety Practices & Techniques Safety Equipment

Facilities

] Standard microbio-
logical practices

None: primary containment  Basic
provided by adherence to

standard laboratory prac-
tices during open beunch

operations.
2 Level | practices Partial containment equip-  Basic
plus: Laboratory ment (i, Class | or 11
coats; decontamina-  Biological Safety Cabinets
tion of alf infectious  used to conduct mechanical
wastes; limited access; manipulative procedures
protective gloves and  that have high aerosol
biohazard warning potential that may increase
signs as indicated. the risk of exposure (o
personnel.
3 Level 2 practices Parnal containment equip- Containment
plus: special labora-  ment used tor all manipu-
tory <lothing; con- lations of infectious
trolied access. material.
4 Level 3 practices Maximum containment Maximum
plus: entrance equipment (i.e., Class III Containment

through change room biological safety cabinet or

where street clothing
is removed and

partial containment equip-
ment in combination with

laboratory clothing is  full-body, air-supplied,

put on; shower on
exit; all wastes are
decontaminated on
exit from the facility.

positive-pressure personnel
suit) used for all proce-
dures and activities.

{Source: U.S. Department of Health and Human Services, 1988, p. 10, emphasis added.)
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Types of Medical Waste

The followtng categories of wastes
should be segregated at the point of
generation for management as medi-
cal wastes:

1. Sharps that have been used in
animal or human patient care or treat-
ment or in medical, research, or indus-
trial laboratories Includes hypodermic
needles, syringes. scalpel blades and
hiood specemer subes: alsa pastoagr
prpettes and bioken oloss thar b
been exposed toantec ous agents bor
purposes ot disposa! the Occupaton:
al Safety and Health Administration
{OSHA) categonzes orthodontic e
as sharps.

2. Cultures and stocks of infectious
agents and associated biologicals. In-
cludes specimen cultures from medical
and pathological laboratories; cultures
and stocks of infectious agents from
research and industrial laboratories;
wastes from the production of biologi-
cals; and discarded live and attenuated
vaccines; culture dishes and devices
used to transfer, inoculate, and mix
cultures.

3. Bulk human blood and blood
products. Liquid waste human blood,
products of blood, 1items saturated
and with the potential for dripping
blood, serum, plasma, and other blood
components.

4. Pathological wastes Human tis-
sues, organs, body parts and body
fluids that are removed during surgery
and post mortem procedures, with the
exception of teeth. feces, excreta and
corpses and bodv parts intended for
interment or cremation,

5. Isolation wastes, Includes wastes
contaminated with blood. excretions
exudates, or secretions from sources
isolated to protect others from high-
Iy communicable infectious diseases
which are identified as viruses assign-
ed to Biosafety Level 4 by the Centers
for Disease Control.

6. Animal waste. Contaminated ani-
mal carcasses, body parts, fluids and
bedding of animals that have been
afflicted with suspected zoonotic dis-
ease or purposely infected with agents
infective to humans during research,
in the production of biologicals, or in
the in vivo testing of pharmaceuticals.
(State agriculture departments and
the U.S. Department of Agriculture



Unused sharps: There are several
reitsons for adopting a unitorm policy
tor atl sharps {(Reinhardt and Gordos.
1991, p. 38):

¢ Although uncontaminated sharps
are much less likely to cause disease
than contaminated sharps, there re-
mains the risk of physical injury (cuts,
scrapes, and needle sticks).

* Risk of infection accompanies phy-
sical injury by sharps, Faeaca serile

Ay desscarded e vl Pecomen
neestetile rom being e wasie

o Novone dikes 1o e siiich, and phy-
sical gury From sharps i~ unpleasani.

It i~ also disturbing to the thjured per-
son because of the tear of AIDS it
often evokes . ..

¢ A uniform sharps policy eliminates
decisionmaking because no one has to
decide whether or not a particular
sharp is contaminated.

¢ Training and management are
simpler, casier and more efficient when
all sharps are handled in exactly the
same way.

* Unilorm sharps handling means
universal use of sharps containers, a
practice that offers protection for all
handlers of sharps.

* A unilorm sharps handling poli-
¢y is consistent with public health con-
cerns about drug abuse and the reuse
of needles and syringes.

Low-Level Radiouctive Haste: Radio-
active waste I'rom medical institutions
is comprised of any waste containing
or contaminated with radioactive iso-
topes {radionuclides). Low-level radio-
active waste from institutions that use
radionuclides for in vitro or laborato-
ry testing or in amounts less than 200
uCi tand within specific radionuclide
limits) are exempt {from tederal regu-
farton and may be disposed of as solid
waste according 1o Nuclear Regulatory
Commission rules as set {orth in 16
CFR 31.1l (Reinhardt and Gordon,
1991, p. 163). The Federal fow-Level
Radioactive Waste Policy Act, amended
in 1985, requires each state to be re-
sponsible for providing disposal ca-
pacity for its own low-level radioactive
waste {Public Law 96-373.94).

Antineoplastics/cytotoxics: Cyvtotoxic
chemicals are hazardous pharmaceu-
ticals used in chemotherapy, and scven
such compounds are on the RCRA
“U” list of hazardous waste. Most can
reasonably be expected to be mutagen-
ic, teratogenic, and/or carcinogenic to

man and animals {Reinhardt and Gor-
don. 1991, p. 142), Wastes resulting
I'rom the use of these matenals {prod-
ucts of a process Or operation) are not
regulated Ibid.).

“Perhaps the wastes of most serious
concern are unused portions of source
containers (containers in which drugs
are supplied), expired drugs, and sur-
plus mixtares, whick typically have
Lweer quantities or higher coneentra-
Sons ol the driee. Chenticalls contaou-
patud wiste s also venerated. including
used needios and syerivges, tubing and
Bodtles used Tor itravenous admanistrg-
nop, empn drug vials and ampoules,
gloves aprons and disposable beneh-
top coverings [rom biological salety
cabinets. Needles, and perhaps some
other items, may be considered both
chemically contaminated waste and
infectious waste™ (I1bid.).

Antineoplastics generate three cate-
cories of wastes:

1. bulk contaminated materials, in-
rravenous solutions or containers whose
contents weigh more than 3 percent ot
the capacity of the container;

2. trace contaminated materials;

3. contaminated human excreta.

Cytotoxics “cannot be dispensed of
in bulk quantities in medical waste in-
cinerators without a RCRA hazardous
waste incinerater permit. It is also true
that these RCRA hazardous wastes
could not be ireated by most noningin-
cration treatment methods. Yet, given
that these substances are usually en-
countered as ‘trace’ contaminants,
rather than *bulk wastes, they are not
managed as RCRA hazardous wastes,
and can legally be disposed of with
other medical wastes™ (US, Congress,
Otfice of Technology Assessment,
1990, p. 13).

Chemical wastes: Chemical waste is
rezulated as hazardous waste it it ex-
hibits one of four characteristics: ig-
nitability, corrosiviry, reactivity or the
ability to produce toxic leachate in a
landfill. EPA defines the criteria for
these characteristics in Subpart C of
40 CFR Part 26l.

“EPA also regulates some chemical
wastes that are discarded commercial
chemical products listed in 40 CFR
261.33(e) as acute hazardous wastes
thaving hazardous waste numbers be-
gianing with P)orin 40 CFR 261.33(f)
as toxic wastes (numbered with U). . . .
The rules also cover residue remaining
in a non-empty container and debris

The Council of State Governments

Waste Characterization

regulations cover field situations and
exposures to other animals.}

7. Unused sharps. Hypodermic nee-
dles, suture needles, syringes, scaipel
blades. This category is included be-
cause of the risk of the item having
been used without the handlers’
knowledge and the added potential
for illicit use if these items are dis-
posed of as solid waste [n addition,
gnused ~haras have the potensal 1o
GO e DEVS G TUr, T imnroper
Fandhing

8 Lon-feve cadioectivewaste From
admrneenmy rachiopharmaceuticals
and periormung ouclear medicing pro-
cecdures and radio-immunology proce-
dures. These wastes, such as radioac-
tive sharps. are not under Nuclear
Regulatory Commission regulations.

9. Antineoplastic (cytotoxic, cytostat-
o) drugs. Trace contaminated materials
and contaminated human excreta that
are not handled as RCRA hazardous
wastes.

10 Smalfvolumes of chemical haz-
ardous waste. These are volumes that
are exempt from Subtitle C ot the
Resource Conservation and Recovery
Act. These wastes are products of a
process or operation involving the use
of hazardous chemicals.
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Waste Characterization

resulting from the cleanup of a spill.
. ... Wastes resulting from the use of
these materials (products of a process
or operation) are not regulated, such
as materials contaminated with a listed
chemical generated in the course of a
standard procedure” (Reinhardt and
Gordon, 991, p. 142).

Wastes with Multiple Characteristics:
Frequently, medical wastes generated
will fall into more than one of the ten
categories in the Guidelines, such ws
radioactive sharps. A hierarchy for as-
signing priorities 1o the waste charact-
eristics rhat present the greatest hazard
can assistin waste management decisions.

Principles for the Management of
Wastes with Multiple Characteristics
(adapted from Reinhardt and Gordon,
1991, p. 178, 179):

Page 4 Medical Waste Guidelines

1. Give priority to the characteristic
that presents the greatest risk.

a. Ascertain which hazards are
present in each waste.

b. Assess the relative degree of risk
present in each hazard.

c. Assign priority to the hazard
with the greatest risk,

d. Develop a management scheme
based on the relative degrees of
risk.

20 Sclkect treantment managament pro-
cednres that are compaiible with alf the
hazards present inrthe wiste,

3,10 possibie, select atreatment tech-
nigue chat will provide suitable treat-
ment for all the hazards.

4. If necessary, provide additional
treatment for eliminating the remaining
hazards.

fteins That Are Not Medical Waste:
According to the principles of infec-
tious disease transmission, mintmally
soiled items in contact with infectious
agents are probably not capable of in-
fectious disease transmission because
the potentially infectious materials will
be contained or confined in the waste
materials (U.S. Department of Health
and Human Services, 1990, p. 3.3). [T
these items become saturated with
hiood, exeretions, esudiales or sedretivis
coinlaining a sufhicient number of infec-
tiows agents, howeser, they would then
besimilar to materiabin the cultures and
stocks, bulk human blood and blood
products and antmal waste categories
and capable of infectious disease trans-
mission, provided an appropriate pot-
tal of entry is present in a susceptible
host {Ibid., p. 3.3- 3.4).



Although hospitals have been the
primary target of medical waste regu-
lations, they are not the only generators
ol medical wastes. Smail practices and
non-lfactlits sources such as illicit drug
daers huve alwo heen respoesible tor
Beach wasiv-ups and mismdanagenient
al medical wastes.

These incidents hare mitiared sericter
state and federal oversight of medical
waste management. Medical facilities
are the most casily identifiable sources
for regulation, but not necessarily the
worst offenders. Tighter control of
medical facilities has seemed to allevi-
ate some of the pubiic concern over
medical wasie issues, but there are many
other types of generators who need to
improve their management methods.

Types of Generators

There are many sources of medical
waste with a wide variation in the
amount of waste produced by each tvpe
of generaror. The range of potential
generartors includes:

Hospitals:
general medical and surgical
psychiatric
tuberculosis
other specialty
{obstetrics and gvnecology, eyve/
ear/nose/throat, rehabilitation)
Intermediate care facilities:
nursing homes
in-patient care facilities for the
developmentally disabled

Physician offices:

. GENERATION

Documentation

Dental offices

Laboratories:
medical
research
industrial
somimercidl Jtagnostic
biologies manulacturing
medicinal chemicals and botanical
productsy
pharmaceutical preparations
Funeral hontes
Veterinarians
Agricultural
Blood Banks

Clinics:

chronic dialysis

free clinics

community

employee

surgical

urgent care

abortion

drug rehabilitation

health maintenance organizations

general and family practice
internal medicine
pediartrics

obstetrics and gynecology
ophthalmology

orthopedic surgery

general surgery
dermatology

psvchiatry
otorhinolaryvngology

Animal Care:

urological surgery shelters
cardiovascular disease fur tarms
neucology breeders

experimentation units
Emergencv medical services:
ambulance services
Hospices
Household/Home Health Care:

health care providers
self care

Health units in:

industry

schools

correctional facilities

fire and rescue services
Medical and nursing schools

Hlicit drug users
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Generation

The U.S. EPA reports that the vast
majority of regulated medical waste
(about 77 percent) is generated by hos-

pitals. However, hospitals comprise less
than 2 percent of the total number of
generators (U.S. EPA May 1990, pp. [-3).

Generator Quantities as Percents of Total Regulated Medical Waste and
Generator Types as Percents of the Total Number of Sources

Percent of Regulated

Generator Tvpe

Hospitals

Long-term Health Care Facilities
Physicians” Orices

Clines

Laboratories

[Dentists” Oltices

Veterinarians

Funeral Homes

Free-Standing Blood Banks

Medical Waste Percent of
Generated Generators
TN |.XN
6,30 3.36
67 47740
R 4.1
RIR1| 114
1.63 26.08
99 10.07
84 541
52 .24

Calculated trom S, Enviconmental Protechon Agency, May 1990, Table 1-1 p. 13
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Small Generators

Most states specily that only entities
generating over a certain amount of
medical waste per month are subject to
state regulations. In their definitions of
medical waste “‘generators” many states
exempt small generators, e.g., sources
who generate between less than 50 and
220 pounds (100 kilograms) per month.

The American Hospital Association
recommends hasing niedical waste regu-
Frions on e propertios o winie taiiey
than the ~ize of the enny that generiates
i CBurean of Natonal Nrtakes, frrtecsion
Huste: Fhe Compleie Revource Gunde,
oK ae po 13 i Stewart, et all, 198y,
p. V1.28). Likewise, these Guidelines are
directed 1o all generators of medical
waste unless otherwise indicated.



Public Education

fncreases in medical waste from
residential sources is attributable to a
number of changes in and outside of
the health care delivery system. The
Agency for Toxic Substances and Dis-
gase Registry reports that the number
of injuries refuse workers sustain from
sharps in residential solid waste is in-
creasing. This trend appears to coincide
with rthe incregsing (rend o in-home
neabtin cars tLS, Deparimens o Health
and Social Services, 1998, p. 6.2).

Thiere are several trends that have
increased  the amoanr ol medical
wanle emanating irom unregulated
sourees:

1. Hospital patients are released on
an out-paticnt basis sooner and more
frequently. They are often prescribed
with medical supplies for setf-care at
home.

2. The use of disposable items has
increased the volume of medical waste
entering the solid waste stream from
private homes. The American Diabetes
Association estimates that diabetic
patients generated one billion used
syringes in 1987, assuming that the
syringes were not reused (U.S. Depart-
ment of Health and Social Services,
1990, p. 6.2). :

3. Many one-time use items are avail-
able over the counter for small live-
stock operations and other business or
non-protit entities that do not come
within the jurisdiction of regulated
generators of medical waste.

4, lacreases in the users of illicit in-
travenous drugs are another source of
unregulated medical waste. The Nation-
al Institute on Drug Abuse estimates
that there are berween .1 mitlion and
(.3 milhion illicit 1V drug users nation-
wide (U.S. Department of Health and
Soctal Services, 1990, p. 3.22).

[nits 1990 report to Congress on the
public health implications of medical
waste the Agency for Toxic Substances
and Disease Registry recommended
that “guidelines for in-home health
care medical waste management should
be developed by relevant government
and private-sector organizations. As
much as possible, these guidelines
shoutd also address the management
of other sources of non-regulated medi-
cal waste. These guidelines may assist
in alleviating the negative environ-
mental impact of this waste stream™

(U.S. Department of Health and So-
cial Services, 1990, p.14).

The imposition and enforcement of
state or federal regulations on indi-
viduals in their homes would be an
impossible task. Likewise, local or-
dinances for trash separation and col-
lection and use of sewage systems
would encounter difficulties in en-
forcement. The Rockefeller Institute’s
NMedical Waste Poliey Committee
recommends. mstead. o combination
ot local ordinances, patient ecducation.
and economic ingentives:™

“ he local ordinance would set (orth
spectlic duties such as separation and
containment ¢f sharps and disposal to
avoid burdensome duties. A model or-
dinance could be developed to guide
municipalities, just as model ordi-
nances have been used to deal with the
disposal of household toxic wastes
(e.g. pesticides, paints).

. .. patients at home must also be
educated as to proper disposal of their
medical wastes. . .education by the
patient’s physician or hospital staff at
the time of discharge to home health
care is likely to more focused and ef-
fective,

*Finally, economic incentives could
be designed to further assure that pa-
tients comply with local ordinances
and the guidances they have received
from their physician and hospital. For
axample, a ‘deposit-refund system for
containerized wastes’ could be insti-
tuted” (Stewart, et al., 1989, p. VI
29-30).

“Perhaps most importantly, the pub-
lic needs to understand the infectious
waste management process and the
fact that proper and safe management
is possible. They need to feel confident
that their health and environment are
not threatened by infectious waste.
The aesthetic and emotional concerns
surrounding this issue are perhaps
areater than any real hazard. Through
a combination of public education and
prudent management, this emotionally
charged issue can be defused” {Cahaii
and Caquelin, 1989, p. 45).

The state of Washington is currently
conducting a U.S. EPA-funded project
to identify reasonable methods for
home health care medical waste dis-
posal. The study in concentrating on
the handling of sharps.

The Council of State Governments
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Public Education

Education of the public, especially
small generators such as home health
care users of medical products, can
greatly expedite the management of
medical waste.

Educational efforts should:

1. Provide the public with an under-
standing of the medical waste manage-
ment process and the fact that proper
and safe management s possible,

2 nronm medical waste venerators
of sate and proper methods of dis-
poOsal,

I ointorm persons who use syringes
orsunilar items in the home (e g. dia-
hetics, et¢.) as to ways in which they
canreduce or eliminate hazards that
may occur through improper disposal
of these items

4. Distribute pamphlets and admin-
ister on-site training programs designed
to assist waste handlers in identifying
potentially infectious waste as a limit-
ed subset of the composite medical
waste stream;

5. Make employees within health
care facilities aware of the potential
hazards that exist and train them to
handle them. They also need to know
that just because something is thrown
away, it does not suddenly disappear
Waste material can pose threats to
both workers and the general public.
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Generation

Minimization

The shift 1o the use of disposable
products lor health care and the imple-
mentation of universal precautions has
significantly increased the quantity of
medical waste generated. The growth
in the use of disposables in health-care
settings is attributable to a number of
converging factors in recent decades.
These include:

. Inereased concern over infection
contral;

2. Decreased arailable nurang siat!
(and a need to provide more expedien
treatiment and more consenient clin-
cal practicesk

2, Inereased cost of iwalth-care labor
tand concern over the time needed to
handle and sterilize reusable items),
and

4, Consideration of disposables as
part of the general solid waste stream
of the health-care facility (with, in the
past, resultant low cost for handling
and disposal) (U.S. Congress, Office
of Technology Assessment, 1990, p.
2.

“One widely held presumption is
that the use of disposables is impor-
tant from the perspective ot infection
control. . .

“Yet, infection control studies do
not indicate a constant and consistent
reduction in nosocomial infections
where disposables replace reusable
products” (lbid.. p. 22).

The quantity of wastes requiring
special handling can be greatly reduced
by an understanding and recognition
of which wastes are medical wastes
and must be segregated and which
wastes can be managed as solid wastes.
Separation of items that are returnable,
reusable with or without cleaning, sani-
tizing or sterilization or are recy¢lable
tor purposes of reprocessing can fur-
ther reduce the total volume of waste
generated.

Reuse techniques involve cleaning
and.‘or disinfection that does not sig-
nificantly aftect the waste’s structural
integrity and subsequent reuse. Recy-
cling involves substantial reprocessing.

Page 8 Medical Waste Guidelines

“Before treatment™ approaches to
waste presention and materials man-
agement can reduce the amount of
material that enters the waste stream.

“Lessons from the management of
other waste streams, notably hazard-
ous waste and municipai solid waste,
indicate that a sound control strategy
for waste management follows the
basic steps of characterizing the waste
stream in light ol different treatment
AHCTIIAN Os, AU red il ing ~omme wistes
o faahitaie manazement based on
these charactensues, and JTooking up-
s’ to Jdiscover any opportumtes
to reduce the volume and or oxicity
of wase” (LS. Congress, Offige of
Technology Assessment, 1990, p. 19).
Retse:

“Reprocessing or reuse of single-use
medical devices raises a number of
techaical. economig, ethical, and {egal
issues. The presence of residues from
the reprocessing could affect the quali-
tv of a patient’s care; the health care
facility may be concerned about poten-
tial liablity from reusing the device;
devices that were not designed for
multiple uses could fail when reused,
and there may be inadequate or non-
existent quality controd for the sterili-
zation procedures used (U.S. Environ-
mental Protection Agency, May 1990,
p. 12.2).

.. .the practicality of reuse, given
liability concerns and standard opera-
ung procedurey for a particular health-
care facility, may preclude reuse of
particular medical items at an institu-
tional level. Certain disposable items
though are advaniageous over reusable
items for sarious reasons including
controtling infection, saving labor costs
Tor processing, and minimizing expos-
ure to hazardous chemicals used in
chemival sterilization processes. The
use (and reuse) of disposables can be
considered on an item by item basis, in
light of how they will be used. includ-
ing consideration ol infection risks and
ather tactors associated with those
risks™ (L.S. Congress. Office of Tech-
nology Assessment. 1990, p. 20).

Minimization

[ he mimimization of medical waste
can be accomplished through reuse,
recycling and source reduction. Mini-
mization techniques include:

* waste audits that emphasize char-
acterization of the waste stream,

s development of a ptan delineat-
ing necessary segregation techniques,

¢ educationitraiming of the emplov-
vivs OF thiee health-c geo paciliny

® e INark NG e oo et
bl g comtaimers tor wezneaalion

At VIR

sl W sies By enc oy

Source Reduction

I henatlowing source reduction or
prevention technigues can reduce the
toxicity or quantity of discarded prod-
ucts before the products are purchas-
ed, used, and discarded

1. Manutacturers can consider waste
issues in designs of current and planned
medical and health-care products and
their packaging.

2. Consumers of medical and health-
care products (e g . hospitals) can di-
rect their purchasing decistons, prod-
uct use, and the discarding of products
toward waste reduction goals.

3. Improvements in materials man-
agement practices can eliminate over-
purchasing items with a limited shelf
life or storage or handling practices
that cause materials to be less useful

3 Toxics such as cadmium in medi-
cal products (pigments in red bags. in
batteries and some plastics) or PAC
plastics can be replaced with less toxic
materials such as non-chlorinated
plastics.

5 Materials can be used that are
safer to burn, that reduce incinerator
emissions or have higher heat recovery
potential or are more biodegradable

Laboratories can implement the rol-
lowing practices to minimize medical
waste production (National Research
Council, p.43)

6. Researchers can plan experiments
and select reagents that minimize the
production of mixed waste.

7. Experimental design may be modi-
fied such that the wastes are generated
separately and in minimal volumes
Microscale techniques are now avail-
able for most experimental procedures.

8. When feasible, consider substi-
tuting less hazardous materials.

9. Make appropriate waste contain-
ers available at the work site to ensure



Source Reduction:

The two tundamental characteristics
ol wastes that are the focus of reduction
efforts are:

1. Toxicity, i.e., eliminating or finding
benign substitutes for substances that
pose risks when they are discarded.

“The difficulties inherent in managing
wastes with multiple hazards make it im-
portant {0 optimize waste management
by minimizing the production of multi-
hazardous wastes, Certain polivies and
activiies will help to achicve this:

i DO RO NUN waste streams,

b. Promote substitution policies,

¢. Reduce the quannties of multihaz-
ardous wastes gencerated.

d. Identify sources of multihazardous
wasles.

e. Store wastes tor decay of radicac-
tivity or until disposal options become
available” {Reinhardt and Gordon, 1991,
p. 180).

2. Quantity, i.e., changing the design or
use of products to minimize the amount
of waste generated when they are dis-
carded.

Waste Management Plan

Small generators of medical waste may
not require a written waste management
plan. However, home self health care
providers should be knowledgeable in the
proper packaging and disposal of their
medical wastes, Professional home health
care providers and other small generators
should be trained in the proper handling
and transport of medical wastes gener-
ated in the course of their duties.

convenient and correct segregation
and labeling of the waste,

Waste minimization techniques
can be implemented in all depart-
ments of health care facilities. The
identification and segregation of
materials that are not medical waste
for inclusion in the solid waste
stream can reduce the special costs
and handling associated with the
transport and treatment of medical
weates Addinonal segresation for
revsable and recve lableatems can
turther reduce the amount of waste
destined tor disposal Selection ot
items for purchase that are reusa-
ble, recyclable or of low toxicity
will expedite waste minimization
efforts later in the waste handling
process.

Waste Management Plan

The medical waste management
plan s central to any medical waste
management program. The plan
should define all medical wastes
handled by the facility, those re-
sponsible for their management, and
procedures tor handling them from
the point of generation through dis-
posal.

Each medical waste generator
should prepare a written manage-
ment and operations plan outlining
policies and procedures for the safe
and effective management of medi-
cal waste. The plan should be re-
viewed and updated as necessary.
This plan should include the fol-
lowing elements:

¢ compliance with applicable
regulations

¢ department and individual re-
sponsibilities; listing of infection
control, environmental control and
housekeeping personnel

Generation

® hours and days of operation
at the facility and the number of
convevyances delivering biomedical
waste that are expected daily and
that can be accommodated daily
* procedures for medical waste
identification
* a description of the medical
waste handled by the facility in-
cluding type and volume
® waste minimization procedures
® Logresation
* packaging
¢ Storage
* rransportation miethods
® treatment methods
® treatment momitoring records
¢ disposal methods
* the transporters and disposal
acilities that will be used
* contingency planning
* procedures for spill response
® a general inspection schedule
tor the facility
® staff training and safety
¢ record keeping for waste that
has been treated on-site
* record keeping for waste trans-
ported off-site for treatment and.or
disposal
® the generator’s system for dis-
tinguishing between treated and
untreated wastes
The policies and procedures por-
tions of all waste management plans
shouid be availabie for public in-
spection. The entire waste manage-
ment plan should be available to
public health and environmental
officials, transporters and treatment
and destruction tacilities. Facilities
should consider the advantages of
making their entire \w aste manage-
ment programs available to the
public since public support and
ehmination of public fears is criti-
cal for conducting business.

f
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Generation

Operation

Segregation: With minimal segrega-
tion, items such as patient care dispos-
ables and even leftover food could be
treated the same as blood or sharps.
Thus, the volume of waste that could
be treated as medical waste is poten-
tially much larger than if these items
are separated at the point of genera-
tion.

£ the waste containers are clearly
labeled 1o designare medical from
solid waste items, haulers and treat-
ment and disposal facibities can casily
wdentity the type oF waste, Fl the waste
15 not clearly identified, waste handlers
have little way of determining its infec-
tious potential and must therefore
treat all of the wastes as medical waste.
Segregating medical waste that is not
potentially infectious and handling it
as ordinary solid waste can greatly
reduce the volume and expense of
medical waste treatment and disposal.

Containment: “Proper packaging
of infectious waste breaks the disease
transmission chain at the third link —
by denying infectious agents a mode
of escape from their growih reservoir.
ff che infectious organisms cannot €s-
cape from their reservoir, then they
cannot gain access to a susceptible
host and induce disease {Minnesota,
1988, p. IV.2).

ASTM {American Society for Test-
ing and Materials) has devetoped a
dart test for assessing plastic bag
thickness and/or durabitity for use as
medical waste packaging. The test is
the “Standard Methods of Test for Im-

Y S T

pact Resistance of Polyethylene Film
by the Free Falling Dart Method,
Standard of the American Society for
Testing and Materials Designation D
1709-67, Method B”

Storage: Two types of facilities can
increase the efficiency of medical waste
trucking by combining medical wastes
for transport to treatment facilities:

1. Transfer stations provide an in-
termediate point at which medical
waste haulers can combine small loads
ol medical waste lor further transport
to treatment facilities. State storage
and ransportation reguirements usual-
ly apply to these stations.

2. Collection stations provide a point
to which small generators can bring
their medical wastes for pickup by a
transporter. These stations may not be
as tightly regulated as transfer stations.
The state of Texas regulates facilities
in less populated areas that serve as
collection points for generators who
generate less than 50 pounds per
month of waste and who transport
their own waste.

The state of New Jersey is consid-
ering collection station regulations
which include limiting the amount of
medical waste that could be on-site at
the station at a time and the length of
time that it could reside there. The
stations would register as non-com-
mercial transporters. The state would
allow storage of the wastes on trucks
while at the collection station. unlike
at transfer stations. Proper packaging
and storage should apply to these sta-
tions and to the trucks that utilize
them.
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Operation

The clear designation and contain-
ment of medical waste at the point ot
generation for special handling and
specific safety procedures for waste
handlers to follow helps to ensure the
protection of health care personnel
and the public from exposure to infec-
tious or unaesthetic materials. Proper
management of generating sites expe-
dites the transier and treatment of
medical wastes The quality o hund-
ling is affected by the design ob weste
contamers and storage areas This <ive-
tion discusses the seeregation contan-
ment, labeling and storage of med.cal
wdstes.

Segregation

Segregation 1s the initial and crucial
point in the waste handling process
that determines the amount of waste
and type of treatment to which it will
be subjected in the ensuing waste
management process.

1. Designate medical waste as soon
as practical at the poiatitime of origin.

2. Separate medical waste from
other solid waste (e.g., paper, garbage
items).

3 Separate sharps.

4, Separate other medicai wastes
designated for on-site treatment from
those intended for off-site treatment

5. Separate wastes intended for re-
cyvcling.

6. Segregate according to treatment
method and packaging suitable ror
that method:

a. liquid

b. sharps

c. non-sharpsolid according to
heat value, moisture content and
biological and chemical compo-
sition

7 Provisions should be made ror
separating medical waste with mul-
tiple hazards (e g . radioactive sharps)
when additional or alternative treat-
ment is required.



Handling

The following handling techniques
can assure the safety and protection
of personnel from injury and the in-
tegrity of waste containers:

1. Untreated medical wastes shouid
only be compacted if the compac-
tion takes place in a closed chamber
which eliminates the possibility of
exposure to infectious agents through
aerosols

2 Medical wastes should not be
transterred through chutes or dumb
waiters. Collection by gravity or
pneumatic chute can also result in
the forcing of contaminated air down
the shatt and horizontally into other
outlets located elsewhere in the
building (e.g . nursing stations and
other chinical areas).

3 Carts used to transfer wastes
within the facility should bhe fre-
quently disinfected. They should not
be used for other materials (e.g., food
service, patient baggage transfter) pri-
or to decontamination

Contatnment

The structures that are used ror
the containment of medical wastes
during storage. transport, treatment
and disposal can reduce the probabih-
tv of the transmission of infection. In
addition. proper containment of medi-
cal waste protects workers from
physical injury. reduces the possibili-
tv of unaesthetic appearances, and
greatly expedites the waste handling
process.

1. Clearly marked, easily accessi-
ble containers for each type of waste
will encourage optimal segregation

2. The containers should be locat-
ed in the immediate area of use

3 These containers can include re-
cvclables and reusables within the
scone of hospital infection control
policy and liability concerns, as well
as medical and solid waste categor-
ies.

4. Too many containers can con-
fuse and discourage health care per-
sonnel from attempting to properly
designate the various wastes. Too few
comtaess resaltin afl wastes being
dostienated vea e contly and maors-
mvalved pron ess necessary tor oniy
cerbann l\'IH"\ O AW aslis

5 Replace the contamers routing-
v and dont aifow them to become
overhilled.

6. Seal all bags by lapping the
gathered open end and binding with
tape or closing device such that no
liquid can leak

7. If the outside of the bag is con-
taminated with body fluids, use a
second outer bag. Use of double
plastic bags tor liquid waste is rec-
ommended

8. {f containers are to be reused for
medical waste storage, handling or
transport, thoroughly wash and de-
contaminate them by an approved
method each time they are emptied,
unless the surfaces of the containers
had been protected by disposable
liners, plastic bags or other means
which are removed and disposed of
with the waste. Include agitation
(scrubbing) in the cleaning process to
remove any visible solid residue, fol-
lowed by disinfection.

9. Enclose and store incinerator
ash in tightlv lidded containers or
sturdy plastic bags or contain it in
such a way that waste transport
workers will not be exposed to inhal-
able dust or spill when transterring
the ash.

10 Select packaging materials that
are appropriate tor the type of waste
and treatment process. Use packag-
ing that maintains its integrity dur-
ing storage and transport.

11. Don't use glass containers as
primary containers for transporta-
tion of medical waste. Place glass
containers into a rigid or semi-rigid.
leakproof container and protect from
breakage.

12 Use plastic bags that are imper-
vious to moisture, puncture resistant,
and distinctive in color or markings.

The Council of State Covernments
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13 Reusable containers should be
constructed of erther heavy wall
plastic or nancorrosive metal. Don’t
use these containers for any other
purpose, unless they have been
properly disinfected and have had
medical waste symbols and labels
removed.

14. Support heavy materiais in
double-walled corrugated fiberboard
Hovess or eguitalent rigid contamers

15 Place hingond pourable wastes n
ivak-proot, ngid. punciure resistant,
break resistant contamers, capped or
tiehtlv stoppered bottles or rlasks.

16 Place needles, syringes, break-
able items and other sharps in a plas-
tic vial or puncture-resistant box
before they are placed into the bag.
Needies should not be clipped or
recapped by hand. Syringes should
not be crushed

17. OSHA Instructions specify the
following recommendations for an-
tineoplastic drug wastes (OSHA In-
struction PUB 8-1.1, Office of
Qccupational Medicine, p. A-14, A13);

a. Place antineoplastic drug wastes
in sealable plastic or wire-tie bags of
4-mil-thick polyethylene or 2-mil-
thick polypropylene, labeled with a
cvtotoxic hazard label and colored
differentlv from other hospital trash
bags. Use these bags tor the routine
accumulation and collection of used
containers, syringes, discarded gloves,
gowns, goggles, and anv other dis-
posable material.

b. Place needles, syringes and
breakable items in a plastic vial or
puncture proof box berare they are
placed into the bag. Don't clip or cap
needles or crush svringes.

c. Keep the bag inside a covered
waste container clearlv labeled “cy-
totoxic waste only.”

d. Locate at least one such recep-
tacle in every area where the drugs
are prepared or administered so that
the waste need not be moved from
one area to another. Seal the bag
when it is rilled and tape the carton

Labeling

Each container to be transported
off-site should be clearly marked
as medical waste immediately after
packaging. The label or tag should
also identify the generator, trans-
porter and date of shipment.
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1 Label medical waste to be trans-
ported off-site immediately after
packaging. The label should be se-
curely attached to the outermost
container and be clearly legible. The
fabel may be a tag securely affixed
to the package by string, wire, adhe-
sive or other method that prevents
loss or unintentional removal.

2. Use indelible ink to complete
the information on the label The
label should be at least three inches
by tive inches in size The lettering
for “‘medical waste’ should be no
less than one inch in height. The
wording should be readily visible
from any lateral direction when the
container i1s upright.

3. Include the following informa-
tion:

a. The name, address, business tele-
phone and state permit or identifica-
tion number (if applicable) of the
generator,

b. “Biomedical Waste” or “Medical
Waste” in large print;

¢. The name, address, business tele-
phone and state permit or identifica-
tion number (if applicable) of all
transporters, treatment facilities, or
other persons to whose control the
medical waste is transferred. License
number of transporters shall be pro-
vided if applicable;

d. The international biohazard sym-
bol;

e The date upon which the medi-
cal waste was packaged.

4 Label treated medical waste
with the following information:

a. The name, address and business
telephone number of the generator;

b. The date upon which the medi-
cal waste was treated;

¢. Treatment method utilized;

d. Statement indicating that the
waste has been treated and is no
ionger medical waste.
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Storage (Prior to treatment)

Mecdical wastes may need to be
stored on-site until a large encugh
quantity is accumulated to warrant
treatment at the facility or until col-
lection for transport to an off-site
treatment facility is scheduled. Treat-
ment system malfunction or staff
shortages may also necessitate stor-
age of waste. In addition, intermedi-
ate storave facilities may be neces-
SAry enroute to orksite factlities
Raral areas may tind that the use of
transfer or collection stations expe-
chites proper management hy small
generators All storage areas or units
should be well secured to discourage
access of drug users to needles and
animals to organic matter (i.e, body
parts) contained in the waste.

The following conditions apply to
storage, transfer and collection sta-
tions:

1. Store medical waste in a specifi-
cally designated area located at or
near the treatment site, or at the
pickup point if it must be transport-
ed off site for treatment.

2. All areas used to store medical
waste should be durable, easily
cleanable, impermeable to liquids,
and protected from vermin and other
vectors.

3 Keep all storage areas clean and
in good repair.

4. The manner of storage should
maintain the integrity of the contain-
ers, prevent the leakage of waste
from the container, provide protec-
tton trom water, rain, and wind, and
maintain the waste in a nonputres-
cent, odorless state.

5. Don't use carpets and tloor cov-
erings with seams in storage areas.
The fleor should be impervious to li-
quids with a perimeter curve. The
floor should be sloped to drains con-
nected to an approved sanitary dis-

posal system.

6 Provide the room with exhaust
ventilation.

7. For security reasons, limit access
to the area to those persons specifi-
cally designated to manage medical
waste.

8. Post such areas prominently with
the universal biohazard symbol and
with warning signs located adjacent
to the exterior of eniry doors gates,
or lids mdicating e o1 e area tor
storace of medhcal saste and deny-
ine entry to unauthorized persons.

9 Treatment facilities should not
store more than sewen times the ta-
cility’s total throughput capacity.

10. Maintain storage areas, includ-
ing vehicles, at a temperature so as
to control odors and to prevent con-
ditions that will lead to putrefaction.

11. Duration:

a. Storage time should be mini-
mized;

b. Time in transit shall be consi-
dered as time in storage;

¢. Storage requirements begin once
the container is no longer being
filled.

12. OSHA specifies that antineo-
plastic wastes that are to be picked
up by a commercial disposal firm
must be held in a secure area in cov-
ered, labeled drums lined with 6.3-
mil polyethelene liners.

13. Collection or transfer stations
should submit the roliowing infor-
mation to the state division of solid
waste management:

a the name and address of the
facility;

b. the name of the individual re-
sponsible for the operation of the
facility;

c. the license number of the facil-
ity

d. the area to be served by the fa-
cility.



Monitoring and Record Keeping

[n {Hlinois generators of medical
waste who treat such waste must keep
and make available records: (1) of any
required spore assay tests; (2) describ-
ing the approximate amount of waste
treated; and (3} which demonstrate
proper operation of treatment equip-
ment. These requirements may be met
through compliance with hospital li-
censing record keeping reguirements.,
as long as the mlormanon is adequate
Lo satisly the three requarements above
i MeDowell, 1990, p.341

Truining

Although the intent of this docu-
ment is for the management of medical
waste, the safery and health of those
who handle these wastes is certainly a
related issue. Waste handlers are not as
susceptible to injury or disease from
medical wastes as are healthcare work-
ers who routinely handle medical ma-
terials before and during medical pro-
cedures as well as after it enters the
wastestream. But, the same safety pre-
cautions that are prescribed for medi-
cal personnel ¢can be applied to anyone
who handles medicai wastes.

Of particular interest are the stan-
dards currently under development by
OSHA to protect workers from occu-
pational exposure to blood-borne dis-
eases. Until the final regulations are in
place, the requirements of OSHA In-
struction CPL 2-2.44B on the inspec-
tion of healthcare facilities entitled
Entorcement Procedures for Occupa-
tional Exposure 10 Hepatitis B Virus
{HBV) and Human Immunodeficien-
¢y Virus (HIV) provide safeguards for
healthcare workers who may be occu-
pationally exposed to blood-borne
pathogens. Occupational exposure is
defined as ‘“‘reasonably anticipated
skin, eve, mucous membrane, or pa-
renteral contact with blood or other
potentially infectious materials that
may result from the performance of
an employee’s duties™ (American Den-
tal Association, 1990, Infection Con-
trol-p. 9).

The instructions recommend train-
ing “high risk workers” (those who are
at routinely increased exposure to body
fluids from potentially infected pa-
tients) in the use of universai precau-
tions. Universal precautions refers to
a system of infectious disease control
which assumies that every direct con-
tact with body fluids is infectious and

Monitoring and Record Keeping

Cenerators of medical waste that
is to be transported to a treatment fa-
cility should maintain records of the
types of wastes being transported,
the method of treatment, the desig-
nated treatment facility, and the
transporter. Such records provide lia-
bility protection to the generator as
well as documentation of good waste
management practice,

Geoenerators who treat waste on-site
should keep available records on file
at the generator [acation (V) of spore
assay tests, (21 describing the approxi-
mate amount of waste treated; and
(3)ywhich demonstrate proper opera-
tion of treatment equipment.

Compliance with OSHA Instruc-
tion CPL 2-2 44B and other OSHA
regulations may require records for
each emplovee that contain the cir-
cumstances of any exposure inci-
dent, including date, location, nature
of the incident and the name of the
person who is the source of the med-
ical waste. These medical records
must be kept confidential except for
disclosure or reporting required by
OSHA or by law.

Training

Training of personnel who handle
medical waste at the site of genera-
tion will help to ensure immediate
and accurate identification and
segregation of wastes and safe and
effective handling procedures.

Training should include the fol-
lowing components:

1. Explanation of waste manage-
ment plan.

2. Assignment of roles and respon-
sibilities ror implementation of the
plan.

3. The epidemiology, modes of
transmission and prevention of HIV
and HBV.

4. Possible risks to the fetus from
HIV, HBV and other infectious agents.

5. The location and proper use of
personal protective equipment.

6. Proper work practices and “'uni-
versal precautions.”

7. The meaning of color codes, the
biohazard symbol and precautions
to follow in handling contaminated
articles or medical waste.

8. Procedures to follow if a needle-
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stick or other exposure incident oc-
curs.

9. Waste minimization procedures.

10. Training should be implement-
ed when management plans are first
developed and instituted, when new
employees are hired, and whenever
management practices are changed.

Contingency Planning

Medical waste generators should
b prepared ror unexpected suua-
tions such as accidental spills. loss or
containment, exposure. equipment
failure, and interruptions or delays
in waste collection services that may
require the use of alternative facili-
ties. Procedures for handling these
incidents should be formulated and
disseminated to waste handlers

Equipment and procedure for re-
sponse to large spills of medical
waste should inciude the following
items. Small generators may handle
only specific types and volumes of
medical waste. They may select
equipment that is adequate to han-
dle these waste types and amounts.

1. Management of spills of medi-
cal waste.

All medical waste management
facilities should keep a spill contain-
ment and cleanup kit within the vi-
cinity of any area where medical
wastes are managed. and the loca-
tion of the kit shall provide for rapid
and efficient cleanup of spills any-
where within the area. The kit should
consist of at least the following
items

a. material designed to absorb
spilled liquids. The amount of absor-
bent material should be that having
a rated capacity of one gallon of li-
quid for every cubic foot of medical
waste that is normally managed in
the area for which the kit is provid-
ed or ten gallons, whichever is less
For vehicles transporting medical
waste, the amount of absorbent
material should be rated to absorb
ten gallons.

b. one gallon of hospital grade dis-
infectant in a sprayer capable of dis-
persing its charge in a mist and in a
stream at a distance sufficient to pre-
vent contact of the worker with the
spill or splashing from the spravyer.
The disinfectant should be hospital
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requires every employee exposed to
dircct contact with body fluids to be
protected as though such body fluids
were HBV or HIV infected. The pre-
cautions are intended to prevent health
care workers from parenteral, mucous
membrane, and nonintact skin expos-
ures to blood-borne pathogens (U.S.
Department of Labor, 1990, p.4).

Of particular importance to waste
handlers, OSHA requires the imple-
mentation of specitied housekeeping,
waste handling and labeling proce-
dures and provision of training pro-
grams lor emplovees and maintenance
of certain reeords.

As ol 1990, 23 states and (wo terri-
tories have been approved 1o operate
their own occupational safety and
health plans. These plans must en-
force standards for occupational ex-
posure to blood- borne pathogens that
are “at least as effective” as the federal
standard (American Dental Associa-
tion, 1990, Infection Control-p. 6).
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grade and effective against myco-
bactersa

¢. enough red plastic bags to dou-
ble enciose 150% of the maximum
load accumulated or transported,
that meet the ASTM 125 pound drop
weight test and are accompanied by
sealing tape or devices and labels
or tags These bags shall be large
enough to overpack any box or
other container normally ased taor
medic al saste manazemoent by Lot
facthin

o wo newy sets of iguid impermee-
ableand disposable overalls, gloves,
boots, caps and protective breathing
devices Overalls, boots and caps
shall be oversized or fitted to mel-
ical waste workers and be made of
materials impermeable to liquids.
Boots may be of thick rubber and
gloves shall be of heavy neoprene or
equivalent. Boots, gloves and breath-
ing devices may be reused if fully dis-
infected between uses Tape for
sealing wrists and ankles shall also
be in the kit.

e a first aid kit and boundary
marking tape.

2. Containment and cleanup pro-
cedures:

a Leave the area until the aerosol
setties (no more than a few minutes
delayl.

b. The cleanup crew will don the
cleanup outfits described above and
secure the spill area.

c. Spray the broken containers of
medical waste with disinfectant.

d. Place broken containers and
spillage inside over pack bags in the
kit, minimizing exposure.

e Disinfect the area and take
other cleanup steps deemed appro-
priate.

f. Clean and disinfect cleanup out-

fits before removing.

g Remove cleanup outrits and
place disposable items n cleanup
bag.

h. Collect and hardle all spill
wastes as medical waste.

i Take necessary steps to replen-
ish containment and cleanup kit
with items used.

3 Exceptions for small spills mav
b ol lonveed,

4oNternative arrangements Cor
Wwoste storace and treatment shons i
be orovided tor i the ovent of ey,
thens bailare

3 Lxposure incdents.

OSHA defines occupational ex-
posure as reasonably anticipaied
skin, eye, mucous membrane or par-
enteral contact with blood or other
potentially infectious materials that
may result from the performance of
an employee’s duties.

OSHA Instruction 2.44B on occu-
pational exposure to bloodborne di-
sease recommends the following pro-
cedures to insure compliance with
OSHA inspections:

a. For any persons exposed to a
medical waste spill who consents and
so desires: collect a blood sample as
soon as possible atter the exposure
incident for the determination of
HIV antibody status.

b Advise the exposed individual
to report and seek medical evalua-
tion of any acute illness accompa-
nied by a fever that occurs within 12
weeks of the exposure incident.

c. Offer retesting for HIV antibody
to individuals who are seronegative
at 6 weeks, 3 months, and 6 months
after the exposure incident.

d Produce a rollow-up report on
whether any infection due to expos-
ure actually occurred.



[Il. TRANSPORTATION

Medical waste that is not treated
at the site of generation must be
transported to a treatment or dispos-
al racility. The remainder of waste
fi.e, treatment residues or treated
waste) thal has been treated on-site.
such as incmerator ash or autoclaved
w.aste, must ofill be hauled to a per-
manent dispasal racility. Proper man-
agenent al this stage of the treat-
ment process will ensure accounta-
bility for proper containment and
handling of the material until its
tinal destination.

In the selection of a waste hauler,
the generator may want to obtain the
following information: the size of the
hauler’s operation, state permits or
operator’s licenses, how long it has
been in business, truck type, securi-
ty measures and worker safety pre-
cautions or the details of the waste
management plan, if the company
indemnifies the generator {e.g, ex-
empts from loss or damage) for its
mishandling of the waste, and if the
hauler will provide documentation
needed for compliance with federal,
state or local regulations.

Waste Management Plan

The transporter’s waste manage-
ment plan should contain policies
and detailed procedures for the safe
and effective management of medi-
cal waste and should provide for
contingencies in emergency situa-
tions The policies and procedures
portions of the plan should be avail-
able to the public. The entire plan
should be available to public health
and environmental officials.

A commercial transporter in charge
of a business that transports medical
waste should prepare a management
plan for the medical waste handled
by the commercial transporter. The
plan should describe the following
items to the extent the information
is applicable to the commercial
transporter:

1. The type of medical waste that
the commercial transporter handles;

2. The transportation procedures
for the medical waste that will be
followed:;

3. The disposal facilities that will
be used for the medical waste;

4. The steps that will be taken to
nunanmize the exposure of employees
to mlectious agents throughout the
process of transporting and dispos-
mg of medical waste,

3 The name ot the individuals re-
sponsible for the transportation and
management of the medical waste;
and

6. The name(s) and phone num-
bers(s) of emergency coordinators
and response procedure to control
emergency situations.

Operation

All medical wastes to be transport-
ed should be properly segregated
and identified. Vehicles should be
operated by competent drivers in
such a manner so as to ensure the
safe containment and transport of
materials to its destination.

Vehicles and compartments used
to transport medical waste should be
designed to facilitate the least stress
to the structural integrity of medical
waste containers. They should pro-
tect waste handlers and the public
from accidental exposure to medical
waste materials.

Small generators may transport
sharps by U.S. Registered Mail, return
receipt requested, to a disposal ser-
vice. Sharps that have been encap-
sulated in a polymer matrix can be
shipped via the United Parcel Service
to a manufacturer of the process in
Georgia. In addition, small genera-
tors may use their own vehicles to
transport waste to the disposal facili-
ty. The small generator should have
a written agreement stipulating that
the disposal facility will accept the
medical waste.

Transporters should practice the
following procedures:

1. Avoid mechanical loading de-
vices which may rupture packaged
wastes.
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2. Prominently identify vehicles
transporting untreated medical waste
on the two sides and the back of the
cargo compartment with the foliow-
ing. the universal biohazard symbol.
the words “medical waste” “"biomeds-
cal waste” or “bichazard”

3 Limit access to vehidles, equip-
ment, and <ervice or parking areas
used in the transportation of medi-
cal waste to those persons specifical-
ly designated to manage medical
waste,

4. Guidelines of the storage sec-
tion shall be applicable during trans-
portation.

5. Medical waste should not be
transported in the same vehicle with
other waste unless the medical waste
is separately contained in rigid con-
tainers or kept separate by barriers
from other waste, or unless all of the
waste is to be treated and disposed
of as medical waste. Subsequent uses
of vehicles should be compatible
with the vehicle’s prior use as a medi-
cal waste carrier. Backhauling by
refrigerated vehicles is discouraged.

6. All transport vehicles and equip-
ment used to transport medical
waste must be thoroughly cleaned
and disinfected weekly, before being
used for any other purpose, and prior
to any transfer of ownership. OSHA
recommends that transporters with
vehicles that are to be used for pur-
poses other than hauling biomedical
waste develop a quality control plan
using biological challenges to evalu-
ate the effectiveness of cleaningdis-
infecting.

7. Recycled containers which are
used repeatediy for transport and
treatment of bagged waste should be
disinfected after each use.

8. All vehicles transporting medi-
cal wastes should carry a spill con-
tainment and cleanup kit in the
vehicle whenever medical wastes are
conveyed. (See contingency plan-
ning for kit contents.)

9 Direct physical contact of the
transport vehicle or equipment with
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Meonitoring and Record Keeping

Rese Virginia's dratt proposed medi-
cal waste rules require all persons
transporting medical waste Lo possess
a valid lteense from the Public Service
Commission. Applications for such
license shall contain at a minimum the
following:

1. Name of person or firm.

2. Business address and telephone
number of person or firm. including
headguarters and focal ottice.

3. Make, model, and license num-
ber ot cach vehicle 1o be used to trans-
port medical waste within the stue,

4. Name, business address, and tele-
phone number of each driver who will
operate in the state.

S. Area (counties and cities) in the
state in which the transporter will op-
erate.

6. Any person or tirm associated
with the applicant firm or any other
nante under which that person or firm
does business.

7. Any other person or firm using
any of the same vehicles and operators.

8. The name and telephone number
of a person who may be ¢ontacted in
the event of an accident or release.

9. Detailed description of the meth-
ods to comply with spill management
requirements.

10. Detailed description of the
methods to be utilized 1o clean and
disinfect the transport vehicles and
gquipment as required.

1. Veritication that che applicant
and all its emplovees involved in the
transportation of medicaj waste are
familiar with the provisions of this
rule and agree to comply in full with
said provisions.

The Pennsyfvania fnterim Guide-
lines: Manifesting and Transporter
Licensing for Infectious and Cheno-
therapentic Waste require that:

1. A transporter should not accept
medical waste unless it is accompanied
by a manitfest which has been properly
completed and signed by the generator.

2. A transporter should deliver the
entire quantity of waste to the facility
designated on the manifest or the next
designated transporter listed on the
manifest.

3. No owner or operator of a process-
ing or disposal facility should accept
medical or chemotherapeutic waste
shipments received from off-site
sources unless the shipment is accom-
panied by a manifest.

Page 16 Medical Waste Guidelines

4. H there is a signilicant discrepan-
Cv in a manifest, the owner or opera-
tor should attempt to recongile the
discrepuancy betore the waste covered
by the manifest is processed or dis-
posed ar the facility.

A discrepancy is a difference be-
tween the quantity or type of waste
designated on the manifest, and the
quantity or type of waste a facility ac-
tually receives.

Asigniticant discrepancy oceurs if
any o the following apply:

a. Vurtations greater than 3% in
weieht.

b, Variations in piece count, such as
number ol boaes or bags, for batch

waste,
¢. Differences in waste type which
can be discovered by inspection.

medical waste should be considered
and managed as a spadl

Monitoring and Record Keeping

Monitoring of medical waste trans-
portation helps to assure that wastes
generated are properly assigned and
hauled to a treatment or disposal fa-
cility. Accurate records assist in the
identitication of illegal hauling and
disposal methods Record keeping
provides writken documentation
the source of the medhical wante .
type and amount, the intended ez
ment method, and the partaes respon-
sible tor its ultimate proper dispos.l

Training

Transporters of medical waste
should provide training for the opera-
tors of vehicles that will transport
medical waste. The training should
include:

1. Familiarity with the contingency
plans,

2 Instruction in personnel protec-
tion and safety that is appropriate to
the risk that may be encountered in
the transportation and handling of
medical waste;

3. How to recognize waste that is
unacceptable or that is packaged in
such a fashion that it is not accepta-
ble to the pracessing disposal facility,

4. How torecognize a complete and
correct bill of lading; and

5 How to use the recordkeeping
system that is used by the owner
operator of the hauling compam

Contingency Planning

Contingency planning for medical
waste transporters 15 the development
of a plan of action in the event of an
accidental spill, loss of containment,
equipment failure or other unexpect-
ed circumstance

Ownersoperators of vehicles used
in the transportation of biomedical
waste should carry contingency plans
for emergencies that address the rol-
lowing:

1. Plans for disinfection of the truck
and any contaminated surface it a
ieaking container 1s discovered.

2. A notification list of individuals.
agencies who are to be contacted in
the event of a transportation accident.
This list will include the local police



or sherift, local highway patrol, local
county health department. and solid
waste division,

3 A plan for action that will be
taken following a transportation acci-
dent. This plan should address the
clean-up and decontamination of
potentially contaminated surfaces;

designation of back-up transporta-
tion for the medical waste; a descrip-
ron of the plans for the re-packaging
and labeling of medical waste where
containers are no longer intact.

4. Procedures that will be follow-
ed if a fire, theft or natural disaster

QCCUTS,
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5. Procedures for the management
of a leaking container or a contain-
er that has lost its integrity and pro-
cedures for the correct management
of a container or truckload of waste
that is not accepted by the process-
ing/disposal facility, for whatever
reasorn.
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V. TREATMENT, DESTRUCTION & DISPOSAL

The US. General Accounting Office
reports that hospitals treat about 85
percent of their wastes on-site. The
U.S. EPA cstimates that approximate-
Iy 70 percent of hospital medical waste
1s incinerated on-site and about 13 per-
cent s seamesterilized onssite inan
antoclave. The other 13 pereent 1§ gen-
erally shipped otl-site for autoclaving
or incineration (U.S. General Account-
iite Office, 1990, p. 9).

There is not a uniform technical
definition of effective treatment and
the type or degree of treatment that s
considered sufficient to render a waste
incapable of transmitting infection.

Documentation

Three treatment methods for medical
waste are sterilization, disinfection and
decontamination/sanitization.

1. Sterilization is the destruction of
all forms of microbial life, including
viruses and fungal or bactenal endo-
spores o inanimale surfaces;

2. Disinfection is the reduction of
microbial lite to levels at which intec-
tion is not likely, e.g., is free of bacteri-
al or tungal endospores; and

3. Decontumination/sanitizarion 1
the reduction of microbial content on
aninanimate surtace 1o such an extent
that an item is safe to handie (U.S. De-
partment of Health and Human Ser-

Guidelines

Treatment is any method, technique
or process designed to change the bio-
logical character or composition of
waste to reduce or eliminate patho-
gens 50 that the waste no longer poses
& hazard ta persons who may be o
posed to it Sterthization mav nos ivwe
NECESSATY iN every situation. 1as the
removal or deactivation ot pathogens
that v important

Cultures and stocks are the medical
wastes of greatest concern These
wastes are the result of microorgan-
isms or specimen cultures produced
in laboratories in which etiologic
agents (human infectious disease

Comparison of Treatment Technalogies

Type of Trearment Technology

Factor Steam Sterifization Incineration Harmmermill Chemical Treatment
Operations
Applicability Most infectious wastes Almost all infectious wastes  Most infectious wastes
Eqguipment operation Easy Complex Moderately complex
Operator requirements Trained Highly skilled Well trained
Need tor waste separarion To eliminate non-treatable None To eliminate non-treatables; for
wastes proper feeding
Need for load standardization  Yes No When teeding by type of waste
Effect of treatment Appearance of waste Waste burned Waste shredded and ground
unchanged
Volume reduction 307 85-95%% Up to 85%
Qccupational hazards Low Moderate Moderate
Testing Easy, inexpensive Complex, expensive Protocol under development
Potential side benefits None Energy recovery Use of effluent in laundry
Onsite/off-site location Both Both Both
Regulatory Requirements
Medical waste tracking Applicable Record-keeping Not applicable
regulations
Applicable environmental Wastewaier Air emissions, ash disposal,  Wastewater

regulations
Releases 1o air
Releases to water
Disposal of residue

Permitting requirements

Costs
Capital
Labor
Operating
Maintenance
Downtime
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Low risk via vent

Low risk via drain

To sanitary landfill;

potential problem with red bags

None

Low
Low
Low
Low
Low
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wastewater
High risk via emissions

Low risk via scrubber water

Ash may be a hazardous
waste; if $0, 10 RCRA-
permitted landtill

For siting, air emissions

High
High
High
High
High

Low risk via vent
Moderate risk via wastewater

Etfluent to sanitary sewer: residue (o
sanitary landfill

None

Moderate
Moderate
Moderate
Moderate
Moderate to high

(Sonrce: Reinhardt and Gordon, 1991, pp. 67-63)
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Wastes that, although not potentally
intectious or rendered non-infectious
by treaument may still be aesthetically
olfensive or frightening. They there-
fore may require further treatment
(c.g., grinding) to render them unrec-
ognizable. These wastes do not repre-
sent a public health hazard, but for
states in which one of the goals of
medivad waste management is o ad-
dress the public's fear ol these wastes,
alteration of its phasical appearange
ma be warranged.

Waste Suitabilits

Not only the category ol medical
waste but its physical composition and
packaging influences the selection of
the optimal treatment, destruction and
disposal method. For example, higher
levels of polyvinyl chloride (PVC)
plastics in medical wastes may be con-
tributing to higher concentrations of
hydrogen chloride (HCI) in emissions,
on average, from medical waste incin-
erators compared with municipal sol-
id waste incinerators (U.S. Congress
Office of Technology Assessment,
1990, p. 21).

Cultures and stocks — biosafety level
SJour laboratory standards

“Liquid effiuents from laboratory
sinks, biological safety cabinets, floors,
and autoclave chambers are decontami-
nated by heal (reatment before being
released from the maximum contain-
ment facility. Liquid wastes from
shower rooms and toilets may be
decontaminated with chemical disin-
fectants or by heat in the liquid waste
decontamination system. The proce-
dure used tor heat decontamination of
liguid wastes 15 evaluated mechanically
and biologically by using a recording
thermometer and an indicator micro-
organism with a defined heat suscep-
tibility pattern. If liquid wastes from
the shower rooms are decontaminated
with chemical disinfectants. the chemi-
cal used is of demonstrated efficacy
against the target or indicator micro-
organisms . ..

“The exhaust air from the facility is
filtered through HEPA (high efficiency
particuiate air) filters and discharged
to the outside so that it is dispensed
away from occupied buildings and air
intakes. Within the facility, the filters
are located as near the laboratories as
practicable in order to reduce the

causing agentsi must he grown in
high concentrations. These wastes
should be sterifized or incinerated.
some treated medical wastes, al-
though non-infectious, may still be
aesthetically offensive. For this rea-
son, treatment may include process-
es, such as grinding, that cause waste
to become less recognizable. This
additional treatment step consider-
A0y mcredses the cost and comples-
2y of thewaste handlme process, bur
states may find at worthwhile o it
helps to alleviate the public's fear o1
mechoal wistes

freatment does not always pre-
cede disposal, as is the case of the
discharge of liquid wastes by a gen-
erator to a sewer for treatment at a
sanitary sewage facility. Incinerator
emissions are also a form of disposal
(to the air) that occurs stmultaneous-
v with the treatment and destruc-
tion of waste.

Waste Suitability

The ten categories of medical
wastes and the treatment, destruc-
tion, and disposal methods that are
suitable for each are listed below,
given they comply with all applica-
ble regulations.

1. Sharps

Sharps are the waste category of
greatest concern because of their
ability to puncture the skin, thereby
creating a portal of entry for the
transmission of disease. The treat-
ment goal should therefore be to pre-
vent human exposure and injury.
Sharps are generated by both com-
mercial facilities such as hospitals
and dentist offices and by house-
holds such as self-care by diabetics
and outpatients. Treatment options
for the two tvpes of generators are as
rollows

a. Commercial generators:

i. placement in a puncture-resis-
tant, leak-proof container, chemical
disinfection, and disposal in a sani-
tary landfill;

ii. placement in a puncture-resis-
tant container, steam sterilization,
and disposal in a sanitary landfill;

iii. placement in a puncture-resis-
tant, leak-proof container, incinera-
tion, and disposal in a sanitary land-
fitl; or
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iv. encapsulation 1n a matrix
which will solidity and deposition in
a landtill The encapsulation process
uses a phenolic solution to disintect
sharps and an oxidizing agent to en-
capsulate them in a polymer matrix
that is a solid block-like material.

b. Household generators:

Package sharps waste in such a
manner that it will greatly reduce the
fikelihood that anvone who handles
the waste would be exposed to nee-
dles This should involve placing
syringes needles ma puncture resis-
tant. tishthy lidded container prior to
disposal. The common two liter PET
plastic soda bottle 1s recommended
because of its ability to withstand
the compactions associated with the
waste stream. The container should
then be sealed and appropriately la-
beled (e.g. “WARNING: Sharps or
“WARNING: Syringes”). Because
plastic bottles are recyclable, it is
also advisable to put “Do Not Recy-
cle” on the label.

2. Cultures and Stocks

Cultures and stocks of microbio-
logical agents are artificially grown
in laboratories to what could be an
extremely high dose for an exposed
individual, much greater than would
be normally found in nature. For this
reason. the treatment goal for cul-
tures and stocks should be complete
destruction prior to disposal into the
general waste stream. Treatment and
disposal methods are as follows.

a. steam steriiization foliowed by
disposal in a sanitary landrill;

b. incineration followed bv dispos-
al in a sanitary landrfill;

c. thermal inactivation tollowed
by disposal in sanitary landfill; or

d. chemical disinfection followed
bv disposal in a sanitary landfill.

3. Bulk human blood and
blood products

Although blood-contaminated
items can be visually frightening. the
real risk of disease tramsmission
would be no greater than that posed
by commonly found items in the
waste stream such as feminine hy-
giene products or disposable diapers
(e.g.. human contact must be made).
But. when blood enters the waste
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length ot potentialty contaminated air
ducts. The lilter chambers are design -
ed 10 allow in situ decontamination
before filters are removed and to facili-
tate certitication testing after they are
replaced. Coarse filters and HEPA
filters are provided to Ireat air sup-
plied to the facility in order to increase
the lifetime of the exhaust HEPA
filters and to protect the supply air sys-
tem should air pressure become unbal-
anced it the aboratory™ (LS. Depart-
ment ol Health and Human Services,
1988, . 26-27).

Rudiouctive, ovtotovic and
chemical wastes:

The Agency jor Toxic Substances
and Disease Registry finds chat
“materials such as antineoplastic
agents, toxic chemicals, radioisotopes,
and chemicals volatilized by steam
should not be autoclaved, to prevent
possible contact during autoclave
opening and venting and secondary
contamination during subsequent
process cycles. Chemical decontami-
nation is usually the method of choice
for these substances” (U.S. Depart-
ment of Health and Human Services,
1990, p. 7.2).

The Oklahoma State Department
of Health has issued the following in-
structions for disposal of antineoplas-
tic agents and refated wastes that are
not regulated as hazardous waste at
permitied biomedical waste incinera-
tors:

“Each waste container, as packaged
for transportation and incineration,
may contain only one container of an
antineoplastic agent that has been pre-
pared but not administered, or one
container of an antineoplastic agent
that was partially administered or one
container of an antineoplastic agent
that has not been diluted {prepared for
administration) that is being discard-
ed because it is out-of-date or has been
contaminated.

“The waste container may be filled
with other infectious waste or chemi-
cal waste, including disposable materi-
als which have come in contact with
antineoplastic agents during prepara-
tion, handling and administration of
such agents. Such waste includes, but
it not limited to masks, gloves, gowns,
empty 1V tubing bags and vials, and
other contaminated materials!’
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stream as a hiqund. it has the poten-
tial to spray to the mucous mem-
branes of anyone in the spray path
when compacted in the waste stream.
The following methods are recom-
mended for bulk blood and blood
products.

a. discharge to a sanitary sewer
system;

b discharge to an approved on-
SIEC SepTie sy stem:

¢ incmeration tollowed by dispos.
al ol the residue in a sanitary landfill

3 Pathodovicaf wastes

Although of no greater risk of dis-
ease transmission than other com-
ponents of the waste stream, patho-
logical wastes possess the potential
to shock or offend aesthetically.
These wastes should therefore be
rendered unrecognizable before dis-
posal by the following methods.

a. incineration followed by dis-
posal of the residue in a sanitary
landfill;

b. steam sterilization and grinding
followed by disposal in a sanitary
landfill; the American Dental Asso-
ciation recommends that, if includ-
ed, extracted teeth containing metal
restorations should not be autoclaved
prior to disposal because of the pos-
sible release of potentially harmful
vapors, such as mercury vapor.

c. thermal inactivation and grind-
ing followed by disposal in a sanitary
landfill;

d. chemical disinfection and
grinding followed by disposal in a
sanitary landfill.

5. tsolation wastes

Because of their potential to con-
tain CDC level 4 pathogens, the treat-
ment goal for isolation wastes 15
sterilization. Treatment methods are
as tollows

a. incineration followed by dispos-
al of the residue in a sanitary landfil);

b. steam sterilization followed by
disposal in a sanitary landfill,

6. Animal waste

These are wastes that have been
exposed to zoonotic disease and
therefore require sterilization. Treat-
ment and disposal methods are as
follows.

a. carcasses, body parts, fluids and
bedding — steam sterilization and

aninding of carcasses and body parts
tollowed by disposal in a sanitary
landfill;

b. carcasses. body parts, Fluids and
bedding — useful to decontaminate
the surface of a carcass before trans-
porting to an incinerator; incinera-
tion followed by disposal of the
residue in a sanitany landfill:

o fluids — thermal inactivation
aiiowed by disposal i a sanstary
sandfillor discharging into a <anitany,
SEAN T sy sten,

¢ tluicds — chemo al disinieciion
rodowed by disposal in oo samtary
fandtilt or discharging into a sanitary
sewer system,

7. Unused sharps

a placement in a puncture-resis-
tant, leak-proof, hard-to-open con-
tainer, chemical disinfection, and
disposal in a sanitary landfill;

b. placement in a hard-to-open,
puncture-resistant container, steam
sterifization, and disposal in a sani-
tary landfill;

¢ placement in a puncture-resis-
tant, leak-proof container, incinera-
tion, and disposal in a sanitary {and-
fill, or

d encapsulation in a matrix which
will solidify (see Sharps: a.iv) and
deposition in a landfill.

8. tow-level radioactive waste
{not under Nuclear Regulatory
Commission regulation)

a. chemical decontamination;

should NOT be steam sterilized.

9 Antineoplastic drugs
{trace amounts not handled as
RCRA hazardous wastes)

a chemical decontamination,
should NOT be steam sterilized

10 Small volumes of chemical
hazardous v aste {exempt
from Subtitle C of RCRA)

a chemical decontamination.

should NOT be steam sterilized.

Waste Management Plan (General)

Each facility should have a written
medical waste management and
operations plan which includes the
rollowing:

1. A description of the biomedical
waste handled by the facility includ-
ing type and volume of waste;



Treatment Technologies

Incineration

“[acineration of medical wastes re-
mains a prevalent treatment method in
the United States. The advantages of
incinerating medical wastes, are those
associated with the incineration of any
type of waste: significant volume re-
duction {by about 90 percent), assured
destruction, sterilization, wetght re-
duction. and the ability 10 manage
most types of wastes with little pro-
cessing before treatment. The disad-
vantages nclude potential pollution
risks associwed with incineration pro-
cesses and increased costs associated
with controlling pollution emissions™
(U.S. Congress Office of Technology
Assessment, 1990, p. 41).

Maine Biomedical Waste Manage-
ment Rules specify the following gen-
eral design standards for medical waste
incinerators:

1. The types, amounts (by weight
and/or volume), and characteristics of
all medical waste expected to be pro-
cessed shall be determined by survey.

2. Facility design capacity shall con-
sider such items as waste quantity and
characteristics, variations in waste
generation, equipment downtime, and
availability of alternate storage, pro-
cessing, or disposal capability.

3. Facility systems and subsystems
shall be designed to assure standby
capability in the event of breakdown.

4, Audible signals shall be provided
to alert operating personnel of critical
operating unit malfunctions.

Additional recommendations for
all types of incinerator systems from
the states of Maine and Washington
include the following.

5. Grated beds should not be used
for the incineration of liquid wastes.

6. Incirerator design should include
measures [0 minimize infiliration air.
This would reduce the consumption of
auxiliary fuel, increase residence time,
and increase exposure of combustion
gases 10 high temperaiures.

7. Stack design and location should
be of sufficient height and located to
assure that stack emissions do not
enter nearby building ventilation sys-
tems or windows. Stacks should be
designed according to EPA- defined
“good engineering practices’’

For new or modified sources, stack
design should comply with the inten-
tions of the proposed state air toxics
regulations upon promulgation.

2 A detailed narrative expleining
how the facility will operate, clud-
ing, but not imited to, design capadi-
ty, equipment specifications, on site
storage, and flow diagram schemat-
ics for all parts of the facility;

3. Total capacity and life expec-
tancy of the facility, including calcu-
lations used to derive these data;

4 Hours and davs of operation
at the tacibity and the naumber or
convevances delivering biomedical
wastes that are expected daily and
that can be accommodated daily;

5 A general inspection schedule
for the facility;

6. A description ot security proce-
dures and equipment;

7. Training procedures for person-
nel who handle biomedical waste;

8 Emergency spidl containment
and cleanup procedures and equip-
ment;

9 The name, address, and tele-
phone number of the person(s) re-
sponsible for biomedical waste man-
agement for the facility.

Operation (General}

Operational requirements for treat-
ment facilities include restricted
access, waste identification, safe
handling to avoid puncturing con-
tainers, and adhering to charging
rates that are within incinerator or
autoclave design.

Operating standards include meth-
ods and operational requirements
for waste treatment, design require-
ments, quality control guidelines,
reporting requirements, and proce-
dures for preventing and cleaning up
medical waste spills

Monitoring and Record Keeping
(General)

Monitoring is essential in develop-
ment of standard operating proce-
dures for each treatment technique
to verify that the treatment process
ts effective Monitoring also permits
refinement of the operating proce-
dures so that excess processing can
be avoided while savings are real-
ized in expenditures of time, energy,
andjor materials. Subsequent period-
iC monitoring serves to demonstrate
that treatment is adequate to render
the waste non-infectious, thereby
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confirming that proper procedures
were used and that the equipment
was functioning properly.

Medical waste disposal facilities
should maintain records of:

1. Policies and procedures for hand-
ling medical waste;

2. Special training received by per-
sons involved with medical waste
management,

3 Spills of medical waste and con-
rainment methods emploved:

4. Members of the racility’s infec-
tion control committee;

5 Operating information leg .
hours of operation, equipment main-
tenance and replacement, inspec-
tions);

6. Monitoring results;

7. Medical waste received from
off-site:

a. waste type and volume;

b generator name and address:;

¢. transporter;

d. treatment and disposal method.

Treatment Technologies

Incineration

Incineration converts combustible
materials into noncombustible resi-
due or ash, exhaust gases, and heat
Incineration of medical waste should
be conducteel under sufficient burn-
ing conditions {e.g., temperature, resi-
dence time, and feed guantity) to
reduce all combustible material to
a form such that no portion of the
combustible material is visible in its
uncombusted state and to control
emissions of hazardous constituents
during incineration.

An on-site incineration facility
should include the following factors.

* There should be access to equip-
ment for service and replacement.

¢ Shelter for equipment is needed
to protect 1t from the elements.

® Incineration equipment and sup-
port elements, such as scrubbers or
bag houses, bulk storage chemicals,
and flue stacks are fairly massive
and shouid be placed at a grade.

® Traffic flow for trucks and cars
should not interfere with the move-
ment of waste containers.

® Due to the uneven waste stream
coliection and flow to the incinerator,
a staging area of sufficient capacity
is needed to hold waste during heavy
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8. Automated. continuously oper-
atedd teed systems are desirable be-
cause tiey nnnimize lNuctuations in
temperature and maintain a steady
rate of operation, thus tending to emit
lower levels of pollutants.

fncinerator Operation; “The suc-
cessful use of incineration as a method
for treating infectious waste ultimately
depends on the proper operation of the
incinerator and atr-pollution control
devices. Good operatng weeimigue ai-
Jeets the reliability ol equipment,
reduces down-time, prolongs the Hie
of eguipment, incrcases vombustion
chliciency, helps ensure complete ash
burnout, increases worker safety, and
assists compliance with air pollution
control regulations” (Turnberg, 1989,
Attachment 7, p. 52).

The following aspects of incinerator
operation and maintenance contribute
to complete destruction of medical
wastes.

1. Waste Feed Ruate and Characteri-
zation: Avoid overloading and adjust
for waste composition.

a. The following variations in waste
composition affect operation:

* moisture content and heating value
affects combustion temperature;

¢ high plastic conteat can cause
temperature surges that ¢can damage
the incinerator;

e combustion products of waste
with chlorine content is corrosive 1o
the incinerator and may damage the
refractory (chamber lining) and the
stack,

b. Controlled-air type: capacity of
the secondary chamber determines the
waste charging or feed capacity of the
incinerator.

<. Wiasce should not be loaded into
the incinerator until it has been pre-
heated and pollution control devices
are tully operational,

d. Wastes containing solvents shouid
be avoided.

e. Overloading of waste, or the burn-
ing of high heating value wastes in an
incinerator designed to burn at lower
temperatures can lead 10 overheating
of thermocouples and crack the re-
fractory.

2. Temperarure and Residence Titne:
Medical waste incinerators should be
capable of maintaining a minimum
temperature in the primary chamber
sufficient to destroy infectious agents
and produce a residue essentially free
of odors and unstable organic matter.
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collection periads. This waste should
be mcimnerated later the same day

¢ Due to extensive heat radiation
from equipment, most incineration
enclosures are not insufated but are
very well ventilated.

Training for Incinerators: A trained
incinerator operator should be pres-
ent at the tacility inwhich an inciner-
alor s located whoenever waste >
being burned The faclity-employed
operalor will control the operation
o the nanerator pertormance
testing

An mcinerator operator should be
trained to deal with the complexity
of medical waste composition and
potential hazards, incinerator equip-
ment, air pollution control devices,
monitoring information. and appli-
cable regulations.

The American Society of Mechani-
cal Engineers is establishing a US.
EPA-sponsored certification and train-
ing program for operators of medical
waste incineration equipment. The
proposed program will include the
tollowing:

* basic principles of combustion

® incinerator equipment charac-
teristics

¢ medical waste characteristics

* products of waste combustion
air pollutants
* air pollution control devices
¢ automatic control systems
* emission monitoring equipment
industrial hygiene

» typical problems

¢ scheduled maintenance

® incinerator operations

* state and other applicable regu-
lations

In addition, an incinerator opera-
tor training program should provide
an understanding of the following
elements:

* proper waste handling proce-
dures

¢ environmental and health con-
cerns related to improper incinera-
tion

* worker satety procedures

¢ record keeping procedures

¢ accident response.

Incinerator Operation: The han-
dling of the ash produced by inciner-
ation warrants special precautions.

1. Incinerator ash residue:

a Removal shoutel acour in such
dway that there will be no fugine
emissions to the air during loading
or transport. The ash should be wet-
ted prior to handling to prevent dust
emissions.

b. All personnel handling ash
should wear or use dust masks,
sloves, and protective ¢lothing as a
safety precaution

2 Bottom ash.

A handie @ manner consistent
witl managernent
charcs 130 CFR Part 61y aned disposy- o
m a solid waste disposal racthinn

3. Flv ash

a would need to be handled as a
toxic waste or extremely hazardous
waste based on sampling results.

Foon
STeri-

asbhestos

incinerator Monitoring: Monitor-
ing of incinerator performance and
residues will help to detect equip-
ment malfunction and ensure the
complete destruction of medical
wastes.

Monitoring should include the fol-
lowing elements:

1. Monitors should provide con-
tinuous infermation on combustion
temperature and waste, fuel, and air
feed rates.

2. Continuous recording parame-
ters include temperature. key oper-
ating parameters of air pollution
control equipment, waste charging
rates, and carbon monoxide and par-
ticulate emission monitors.

3. Stacks should be equipped with
continuous emission monttors which
measure opacity

4. Ash: Visual inspection should
not reveal commonly combustible
matenials such as paper, cardboard,
and cloth which have not been com-
pletely burned.

5 Annual inspection,

6. Records should be kept of the
weight and general composition of
waste charged to the incinerator

Steam Sterilization

Steam sterilization s a treatment
method for medical waste that uti-
lizes saturated steam within a pres-
sure vessel (known as a steam sterili-
zer, autociave, or retort) at time
lengths and temperatures sufficient
to kill infectious agents within the
waste.



a. Operating temperatures should
be attaired belore loading the waste,

b. The amount of air and fuel should
be adjusted to maintain operating
temperature at the necessary level.

¢. Adjustments should be made as
the composition of the waste changes.

Incinerator Maintenance: “Sched-
uled preventive maintenance, regular
cleaning, and visual nspection of
equipment is recommended 1o asvoid
excessive emissions and costiy break-
downs’ (Turnberg, 1989, Attachment

7. p. 43). Worn relractories should be
replaced, ash deposits on walls and
ducting should be removed, air inlets
should be cleaned and replaced, and
worn mechanical parts should be
replaced. {See table below)

Incinerator Monitoring: Wisconsin
guidelines recommend that incinera-
tor operators continually record com-
bustion temperatures and amounts ol
waste incinerated. In Pennsylvama in-
cinerators must report quarterly on
the microbiological analysis of ash,
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Operation for Steam Sterilization
Standard, written, operating pro-
cedures should be adopted for each

i steam sterilizer including time, tem-
perature, pressure, type of waste, type
of container(s), closure on container(s),
pattern of loading, waste content, and
maximum load quantity.

Operation should include the fol-
lowing procedures,

1 The entire waste load should be
exposed to the necessany temperature
for a detined penod af tme

Typical Maintenance lnspection

Lubrication and Cieaning Schedule for 3 Biomedica)l Waste Incinerator

Frequency Incinerator Component Procedure
Hourly Ash removal conveyor Inspect & clean as required
Water quench pit Inspect water level and fill as required
Daily Opacity monitor Check operation of the opacity monitor & check exhaust for
visible emissions
Oxygen monitor Check operation of oxygen monitor
Thermacouples Check operation ot thermocouples
Underfire air ports [nspect & clean as required
Limit switches Inspect for freedom of operation & potential obstructing debris
Door seals Inspect for wear, closeness of fit & air leakage
Ash pit/internal dropout sump Clean after each shift on batch units w/0 continucus ash
conveyor system
Weekly Heat recovery boiler tubes Inspect & clean as required. Clean weekly for 6 weeks to
determine optimum cleaning schedule
Blower intakes Inspect for accumulation of lint, debris; Clean as required
Burner flame rods (gas-fired units Inspect & clean as required
UV scanner flame sensors Inspect & clean as required
Swing latches and hinges Lubricate
Hopper door support pins Lubricate
Ram feeder carriage wheels Lubricate
Heat-recovery induced-draft Inspect & clean fan housing as required. Check tor corrosion. Check
V-belt drives and chains for wear
Hvdraulic systerns Check hydrautic fluid level & add the proper replacement fluid as
required. Investigate sources of fuel leakage
Biweekly Ash removal conveyor bearings Lubricate
Fuel trains & burners Inspect & ctean as required. [nvestigare sources of fuel leakage
Control panels Inspect & clean as required. Keep pane! securely closed & free of
dirt 1o prevent electrical maifunction
External surtace of incinerator & stack Inspect external “hot™ surfaces. White spots or
discoloration may indicate loss of refractory
Monthly Retfactory Inspect & repair minor wear areas with plastic refractory

Semi-annually

[nternal ram faces

Upper/secondary combustion chamber

Large combustion air blowers & heat recovery
induced draft rans {fans whose bearings are

not sealed)

Hydraulic cylinder clevis & trunnion
attachments to all moving compenents
Burner pilots

Hot external surfaces

Ambient external surfaces
Chains

material

Inspect for wear. These stainless steel faces may wear om and
may require replacement in | to 3 vears depending on service
[nspect & vacuum any particulate matter that has accumulated
on the chamber floor. Lubricate

Lubricate

Inspect & adjust as required

[nspect & paint wilh high temperature as required
Inspect & paint with equipment as required

Inspect & brush clean as reuired. Lubricate chamber
Lubricate

Sonrce: U.S, EPA, Operation and Maintenunce of Hospital Medical Wuste Incinerators.

EPA 450. 3.89-002, Work Assignment {6, March 1989 in Turnberg, 1989, Attachment 7, pp. 46-48.

The Council of State Governments Page 23



Treatment, Destruction & Disposal

and annually on ash's chemical anal-
vsis. Monitoring data shall be main-
tained lor a period ot three years.,

Chemical Disinfection

“Chemical agents such as chlorine
have been used as disinfectants for
medical products for some time,
although the applications to large
volumes of infectious wastes generat-
ed in hospitals and laboratories is
more recent” (U.S. Congress, Office of
Technology Assessment, 1990, p. 33).
Currently there aren’t any disinfec-
tants registered with the Federat Insec-
ticide, Fungicide and Rodenticide Act
{FIFRA) for use with medical waste.
FIFRA registers by use. Most are sur-
face disinfectants.

For infection concrol purposes, dis-
infectants are chemical germicides
that are approved for use as hospital
disinfectants and are tuberculocidal
when used at recommended dilutions.
(See table on following page.)
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2 The degree o steam penotra-
tion s the critical tactor Airmust be
completely displaced from the treat-
ment chamber for steam penetration
to occur,

3. Resicdual air in the autoclave
chamber prevents effective sterili-
zation. It may be due to use of im-
pervious plastic bags, use of deep
upright containers, or improper
ioading.

1. Loads should be small enough
to attain and maintamn sterilizing
temperatures.

3 Bags should be opened and bot-
tle caps and stoppers should be loos-
ened immediately before placement
in the sterilizer to facilitate steam
penetration. Adding water to con-
tainers is recommended to assure
steam contact with waste.

Maintenance: Maintenance should
include the following.

1. Sterilizers should be routinely
inspected and serviced.

2. Monitoring will indicate that
the equipment is functioning proper-
ly.

Monitoring and Record Keeping
for Steam Sterilization: Routine per-
formance checks and record keeping
will ensure that autoclaves will be
matntained in optimal working con-
dition and that wastes are being
thoroughly stenilized

Monitoring should include the fol-
lowing,

1 A recording thermometer should
be used to ensure that a sufficient-
Iv bigh temperature is maintained for
an adequate period of time during
the cycle.

2 A chemical indicator stripstape
that changes color when a certain
temperature 1s reached can be used
to verify that a specific temperature
has been achieved. [t may be neces-
sary to use more than one strip over
the waste package at different ioca-
tions to ensure that inner content of
the package has been adequately
autoclaved. However, it does not
show the length of time waste has
been exposed to steam at that tem-
perature.

3. Bacillus stearothermophiius is
recommended as the biological indi-
cator. Steam sterilization units should
be evaluated under full loading for
effectiveness with spores of Bacillus

stearnthormaophilus placed at the
center o1 a load processed under
standard operating conditions no
less than once per every ) hours of
operation. Because of the risk of un-
necessary exposure to the worker
who must retrieve the monitor, test-
ing should be done in a simulated
waste load and not with an actual
load ot medical waste

4 A loyg should he kept at each
steam sterilization unit that s com-
plete tor the preceding three year
period The log shall record the date,
time, and operator of each usage; the
type and approximate amount of
waste treated; the post-sterilization
reading of the temperature sensitive
tape; the dates and results of calibra-
tion; and the results of effective
testing.

Training for Steam Sterilization:
Operator training should include the
following components:

1. Knowledge of standard auto-
clave principles and recognition of
proper operation,

2. Knowledge of waste stream
characteristics;

3. Minimization of aerosols;

4. Prevention of waste spillage;

5. Wearing protective attire to pre-
vent burns;

6. Quality assurance testing and
frequency of testing.

Chemical Disinfection with
Grinding or tncapsulation

This treatment process grinds the
wastes in a hammermill in the pres-
ence of a chemical disinfectant. Fac-
tors that should be considered in
selection of chemical disinrection as
a treatment method are the types of
microorganisms likely to be present
in the waste, the degree of contami-
nation, the amount of proteinaceous
material present, and the tvpe of dis-
infectant.

Operation for Chemical Disinfec-
tion: Several factors influence the ef-
fectiveness of chemical disinfection
The tvpe of disinfectant used, its
quantity and concentration, contact
time with the waste, and the temper-
ature at which it and the wastes are
treated determine the completeness
of the disinfection process.
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Thermal {nactivation

The batch units “consist ot a vessel
of sulficient size to contain the liquid
generated during a specific operating
period (e.g., 24 hours). The system
may include a second vessel that pro-
vides continuous ¢ollection of waste
without interruption of activities that
generate the waste.

“The waste may be pre-heated by heat
exchangers, or heat may be applied by
asteam jacket that envelopes the vessel.
Heating is continued until a pre-deter-
mined emperacure (uswitlly measueed
by a thermocouple) is achieved and
maintained for a designated period of
time!” The contents of the vessel/tank
are normally discharged to the sewer.
Local, state or federal temperature
restrictions on sewer discharges may
necessitate a second heat exchanger to
remove excess heat from the effluent
{U.S. Environmental Protection Agen-
cy, 1986, p. 4.11-12).

The Minnesota Pollution Control
Agency has approved electro-thermal-

The Lguids resulting from chenncal
disintection, including any remain-
ing disinfecting agents, are released
to the sewer system. If the chemical
disinfectant is recyclable with some
processing of usedfspent disinfectant
liquid then the effort should be
made. Solid residues are drained of
the disinfectant and disposed of in
a lanclfill,

The 1ollowing disinfectants are
recommended for use in chemical
disinfection.

* Chlorine compound solutrons,
specifically bvpochlorite and chlo-
rinated isocyanurates, at a strength
of rifteen percent (volumejvolume);

® Chemicals registered with the
US. Environmental Protection Agency
as viructdal, bactericidal, fungicidal,
parasiticidal, and sporicidal;

* Chiorine bleach should not be
used in the presence of lodine- 125
due to potential release of radioio-
dine. Formalin or a phenalic disinfec-
tant should be substituted.
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Thermaf Inactivation

Thermal inactivation is a treatment
method that utilizes heat transfer
to provide conditions that reduce
the presence of infectious agents in
waste. Thermal inactivation units for
the treatment of liguid wastes are
batch-type units or continuous treat-
ment processes The hatch-type unit
i avesselinwhich the waste mav be
pre-heated by heat exchangers or by
a steam jacket that envelopes the
vessel The continuous process con-
sists of a smalfl feed tank and a
steam-based heat exchanger Liquid
waste is fed into the feed tank, across
the heat exchanger and then recir-
culated through the tank. Thermal
inactivation of solid waste is accom-
plished by the application of dry
heat in an oven which is usually
operated by electricity.

Operation for Thermal Inactiva-
tion: Thermal inactivation opera-
tions should include the following.

Comparison of Selected Chemical Disinfectants

Chiorine Compounds fodophor Alcohols (a} Formaldehyde  Glutaraldehyde
Inactivates
Vegetative bacteria ves ves yes yes yes
Lipoviruses yes yes ves ves yes
Nonlipid viruses ves yes (b) ves yes
Bacterial spores yes ves no ves yes
Treatment requirements
Use dilution 300 25-1600 70-85% 0.2-8.0% 20,
ppmc {¢} ppme
Contact time, min.
Lipovirus 10 10 10 10 10
Broad spectrum 30 30 not 30 30
effective
Important characterislics
Effective shelf life is greater
than | week no ves ves yes ves
Corrosive vey ves no no no
Flammable no no ves no no
Explosion potential none none none none none
[nactivated by inorganic mateer yes ves no no no
Skin irritant ves ves no yes yes
Eve irritant Vs ves yes yes yes
Respiratorirritant ves no Do no no
Toxic yes yes yes yes ves
Applicability
Waste liquids ves no no no no
Equipment surface
decontamination yes ves yes yes yes

(a) Ethy! and isopropyl alcohols.

(b) Resuits are variable, depending on the virus.

(¢) Concentration of avaiiable halogen.

The Council of State Covernments

Seurce: Reinhardt and Gordon. 1991, p. 117
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deactivation technology for the decon-
waminanon of medical waste: “This
process involves pre-shredding the
waste, inttially heating it with an ¢lee-
tric source, and then maintaining a
temperature of 194 degrees F within
the waste for at least two hours while
in a large, enclosed chamber (Minne-
sota Potlution Control Agency, p. 2).
This process is currently being used in
Alaska.
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I Maniong may be appropriate to
maxinize homogeneity of the waste
and temperature during the loading
and heat application steps ot the
treatment cycle.

2. Temperature and Residence
Time:

a. Requirements can be selected
on the basis of the resistance of
cither the pathogen present in the
waste or of 3 pathogen that s more
resistant than those being treated

b Shorter contact time 1in a con-
tinuous treatment process may re-
quire a higher temperature thanin a
batch-type system

¢ Circulation of the air is neces-
sary to ensure that all waste reaches
the required temperature.

Monitoring for Thermal lnactiva-
tion: The only continuous monitoring
currently available is temperature.
Pathogen destruction monitoring in-
volves periodically spiking the waste
with a known quantity of heat- resis-
tant bacteria and testing viability
after treatment. However, retrieval of
the monitor may result in unneces-
sary worker exposure. Therefore, test-
ing should be done in a simulated
waste load.

frradiation

Irradiation exposes wastes to ul-
traviolet or ionizing radiation from
a source such as cobalt 60 in an en-
closed, shielded chamber. Irradia-
tion is suitable for use an materials
which cannot be thermally treated.
The advantages of this treatment
method are its small electricity needs,
no steam requirement, and the lack
of residual heat in treated waste. Dis-
advantages are the large capital out-
lay, the necessity of highly skilled
personnel, the disposal of the decay-
ed radiation source, and the need for
a large operating space. Another dis-
advantage in ultraviolet radiation is
that the method is only effective if
the ultraviolet radiation reaches the
waste material. There is very little
penetration into the waste unless the
waste is transparent to ultraviolet
radiation Areas shadowed from the
ultraviolet radiation will not be ef-
fectively treated.

Operation for frradiation: 1rradi-
ation operation procedures should

mclude the following

I Microorgantsms must have
direct exposure to the UV rays for a
sutficient length ot time.

2. Relative humidity can aftect
treatment etfectiveness of ultravio-
let radiation.

3. Minimum exposure rate has not
vet been determined.

Crinding and Shredding (Destruction
Method)

This method s used to convert
treated and some unireated medical
wastes Into a more homogeneous
form that can be easilv handled. The
wastes are physically broken into
smaller particles. Grinding and shred-
ding makes waste unrecognizable,
facilitates treatment (e g, autoclav-
ing, disinfection), and minimizes stor-
age, transport and handling costs.

Operation for Grinding and Shred-
ding: The equipment should main-
tain a negative pressure to ensure
that no materials escape from the
device. HEPA (high efficiency partic-
ulate air) filteation of exhaust is
recommended to minimize aerosoli-
zation.

The gquantity of metal and glass
present, the size of the waste, and the
presence of fibrous, rubber, or soft
plastic materials adversely affect the
process. Metal and glass can wear
down the grinding edges of the equip-
ment. Fibrous, rubber or soft plastic
materials may become caught on the
hammermills and cause the equip-
ment to malfunction.

Monitoring tor Crinding and Shred-
ding: Observation of the shredded
waste’s size distribution verifies that
the equipment is functioning properiv.

Compaction {Destruction Method)

Compaction is used in the waste
handling process to reduce waste
volume. It can also atfect recogniza-
bility. It does not decrease the dis-
ease transmission capability of medi-
cal waste.

A hyvdraulic ram is generally used
to compress the waste against a rigid
surface. The disadvantages of this
method are the potential for aero-
solization, the high probability of
leakage, and poor incineration char-
acteristics. Compaction can destroy
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Chenncul decontamination:

“Recentls, achemical decontami-
nation systermn with the potenial for
more widespread application has
been developed. The system process-
es infectious waste using an electro-
caralytic system. The system purport-
cdly will destroy any known living
oreanism by the oxidizing solution's
temperature, acidity. and chemical ac-
tivirs. The system requires ne pressure
vessels and only normal amounts of
electric power™ (LS. Department of
Health and Human Services, 1990, p.
7.3).

Microwave:

Unlike thermai treatment which heats
wastes externally, microwave heating
occurs inside the waste material. The
Minnesota Pollution Control Agency
has given microwave technology ap-
proval for decontamination of medi-
cal waste: “This process involves pre-
shredding the waste, injecting it with
steam, and heating it for 25 minutes
at 203 degrees F under a series of
microwave units, The material is rotat-
ed on an auger 1o ensure that uniform
heating and decontamination occur.
The treated waste may then be land-
filled or incinerated” (Minnesota Pol-
lution Control Ageny, p. 2). Minnesota
reports that the process s currently
being used in California, North Caro-
lina and some European countriegs.

The following tvpes of wastes are
suitable for treatment by microwaving:
refuse containing blood, secretions,
bandages, napkins, single-use hypo-
dermic needles and cannulas. This
method is not suitable for body parts,
organ refuse, or other waste that re-
quires special treatment such as animal
cadavers, outdated medications, chemi-
cals and radioactive waste (Stewart et.
al., 1989, p. I1.17).

Macrowave:

One new treatment method is the
use of macrowaving. Macrowaves are
low frequency radio waves which treat
waste by electro- thermal deactivation,
Heat produced by the waves kills dis-
¢ase-causing pathogens throughout the
waste. The advantages of this treat-
ment technigue are that it generaies no
air or water discharge and the materi-
als treated are recyclable. A macrowav-
ing facility currently in operation does

not aceept pathelogical, chemical or
hazardous waste (“Stericycle Substitutes
Ridio Waves tor {rradiation in Treat-
ment Process™ in National Solid Wastes
Management Association, January 7,
1991, p. 3).

Approval:

New York state specifies the follow-
ing for the approval of alternative
regutlated medical waste treatment
SYNFCIS:

“a. Any method or technique for
treatment or disposal ol regulated
medical waste tor which approval by
the Commissioner is sought must not
pose a threat to public health. Appros-
al shall be based on detailed informa-
tion, obtained in ¢onformance with
generally recognized scientific princi-
ples, submitted by the applicant for
a method or technique which will
render the waste non-infectious, safer
for transport, amenable for storage, or
reduced in volume,

b. The method or technique shall
conform to principles generally recog-
nized within the scientific communi-
tv and will:

i. decontaminate the waste, or
change the character of the waste so
as to make it safer or more amenable
for transport, or reduced in volume;
and

ii. not create a threat to health or
safery; and

iii. not violate applicable environ-
mental laws or regulations’ (Title 10
Health: Chapter II - Part 70 Regulat-
ed Medical Waste, Subpart 70-2).

Landfill

“A landfil does not provide an en-
vironment that is conducive to the sur-
vival of human pathogens’ (Minne-
sota, 1988, p. IV.7). High temperature
(100-120 degrees E. or greater), oxygen
depletion, pH, moisture, and microbi-
al conditions reduce the number of
viable infectious organisms.

[t 15 also unlikely that pathogens
will reach the groundwater beneath a
properiy sited landfill. “As a leachate
percolates through the soil, its patho-
genic organism concentration in the
leachate is reduced by ‘soi! filtration,
a process somewhat analogous 10 the
attenuation of sewage in a septic sys-
tem. ‘“The infectious organisms cling
to the edges of soil particles and, with-
out the nutrients, quantity of oxygen

The Council of State Governments
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the integrity of containers, resulting in
possible exposure of waste handlers to
the waste materials.

The 1986 EPA Guidelines discour-
age the use of compaction in the han-
dling of medical waste. The 1989
Medical Waste Tracking Act does not
recogrize compaction as an accept-
able destruction technique. This
method is therefore not recommend-
ed ror untreated wastes.

Alternative Treatment Technologies

The foilowing information should
be requested from a manutacturer or
an alternative medical waste treat-
ment method to determine whether
the treatment method is suitable for
use by a generator or treatment facil-
ity operator:

® name of firm

® address

® contact person

® phone number

® indicaiion as to whether the
method is intended for treatment of
microbiologics, sharps or both

¢ a brief description of the method

¢ statement as to how this method
deactivates, kills, disinfects or steri-
lizes microbiologically contaminated
waste, and attachment of micrabiol-
ogy laboratory results indicating lev-
el of treatment (e.g., disinfection or
sterilization)

* how this method renders sharps
unrecognizable, unusable, and in-
capable of causing puncture injusy

¢ chemical substances or radiologic
methods used

¢ important operational parame-
ters

¢ if the method results in the pro-
duction or release of hazardous sub-
stances

Landfill

Medical waste that has been treat-
ed as described in previous sections
and packaged such that it is clearly
evident that the waste has been effec-
tively treated is no longer subject to
management as medical waste and
may be collected, transported and dis-
posed of as municipal solid waste.
Therefore, once medical waste has
been treated, it may be disposed at a
sanitary landfill as regular municipal
waste.
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and other conditions necessary 1o
their survival, eventually die ofl™
(1bid.. pp. [V.8-9). ** . .bacteria in the
aerated zone above the water table
rarely move downward through ho-
mogeneous soil more than five feet. I
bacteria do enter the saturated zone,
they will travel in a fairly narrow band
a few feer wide and normally will comn-
plctely disappear after travel of about
100 feet downstream Trom the point ot
entry in unconsolidated formation.
Theretore, if solid wastes arc deposit-
ed in a properly constructed sanitary
landtilt, there should be little chance
of contarination of groundwater with
pathogenic micro-organisms’ (DeRoos,
R. 1972. Environmental Considera-
tions in the Ultimate Disposal Choice
for Hospital Waste {unpublished} in
Minnesota, 1988, 1V-9.),
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Sewer

“Certain ivpes of infectious waste
water are routinely sterilized by heat
hetore they are discharged into the
SANIAry sewer system or into a receiv-
ing stream such as a river. Examples of
these wastes include some wastewaters
from research and industrial labora-
torics and from pharmaceutical pro-
duction. For these wastewaters, the
treatiiment ol choice is often thermal
inactivation/Sscerilization’ (Reinhardt
and Gordon, 1991, p. 111,

State and local wastewater quality
regulations usually impose limitson a
variety of constituents and parameters
including chemicals, pH, organic ma-
terial (biochemical oxygen demand or
BOD), and total suspended solids
(Reinhardr and Gordon, p. 121).

Vi

b

Sewer

Liquid medical waste can be dis-
posed of into a health department
approved on-site septic systeny or a
sanitary sewer system for treatment at
the wastewater treatment plant if the
systemn s not a combined sanitary;
storm sewer system. Untreated medi-
cal wastes should not be placed into
a combined sanitarystorm sewer sys-
tem. Medical waste disposed of 1o the
samitary sewer system must meet state
and local regulations on wastewater
guality.

The grinding and sewering of medi-
cal waste solids causes two concerns:
the potential for the generation of an
infectious aerosol and the clogging of
sewer lines with a rope-like material
that can form as a result of increased
organic matter loading into the sys-
tem. Sewers are suitable for the dis-
posal of liquid wastes only.
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