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The Agency for Toxic Substances and Disease Registry (ATSDR) report "The Public Health Implications of
Medical Waste: A Report to Congress" has been finalized and submitted to Congress. The report is a
comprehensive review of all available data and information on the subject. Based on the data developed in the
report, ATSDR concludes that the general public is not likely to be adversely affected by medical waste
generated in the traditional health setting. However, the increase of in-home health care and other sources of
nonregulated medical waste (e.g., intravenous drug users) provides opportunities for the general public to
contact medical waste. In addition, ATSDR concludes that public health concerns exist for selected occupa-
tions involved with medical waste. These populations include janitorial and laundry workers, nurses,
emergency medical personnel, and refuse workers. The ATSDR report also defines what material should be
managed as medical waste and identifies research needs related to medical waste.

Introduction
The proper management and disposal of solid waste

(hazardous, medical, and residential) in the United States
is a concern to health and environmental authorities and
citizens alike. Concern has developed over the years with
revelations that hazardous and medical wastes have been
improperly disposed of and has mounted with the growing
realization that our residential solid waste is increasingly
difficult to manage.

In the last decade, the public has become increasingly
concerned about the proper disposal of medical waste. In
response to the public outcry, state and local legislators
have promulgated regulations and statutes governing the
management of medical waste. These statutes rely on a

variety of management systems to accomplish their goals
and require the management and/or tracking of different
types of medical waste. To assist in developing national
policy on the management of medical waste, the U.S.
Congress passed the Medical Waste Tracking Act of 1988
(MWTA), enacted into law on November 1, 1988, and
codified at 42 U.S.C. 6992 et seq.

Section 11009 of the MWTA requires the Administrator
of the Agency for Toxic Substances and Disease Registry
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(ATSDR) to prepare a report on the health effects of
medical waste and mandates the report be submitted to
Congress within 24 months after enactment. In addition,
Section 11009 specifies that the report must include the
following information:

(1) A description of the potential for infection or injury
from the segregation, handling, storage, treatment, or
disposal of medical wastes.

(2) An estimate of the number of people injured or
infected annually by sharps, and the nature and serious-
ness of those injuries or infections.

(3) An estimate of the number of people infected
annually by other means related to waste segregation,
handling, storage, treatment, or disposal, and the nature
and seriousness of those infections.

(4) For diseases possibly spread by medical waste,
including acquired immune deficiency syndrome and hepa-
titis B, an estimate ofwhat percentage ofthe total number
of cases nationally may be traceable to medical wastes.

Development Methodology of the
ATSDR Medical Waste Report
To prepare the required report, pertinent data sources

were identified through several methods. Figure 1 depicts
the data-gathering scheme used for theATSDR report. An
announcement was published in the Federal Register
requesting any relevant data and information on infection
and injury associated with the segregation, handling,
storage, treatment, and disposal ofmedical waste (1). Data
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FIGURE 1. Data-gathering scheme for the ATSDR Medical Waste
Report.

and information were also solicited from individual profes-
sional associations, unions, environmental groups, aca-
demia, and industry.
A Federal Advisory Panel was established to assure the

ATSDR report is based on the best contemporary science.
The panel advised ATSDR on the preparation of the
report, reviewed drafts of the report, and assisted with
questions of science related to data in the report. The
Federal Advisory Panel consisted of representatives from
the Centers for Disease Control (CDC), National Insti-
tutes of Health (NIH), Environmental Protection Agency,
Food and Drug Administration, Health Resources and
Services Administration, Indian Health Service, Alcohol,
Drug Abuse, and Mental Health Administration, and
Health Care Financing Administration. In addition to the
agencies on the Federal Advisory Panel, the Department
of Defense (DOD), Department of Veterans Affairs, and
the Occupational Safety and Health Administration were
requested to provide any pertinent information and data.

State health and environmental departments nation-
wide 'were contacted to obtain relevant data and informa-
tion on the public health implications of medical waste. As
part of a cooperative agreement between National Gover-
nors' Association (NGA) and ATSDR, NGA conducted a
survey of every state health and environmental depart-
ment. To supplement the NGA effort, ATSDR regional
staff solicited information in their respective regions.

In addition, the state health departments of Arkansas,
Connecticut, Delaware, Illinois, Louisiana, Maine, Mary-
land, Massachusetts, Michigan, Minnesota, New Hamp-
shire, New Mexico, Ohio, Oklahoma, Rhode Island, Texas,

and Wisconsin conducted an injury survey. The state
health department survey's objective was to collect infor-
mation concerning medical waste-related injuries from
sharps in selected occupations (e.g., health care, janitorial,
and refuse workers) and to provide baseline injury data for
these occupational groups. The participation of a state in
the survey was based upon obtaining a cross-sectional
representation of the United States (e.g., rural and urban)
and the willingness of the state to undertake this project.
During the summer of 1989, the 17 states mailed ques-

tionnaires to licensed hospitals, nursing homes, public
health clinics, and solid waste facilities within their juris-
dictions. The questionnaires requested information on
medical waste-related sharp injuries that occurred in 1988.
Two questionnaires were used. Based on the injury
records maintained by the facilities, the number of total
injuries and medical waste-related injuries from sharps
were reported by job. In five states (Arkansas, Louisiana,
New Mexico, Oklahoma, and Texas), injuries were
recorded for the generic categories of patient care pro-
viders, nonpatient care providers, solid waste collectors,
and solid waste handlers. In the second survey of 12 other
states (Connecticut, Delaware, Illinois, Maine, Maryland,
Massachusetts, Michigan, Minnesota, New Hampshire,
Ohio, Rhode Island, and Wisconsin), more specific catego-
ries of patient care providers, laboratory workers, house-
keepers, all other workers (health care facilities only), solid
waste collectors, solid waste handlers, and solid waste
collectors and handlers were used. For each facility, an
employee was defined as any individual employed for at
least 1 month at the facility during 1988.

Approximately 57% of all the questionnaires mailed by
the 17 states were returned. The populations covered by
the returned questionnaires are 1,050,792 health care
providers and 88,844 refuse workers (232,961 health care
providers and 8,082 refuse workers for the 5-state survey,
and 817,831 health care provides and 80,762 refuse work-
ers for the 12-state survey, respectively) (2).
A thorough literature review was conducted during the

data collection phase of the report. The review began with
a computer search of Medline (key words: medical, infec-
tious, pathological, and hospital waste; hepatitis B; and
AIDS). The pertinent journal articles were obtained and
reviewed. The reference sections of each article reviewed
were cross-referenced. Contacts with academia, profes-
sional associations, environmental groups, and other inter-
ested parties helped identify additional pertinent
literature. More than 500 journal articles, reports, and
books were reviewed.
The review process for the report consisted of an inter-

nal ATSDR review, a review by the Federal Advisory
Panel, an external peer review by a panel composed of
representatives from academia, professional associations,
state health departments, and other relevant organiza-
tions, and a public comment period (January 30-April 2,
1990). During the public comment period, the U.S.
Environmental Protection Agency reviewed the report.
After the public comment period, the report was reviewed
by the Public Health Service and U.S. Department of
Health and Human Services.
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Findings of the ATSDR Medical
Waste Report
The ATSDR report has six major findings, covering the

potential for injury and infection from medical waste,
estimates of the annual number of medical waste-related
injuries from sharps, estimates of the annual number of
medical waste-related infections from sharps, medical
waste-related infections by means other than sharps, the
percentage of infectious diseases attributable to medical
waste, and data limitations. For the purposes ofthe report,
medical material was considered waste only after it has
been discarded (2).

Potential for Injury and Infection from
Medical Waste
The potential for injury and infection from medical

waste segregation, handling, storage, treatment, or dis-
posal can best be described as a chain of events. This chain
of events is depicted in Figure 2. For infection to occur,
each of these events must take place: an individual must
come in contact with medical waste; an injury must occur

following this contact, thereby creating an appropriate
portal of entry, or a portal of entry must already exist; and
a sufficient number ofviable infectious agents must enter a
susceptible individual via this portal of entry, then cause
infection. Infection does not always result in disease.
Of these four requirements, an appropriate portal of

entry is the most important determinant in the infectious
disease transmission process. Medical sharps (hypoder-
mic needles, broken glass, scalpel blades, etc.) are inher-

FIGURE 2. Chain of events required for medical waste-related injury,
infection, and disease.

ently capable of creating an appropriate portal of entry
(cuts, scrapes, punctures, etc.) for viable infectious agents
to enter the body. Therefore, injuries from sharps have the
greatest potential to cause infection and disease. Infection
or disease associated with nonsharp contact can occur
only when a portal of entry already exists or when con-
taminated free-flowing blood or blood products enter the
body via a mucous membrane. Because most medically
related injuries from sharps occur during patient care, the
greatest potential for infectious disease transmission from
medical waste is in the health care setting.
The potential for injury and infection related to medical

waste varies with the type and extent of each occupational
subgroup's involvement in medical waste management.
Some occupational groups, such as janitors in the hospital
setting, have a greater potential for medical waste-related
injuries and infections than other occupational groups,
such as chemical waste site clean-up workers, because they
have a greater opportunity for contact with medical waste.

Estimates of the Annual Number of Medical
Waste-related Injuries from Sharps

To determine the number of people injured annually
from medical waste sharps (discarded sharps), four
sources of data were used: the medical waste-related
injury survey conducted by 17 state health departments,
which specifically requested only medical waste-related
injuries be reported; data provided to ATSDR by the solid
waste industry and by the DOD, which also reported only
medical waste-related injuries; and scientific literature.
The scientific literature, however, reported the total num-
ber of needle-stick injuries (medical waste- and patient
care-related) that occurred in hospital staff.
To use the data reported in the scientific literature, it

was necessary to adjust the data to reflect only medical
waste-related injuries. This adjustment was accomplished
by identifying activities associated with medical waste-
related injuries. Possible medical waste-related activities
include cleaning, handling trash, and brushing up against
the needle disposal box. A study conducted by Neuberger
and co-workers (3) identified needle injuries by activity. Of
the total number of needle-stick injuries reported by
Neuberger et al. for each population, the following propor-
tions were possibly attributable to medical waste: 4% for
laboratory staff, 12.6% for registered nurses, 32% for
licensed practical nurses, and 90% for janitorial and laun-
dry (housekeeping) staff (3). This information was used to
adjust the total number of needle-stick injuries pr'esented
in other scientific literature used in the report. All these
scientific studies consisted of retrospective reviews of
needle-stick injury records or surveys of past unreported
needle sticks, were conducted in similar size hosDitals, and
covered periods of a year or more.
The estimates derived from all four main data sources

(the medical waste-related injury survey conducted by 17
state health departments, data provided to ATSDR by the
solid waste industry and the DOD, and scientific litera-
ture) are subject to certain biases and inaccuracies.
Underreporting of injuries is likely because of worker
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concerns about expressions of blame, the time required to
complete the reports, and a lack of concern by some
employees. Additionally, data collected from multiple
sources may not reflect identical degrees of involvement or
encompass similar group deflnitions. Individual data
sources' biases are compounded when sources are com-
bined. To avoid as many biases and inaccuracies as
possible, data sources were not combined. Whenever
possible, a range of estimates was determined for each
occupational work group. These ranges reflect worst- and
best-case situations.
The method of calculating the estimated medical waste-

related sharp injuries is presented in Figure 3. For each
occupational subgroup, an annual range of injury was
computed by using the worst- and best-case (high and low)
injury rate obtained from the four sources. The annual
number of employees in each occupational subgroup was
obtained from a variety of sources, including the Depart-
ment of Labor, State Licensing Boards, the American
Hospital Association, the American Dental Association,
and the National Safety Council. (2). Table 1 presents the
estimated annual range of medical waste-related injuries
from sharps for nonhospital and hospital employees.

Estimates of the Annual Number of Medical
Waste-related Infections from Sharps

Injuries from sharps (e.g., punctures, cuts, abrasions)
disrupt the skin's integrity and may introduce infectious
agents into the wound. Not all injuries from sharps result
in infection. As discussed earlier, a sufficient number of
viable infectious agents must be transported into the
wound of a susceptible host before infection can occur.

Scientific literature has reported the transmission of
infectious agents by contaminated sharps. However,
almost all these transmissions occurred during patient
care or laboratory procedures (before the sharp was dis-
carded), and therefore are not associated with medical
waste. At present, only one occurrence of infectious dis-

FIGURE 3. Methods of calculating estimated medical waste-related inju-
ries, infections, or disease. Each calculation must be made separately for
each occupational subgroup and for each route of contact. Prevalence of
contaminated material was based on the seroprevalence of infected
individuals in the health care setting. Prevalence of infected individuals
was based on seroprevalence surveys conducted in hospitalized popula-
tions. Seroconversion rates were obtained from case studies of exposed
workers. Clinical disease rates among seroconverted individuals were

obtained from case studies.

ease transmission possible associated with a medical
waste sharp has been reported: a housekeeper in a hospi-
tal developed staphylococcal bacteremia and endocarditis
after a needle injury (4).
To date, no information is present in the scientific litera-

ture on the potential of infectious agent transmission from
discarded sharps other than this one reported case of
infectious disease transmission from a needle. However,
needle injury rates associated with medical waste have
been reported for several health care worker populations.
These needle injury rates can be used to calculate a

theoretical infectious disease transmission rate (Fig. 3).
Injury, infection, and disease can be described as steps in a
chain of events. Each of these events has a unique proba-
bility of occurrence, which varies for each population
potentially involved.

Table 1. Estimated annual range of injuries, the theoretical estimate of annual number of HBV and HIV infections, and the theoretical
estimate of annual number of hepatitis B disease and AIDS in nonhospital and hospital employees as a result of medical waste-related

injuries from sharps.
Sharps HBV Hepatitis HIV AIDS

Subgroup injury range infections B cases infections cases

Nonhospital employees
Physicians 500-1,700 1-3 < 1-2 <1 <1
Registered nurses 17,800-32,500 36-65 18-33 <1 <1
Licensed practical nurses 10,200-15,400 20-31 10-15 <1 <1
Emergency medical personnela 12,000 24 12 <1 <1
Dentists 100-300 <1 <1 <1 <1
Dental assistants 2,600-3,900 5-8 3-4 <1 <1
Refuse workers 500-7,300 1-15 <1-7 <1 <1

Hospital employees
Physicians/dentists/interns 100-400 <1 <1 <1 <1
Registered nurses 9,800-17,900 20-36 10-18 <1-1 <1-1
Licensed practical nurses 2,800-4,300 6-9 3-4 <1 <1
Laboratory workers 800-7,500 2-15 1-8 <1 <1
Janitorial/laundry workers 11,700-45,300 23-91 12-45 <1-3 <1-3
Hospital engineers' 12,200 24 12 <1 <1

Abbreviations: HBV, hepatitis B virus; HIV, human immunodeficiency virus; AIDS, acquired immune deficiency syndrome.
aOnly one injury rate was available in order to calculate the injury range and infections.

Estimated number of medical waste-related injuries =
(number of persons in each occupational subgroup) x

medical waste-related injury rate

Estimated number of medical waste-related infections =
(number of medical waste injuries) x (prevalence of
contaminated material) x (seroconversion rate)

Estimated number of medical waste-related diseases =
(number of medical waste related infections) x (clinical

disease rate among seroconverted individuals.
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To calculate a theoretical infectious disease transmis-
sion rate, it is necessary to determine the probability that
any sharp instrument will be contaminated with an infec-
tive dose (a sufficient number of infectious agents), that
infection will occur following an injury with that sharp,
and that this infection will result in disease.

Estimates of the prevalence of sharp contamination are
not available, but a surrogate of this rate can be based on
the prevalence of persons with an infectious disease enter-
ing the health care setting. (This assumes the use of
medical sharps is equal among all patients.) Information
on the prevalence of persons with human immunodefi-
ciency virus (HIV) and hepatitis B virus (HBV) in the
health care setting is available.
The Centers for Disease Control has developed a net-

work of hospitals to monitor HIV-antibody prevalence.
Survey data are anonymous and are not linked to identifia-
ble individuals, but they include patients of all ages being
treated for conditions not known to be related to HIV.
From January 1987 to March 1989, 32 sentinel hospitals
submitted a total of 129,929 blood specimens for HIV
testing. The crude median HIV seroprevalence was 0.8%.
Ranking all sentinel hospitals according to their measured
seroprevalence indicates 25% of the hospitals have sero-
prevalence values of less than 0.3% (25th percentile) and
25% have seroprevalence values ofgreater than 2.0% (75th
percentile) (staff of the Surveillance Branch, Division
HIV/AIDS, Center for Infectious Diseases, CDC, per-
sonal communication). The use of these data to calculate
annual estimates of HIV infections related to medical
waste injuries should be guided by the following considera-
tions.

a) Sentinel hospitals are not a representative sample of
all hospitals in the United States. These hospitals are
primarily university affiliated, and all are urban. There-
fore, these prevalence in sentinel hospitals is likely to be
higher than among all U.S. hospitals.

b) Sentinel hospital patients eligible to participate in this
study are not a cross-section of all patients in sentinel
hospitals. Specifically, patients who are known to have
HIV-related disease or risk factors for HIV infection are
excluded from the sample. This would, in effect, underesti-
mate the true seroprevalence in these institutions.

c) Sentinel hospital data are standardized by age and
gender to the U.S. population. Because patients in hospi-
tals are older than the average U.S. population, the overall
seroprevalence in sentinel hospitals and all other hospitals
is likely to be lower than the standardized rates.

d) Sentinel hospital patients are sampled only once per
year. It is possible HIV-infected patients have multiple
blood draws during the course of their hospitalization.
Therefore, the prevalence of HIV-contaminated needles or
other medical waste could be higher than that measured in
the sentinel hospital study.

Given the limitations of the sentinel hospital data, a
range was used to represent the probability a random
sharp inside a hospital is contaminated with HIV. The
seroprevalence values to determine the probability are the
25th and 75th percentile values (0.3-2.0%) and the crude
median (0.8%).

The most appropriate data on HIV seroprevalence in
outpatients are available from an ongoing laboratory-
based survey of primary care outpatients. This survey
uses leftover blood specimens submitted to a national
clinical laboratory for complete blood count or hematocrit
(the most commonly ordered diagnostic tests) by approx-
imately 15,000 pediatricians, general internists, and family
practitioners. These specimens include all primary care
outpatients, and unlike the sentinel hospital study, this
survey does not exclude patients seen for reasons related
to HIV clinical syndromes or risk behaviors. From Janu-
ary to August 1989, the seroprevalence from 49,565 speci-
mens was 0.65% (staff of the Surveillance Branch,
Division HIV/AIDS, Center for Infectious Diseases, CDC,
personal communication) The use ofthese data to calculate
annual estimates of HIV infections related to nonhospital-
based generated medical waste should be guided by the
following considerations:

a) Data from this study include only specimens received
from primary care physicians. Infectious disease special-
ists are likely to have patient populations with sero-
prevalences considerably higher than those included in the
report.

b) Although the laboratory is national, a disproportion-
ate number of specimens are submitted from urban areas.
This bias cannot yet be fully assessed, but is likely to
overestimate true nationwide HIV seroprevalence.

c) Primary care outpatients are sampled only once per
year. It is likely many HIV-infected patients have multiple
blood draws during the course of a year. Therefore, the
prevalence of HIV-contaminated needles or other medical
waste may be higher than that measured in the study.
Preliminary data suggest the overall prevalence of HIV
infection in all specimens (including all specimens from
those patients who had multiple blood samples drawn in a
single year) is at least 20% higher than the observed
seroprevalence in the primary care study.
Because of these data limitations, a probability of 0.8%

was chosen as the prevalence of HIV sharp contamination
outside a hospital. This prevalence is about 20% higher
than the observed seroprevalence in the primary care
outpatient survey (0.65%) to compensate for the fact that
the primary care outpatient survey samples individuals
only once per year.
The probability that any injury from an HIV-con-

taminated sharp will result in seroconversion of the indi-
vidual injured has been reported in several case studies of
health care workers. To date, all reported cases are related
to patient care and are not associated with medical waste.
CDC reported a seroconversion rate of 0.42% among 1201
health care workers (5,6). In 1987, Gerberding reported
that only 1 occupational transmission could be documented
following 224 needle-stick blood exposures in 180 health
care workers. The corresponding seroconversion rate in
that study was 0.45% (7). In 1990, Henderson summarized
all cases related to HIV seroconversion following injury
from a sharp or significant blood contact. In that review, he
summarized 1389 reports of percutaneous exposures of
1320 persons of which 5, or 0.36% have experienced HIV
seroconversion (8). A principal characteristic of those
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cases is that they represent persons injured with a needle
containing freshly drawn blood or other body fluids con-
taminated with a sufficient number of viable HIV These
seroconversion rates are better representative of patient-
care activities than of medical waste-related injuries and
may overrepresent the potential for infections occurring
several hours to days later, because HIV is a very fragile
virus that quickly becomes nonviable once removed from
an infected individual.
At present, all individuals infected with HIV are likely

to develop clinical AIDS. Therefore, for the purpose of the
calculations presented in the ATSDR Report, it is assumed
100% of the infected individuals will ultimately manifest
disease.
The potential for hepatitis B virus infection following an

injury with an HBV-contaminated needle in the health
care setting is greater than for HIV because more people
in that setting are HBV infected and HBV is transmitted
more efficiently than is HIV (9). The prevalence of persons
with HBV entering the health care setting is approx-
imately 1% (seroprevalence). The potential for developing
infection when injury occurs from a sharp known to be
contaminated with HBV is 20% (seroconversion). Upon
HBV infection, 50% of infected individuals will manifest
disease (9).
Both the HBV seroprevalence and seroconversion rates

(1 and 20%, respectively) used to estimate medical waste-
related HBV infections and disease cases represent
median values. In contrast with the limited data available
on HIV, substantial information related to HBV sero-
prevalence and seroconversion is available to justify the
use of median values rather than a range, as if the case for
HIV (sentinel hospital survey).
The information needed to calculate a theoretical trans-

mission rate for infectious diseases other than HIV and
HBV is not available. Table 1 presents the theoretical
estimate of the annual number of HBV and HIV infections
and hepatitis B and AIDS cases in nonhospital and hospi-
tal employees as a result of medical waste-related injuries
from sharps.
These estimates are upper-limit theoretical estimates

because the probability of infection is based on case stud-
ies of persons who came in contact with freshly drawn
blood or other body fluids-an event more likely to occur
during patient care than during medical-waste handling.
In addition, some persons may be immune to HBV infec-
tion because of prior exposure or immunization (10). The
estimates did not take into account the rapid decline of
viable HIV outside a living host (11). Because data were not
available to determine how many janitorial and laundry
workers, laboratory workers, and building engineers are

employed at nonhospital facilities that generate medical
waste, estimates could not be derived for these workers in
those settings.

Medical Waste-related Infections by Means
Other Than Sharps
No documented information was available on infections

resulting from contact with medical waste by means other

than sharps. Based on data obtained from the scientific
literature, serological evidence of hepatitis B infection was
associated with involvement with blood and blood products
and with occupational categories frequently contacting
blood and blood products (nurses, laboratory workers, and
janitorial staff), but not with direct patient contact. None of
the HIV infections attributed to dermal contact or mucous
membrane contamination was associated with medical
waste (2).

Percentage of Infectious Diseases
Attributable to Medical Waste

According to theoretical calculations, a maximum of
approximately 162-321 HBV infections related to medical
waste sharps could occur annually. The CDC estimates
that approximately 300,000 HBV infections occur in the
United States yearly (12). The 162-321 HBV infections
estimated to occur as a result of contact with medical
waste sharps would account for 0.05-0.1% of the total
number of HBV infections occurring annually in the
United States.

Theoretically, a maximum of approximately 81-160 hep-
atitis B disease cases related to medical waste sharps are
estimated to occur annually. According to CDC, approx-
imately 150,000 acute cases of hepatitis B occur in the
United States annually (12). Based on this information, the
maximum theoretical percentage of hepatitis B disease
cases occurring annually that may be related to medical
waste sharps is 0.05-0.1% of the total number of HBV
clinical disease cases occurring annually in the United
States.
Based on the data developed in this report, there is a

theoretical possibility that a maximum of less than one to
four cases of AIDS per year could occur as a result of
contact with medical waste sharps. As of December 31,
1989, a total of 117,781 AIDS cases had been reported to
the CDC (13). For 1989, the total number of AIDS cases
reported to CDC was 35,238 (13). Consequently, contact
with medical waste sharps may account for <0.003-0.01%
of all the 1989 AIDS cases in the United States. Contact
with nonsharp medical waste may make an unknown
contribution to the total number of HBV and HIV infec-
tions and cases. However, this contribution would be con-
siderably less, based on the principles of infectious disease
transmission.

Data Limitations
Estimates of the health impact of medical waste were

developed by defining the chain of events necessary to
result in medical waste-related injury and infection and
then estimating the probability of each of these events
through the use of data from reported surveys or studies
or by using surrogate measurements. No objective evalua-
tion of the number of injuries or infections resulting from
contact with medical waste has previously been per-
formed. Measuring injuries and infections is difficult and
subject to many biases.
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Estimates of the population size for any worker group
may be biased because the degree of organization and skill
level may vary. Numbers of professional health care pro-
viders, who are well organized and typically require more
licensing for employment, may be easier to estimate than
those of unskilled labor forces such as janitorial or refuse
workers. In addition, the accuracy of data sources may
vary. For example, physicians licensed to practice in more
than one state may contribute to higher-than-actual esti-
mates because of multiple counting.
The injury rates developed in the report are based on

four studies found in the scientiflc literature (3,14-16). One
of those studies used active data collection as injuries
occurred, and the other three used retrospective surveys
or case-report analyses. The major bias in all the studies is
underreporting of injuries. Without active, nonpunitive
encouragement of case reports, many injuries may go
unreported. The underreporting rate may vary with the
occupational group. Unskilled workers, who may not be
able to assess the need for treatment, may be more likely to
report an injury in an encouraging environment than busy
physicians or nurses would be. The accuracy of relating the
injury to medical waste may be a bias of unpredictable
influence on the injury rates. Because most data were not
collected with medical waste as a primary part of the
project, recording this information may not have occurred
to the fullest possible extent.
The 17 state health department medical waste injury

survey may suffer similar biases. The case reports were
completed by company management representatives who
may have difficulty in relating past injury case reports to
medical waste. It is unknown whether nonparticipants
would have relied similarly to the participants; however, it
is unlikely they would.

Conclusions of the ATSDR Medical
Waste Report
The 15 major conclusions of the report as are follows.

The general public's health is not likely to be adversely
affected by medical waste generated in the traditional
health care setting. Outside the health care setting, the
potential for HBV or HIV infection in the general public
following medical waste-related injuries is not likely to be a
health concern. However, needle-stick injuries may cause
local or systemic secondary infections, similar to injuries
from nails.
The increase of in-home health care provides oppor-

tunities for the general public to contact medical waste. In
addition, other sources ofnonregulated medical waste may
also present opportunities for medical waste contact.
Based on estimates of the number of medical waste-
related HIV and HBV infections and disease cases,
occupational health concerns exist for selected occupations
involved with medical waste. Those populations include
janitorial and laundry workers, nurses, emergency medical
personnel, and refuse workers.
When in effect, the recently proposed regulations by the

Department of Labor's Occupational Safety and Health
Administration (OSHA) (17) should decrease workplace

medical waste-related injuries and infections nationwide.
This disease should be achieved through increased aware-
ness, regulatory control, and immunization.
From a public health standpoint, medical waste should

include the following categories of waste material: cul-
tures and stocks, pathological wastes, blood and blood
products, sharps, animal waste, selected isolation waste,
and unused, discarded sharps.
The amount of medical waste generated by in-home

health care and hospice care is underappreciated and is
expected to increase, because treating individuals in those
settings is becoming more and more common. As a result,
refuse workers may experience an increase in needle-stick
injuries caused by medical waste discarded with residen-
tial waste, resulting in an increased opportunity for infec-
tion and disease in this occupational subgroup.

Illicit intravenous drug users (IVDUs), who have high
rates ofHIV and HBV infection, are a significant source of
discarded sharps. (It is thought there are approximately
1.1 million-1.3 million illegal IVDUs nationwide.) The gen-
eral public could come in contact with these discarded
sharps and thus have an increased opportunity for injury
and infection. A lack of data prevents estimating the
potential HIV and HBV infection rates from IVDU-
related waste.

Scientific studies indicate that, outside a living host,
numbers of the human immunodeficiency virion rapidly
decline, and the virus does not remain viable after a few
days. Thus, persons coming in contact with medical waste
outside the health care setting have a very low potential for
HIV infection. HBV, however, does remain viable for an
extended time outside a host. Consequently, the potential
for HBV infection following contact with medical waste is
likely to be higher than that associated with HIV.
The number of persons infected with the human immu-

nodeficiency virus is anticipated to increase in the future.
Based on the data analyzed and the methods of calculating
the estimates for medical waste-related injuries, infec-
tions, and disease developed in this report, a maximum of
less than one to four cases of AIDS per year (<0.003-
0.01% of all the 1989 AIDS cases in the United States) are
estimated to occur in health care workers as a result of
contact with medical waste sharps. However, the increase
in the number of persons infected with HIV is expected to
increase the potential for medical waste-related HIV
transmission in the health care setting. Based on the data
analyzed and the methods of calculating the estimates for
medical waste-related injuries, infections, and disease
developed in this report, amaximum ofapproximately 162-
321 HBV infections and 81-160 hepatitis B disease cases
related to medical waste sharps could occur annually. The
162-321 HBV infections and 81-160 hepatitis B disease
cases estimated to occur as a result of contact with medical
waste would account, respectively, for 0.05-0.1% of the
total number ofHBV infections and 0.05-0.1% of hepatitis
B clinical disease cases occurring annually in the United
States.
Communicable diseases spread within medical facilities

are usually the result of community-acquired (preexisting)
or nosocomial (hospital-acquired) infections. Although,
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theoretically, communicable diseases may be transmitted
by medical waste, the probability of such transmission is
generally considered to be remote. Appropriate preventive
health measures and personal hygiene practices have
controlled and should continue to successfully control the
incidence of medical waste-related disease transmission
within medical faciliteis.

Medical waste can be effectively treated by chemical,
physical, or biological means, such as chemical decon-
tamination, autoclaving, incineration, irradiation, and san-
itary sewage treatment. Research indicates medical waste
does not contain any greater quantity or different types of
microbiological agents than residential waste, and viruses
present in solid waste tend to absorb to organic matter and
deactivate. Additionally, properly operated sanitary land-
fills provide microbiological environments hostile to most
pathogenic agents. Therefore, untreated medical waste
can be disposed of in sanitary landfills, provided pro-
cedures to prevent worker contact with this waste during
handling and disposal operations are strictly employed. It
is worth noting, however, that 158 million tons of municipal
solid waste are created yearly nationwide. Medical waste is
a part, albeit a small one at 0.3%, of the overall problem of
solid waste management. Clearly, the most effective way to
deal with this issue is to strive to reduce the amount of
waste created, on a small scale in homes or on a large scale
in industrial operations. Simultaneously, the impetus to
recycle, reuse, and reclaim products is paramount to ade-
quately manage solid waste, including medical waste, now
and in the future.
Based on the principles of infectious disease transmis-

sion, the potential for infection resulting from contact.with
nonsharp medical waste is likely to be significantly less
than that related to contasct with medical waste sharps.
The primary reason for the reduced potential is, in con-
trast to sharps, a portal of entry must exist before contact
with nonsharps for infection or disease to occur.

Medical waste adversely affects the environment. In
general, this waste stream contributes to the overall
environmental problem of solid waste disposal in the
United States. Specifically, beach wash-ups and products
of incomplete combustion are among the adverse environ-
mental effects of inadequate medical waste management.
Most environmental concerns related to beach wash-ups
are associated with medical waste primarily generated by
nonregulated sources.

Copies of the ATSDR report (document number PB 91-100271) can be
obtained through the National Technical Information Service, Spring-
field, Virginia.

REFERENCES

1. Agency for Toxic Substances and Disease Registry. Health effects of
medical waste; request for comments and information. Fed. Reg.
54(15): 3741 (1989).

2. ATSDR. The Public Health Implications of Medical Waste: A Report
to Congress. Document no. PB 91-100271, U.S. Department of Health
and Human Services, Public Health Service, Agency for Toxic Sub-
stances and Disease Registry, Atlanta, GA, 1990.

3. Neuberger, J. S., Harris, J. A., Kindin, W. D., Bischone, A., and Chin, T.
D. Y. Incidence of needle-stick injuries in hospital personnel: implica-
tions for prevention. Am. J. Infect. Control 12: 171-176 (1984).

4. Jacobson, T., Burke, J. P., and Conti, M. T. Injuries of hospital
employees from needles and sharp objects. Infect. Control 4: 100-102
(1983).

5. Marcus, R., and the Centers for Disease Control Cooperative Nee-
dlestick Surveillance Group. Surveillance of health care workers
exposed to blood from patients infected with the human immunodefi-
ciency virus. N. Engl. J. Med. 319: 1118-1122 (1988).

6. Centers for Disease Control. AIDS and human immunodeficiency
virus infection in the United States: 1988 update. MMWR 38 (suppl.
no. S-4) (1989).

7. Gerberding, J. L., Bryant-LeBlanc, C. E., Nelson, K., Moss, A. R.,
Osmond, D., Chamber, H. F., Carlson, J. R., Drew, W. L., Levy, J., and
Sand, M. Risk of transmitting the human immunodeficiency virus,
cytomegalovirus, and hepatitis B virus to health care workers exposed
to patients withAIDS and AIDS-related conditions. J. Infect. Dis. 156:
1-8 (1987).

8. Henderson, D. K. HIV-1 in the health-care setting. In: Principles and
Practice of Infectious Diseases, 3rd ed. (G. L. Mandell, R. G. Douglas,
and J. E. Bennett, Eds.) Churchill Livingstone, New York, 1990, pp
2221-2236.

9. Maynard, J. E. Viral hepatitis as an occupational hazard in the health
care profession. In: Viral Hepatitis: A Contemporary Assessment of
Etiology, Epidemiology, Pathogenesis and Prevention (G. H. Vyans, S.
N. Cohen, and E. Schmid, Eds.), The Franklin Institute Press,
Philadelphia, 1978, pp. 321-331.

10. Centers for Disease Control. Racial differences in rates of hepatitis B
virus infection-United States, 1976-1980. MMWR 38:818-821
(1989).

11. Resnik, L., Veren, K., Salahuddin, S. Z., Tondreau, S., and Markham, P.
D. Stability and inactivation of HTLV-III/LAV under clinical and
laboratory environments. J. Am. Med. Assoc. 225: 1887-1891 (1986).

12. CDC. Hepatitis Surveillance Report No. 52. U.S. Department of
Health and Human Services, Public Health Service, Centers for
Disease Control, Atlanta, GA, 1989.

13. CDC. HIV/AIDS Surveillance Report, Year-End Edition. U.S.
Department of Health and Human Services, Public Health Service,
Centers for Disease Control, Atlanta, GA, 1990.

14. Ruben, F. L., Norden, C. W., Rockwell, K., and Hruska, E. Epidemiol-
ogy of accidental needle-puncture wounds in hospital workers. Am. J.
Med. Sci. 286: 26-30 (1983).

15. McCormick, R. D., and Maki, D. G. Epidemiology of needle-stick
injuries in hospital personnel. Am. J. Med. 70: 928-932 (1981).

16. Reed, J. S., Anderson, A. C., and Hodges, G. R. Needlestick and
puncture wounds: definition of the problem. Am J. Infect. Control 8:
101-106 (1980).

17. Occupational Safety and Health Administration. Occupational expos-
ure to bloodborne pathogens; proposed rule and notice of hearing.
Fed. Reg. 54: 23042-23139 (1989).


