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EXECUTIVE SUMMARY

Workers at MWTFs face many safety hazards, including cuts and puncture wounds from
handling sharp medical instruments, noise, microwave radiation, heat stress, and ergonomic
hazards. Thus, the study aimed to accumulate a significant base of knowledge relevant to hazards
identification, potential routes of exposure, evaluation (sampling and analysis), and prevention and
control. The overall objectives for the project were to identify currently available disinfection
systems for infectious waste and to evaluate the worker environment with regards to safety,
aerosol, chemical, blood and microorganism hazards and the use of engineering controls in
controlling exposure. The secondary objectives of the project included identification of three
MWTF (each of a different technology) based on criteria developed through a literature review;
performing Phase 1 field evaluations with emphasis on sampling emissions, safety, and engineering
control assessments; follow up with Phase 2 evaluation focussed on personal sampling; and
writing reports based on the evaluations.

The medical waste treatment processes consist of untreated waste handling, treatment, and
treated waste handling. The aspects of each of these three steps that influence the worker
environment were examined. Untreated waste handling is not specific to any one treatment
process; whereas the treatment and some of the treated waste handling aspects are process
specific.

Site Descriptions

Three technologies at three different sites were included in the Phase 1 assessments: off-
site steam autoclave, off-site microwave, and on-site pyrolysis. The first two facilities used
technologies in place at many other facilities; whereas, the on-site hospital facility used a
prototype method with treatment units that are regularly modified to improve their function and
to test ideas for future models. All three facilities required some manual handling of prepackaged,
regulated medical waste, and the three facilities had proactive, interested, and concerned
management.

At the steam autoclave facility untreated medical waste is delivered by means of tractor
trailers and trucks carrying either sealed cardboard boxes of varying sizes or plastic tubs of
varying sizes. The containers are moved to a processing area either manually or with assistance of
carts or forklifts. The processing involves filling large metal waste bins either manually or with
assistance of a hydraulic dumper. The bins are weighed then mechanically moved by conveyor
into an autoclave which treats the waste under steam heat (at approximately 160°C and 80-85
psig) designed to completely disinfect all materials. Following treatment, the bins are
mechanically moved to a hydraulic dumper which deposits the treated waste into a hydraulic
compactor and dumpster. When the dumpster is filled, the treated waste is hauled to an approved
sanitary landfill. This facility treats up to 96 tons per day when running three shifts.



At the microwave facility, the “red-bag’ untreated medical waste is received in 48 gallon
rigid plastic, infectious waste containers. Sharps containers are normally segregated and handled
separately from the other containers. The microwave facility’s drivers manually load the
containers into facility owned/operated trucks and bring them to the facility. The nominally 40
pound containers are manually pulled to a lift gate on the truck, off loaded, and manually stacked
up to 3 high using no mechanical aids. After manifesting and weighing, the containers are
manually opened and dumped into a large bin attached to one of the microwave units. The
process cycle is machine controlled with limited worker action. The large cover on the hopper is
automatically opened, the lift elevates the bin approximately 12 feet and, then, tips the bin. Once
the waste has dropped, the lid closes over the hopper, and the bin is lowered to ground level. The
waste is automatically shredded to material less than approximately 0.5 inch wide. During
treatment, the waste is augured up a closed, inclined tube. The tube has six (6) microwave units
mounted on top and several ports allow steam injection. The treated waste product is gravity-
dropped into a dumpster located outside the building. This facility treats up to 6.6 tons per day
when running 3 full shifts.

For the pyrolysis facility, most of the medical waste is delivered by hospital employees,
while some is trucked in from local small-scale generators. The waste is contained in red bags in
fiber boxes, of a uniform size and shape compatible with the unit, which were packaged and
sealed prior to delivery. A conveyor that parallels the length of each unit is loaded with the
boxes. At the pyrolysis chamber, each box is automatically weighed and the information sent to
the controlling personal computer (PC). When the pyrolysis chamber is empty, the box is
automatically lifted vertically, then moved horizontally over to the top of the unit where it falls
into the pyrolysis chamber. Other than manually placing the boxes on the conveyor, no manual
material handling is involved beyond nominal clean out of ash. This facility treats approximately
40 Ib/hr for each unit and runs 2 shifts per day usually for 4 days per week.

While the three facilities all treated medical waste, there were significant differences in the
process engineering. The two off-site, commercial facilities required extensive manual handling of
the waste, resulting in frequent blood splashes, while the third facility had the waste prepackaged
for ease of handling and smaller likelihood of leaks. The three facilities covered a large range of
throughput. For these particular facilities, the higher the amount of waste treated the higher the
risk of contact with untreated waste. This may not be true for medical waste treatment facilities
overall as the packaging and handling methods are facility specific, not necessarily quantity
specific. _

In addition, the quantity of waste processed by each facility was facility specific as
opposed to technology specific. Each technology could be set up to handle small or large
quantities of waste depending on facility and equipment design. For all three technologies, the
number and size of the treatment machines determines the amount of waste that can be
treated. This amount is not pre-determined by the type of treatment. Smaller steam autoclaves
are available, but the project team sampled at a large scale facility. The microwave facility would
have been able to process less waste if it only had one machine. Conversely several more



machines in the same facility would have allowed much more waste to be treated and, thus,
increased the amount of waste handling and possibly the amount of risk of contamination or
muscle injury to the worker - depending on whether the same handling tactics were still used.
Again for the pyrolysis facility, a similar facility with more machines could handle a larger amount
of waste. Also, as the pyrolysis manufacturers/developers pointed out, the currently used units
are prototypes. The same treatment process could be used in machines built on a much larger
scale and/or using different boxes. Thus the technology used was not the limiting factor on the
amount of waste treated. '

In addition, the technology is not the only factor leading to exposure risk. Another
MWTF with different waste handling methods (as opposed to treatment method) could have
different assessment results. For example a pyrolysis facility that allowed wet or unsealed boxes
would be likely to have more blood exposure risk than the facility described in this report.

Safety

All of the facilities and their technologies had significant positives and negatives in their
health and safety assessment. Based on this limited sample of medical waste treatment facilities,
management was found to be very proactive and to provide extensive worker training and
protective equipment. Many of the negatives were similar to those encountered at any industrial
facility and point to the need for facilities to periodically conduct internal state and federal
compliance audits. For example, required signs were missing, flammable chemicals were found in
non-flammable cabinets, electrical hazards were present, and floors were wet, and potentially
slippery, where liquid had spilled. Also, for two of the facilities, the large amount of manual labor
led to ergonomic concerns over worker back and muscular strain. All workers had the potential
for exposure to blood and other liquids, although the potential was greatly reduced in the on-site
facility where the waste handling was minimized. Worker protection programs were generally in
place but need to be followed carefully and upgraded to include, for example, specific glove use
protocols. Most of the negatives that were found were facility issues that could be readily
remedied.

Engineering Controls

Engineering control problems were not unique to medical waste. Example from the
facilities included the following. There was equipment that let water drain across the floor
resulting in a slipping hazard at the autoclave facility. At the microwave facility, the unit
ventilation system’s inspection found that a HEPA filter was installed backwards allowing bypass
in the air cleanup system and that a worker had to climb into the hopper where the untreated
waste was dumped to clean a screen to allow air flow through the system. At the pyrolysis
facility, a sensor was positioned such that a worker had to enter an enclosed space to clean it.
Most of the engineering control problems could be present at many types of industrial facilities
and are readily amenable to improvement.



Industrial Hygiene

Other than risks posed by safety and blood-borne pathogen exposure issues, the assessed
environmental conditions show little to be concerned about. The results for these areas include:
noise was not shown to be above permissible limits; low microwave radiation levels when the
units are maintained correctly; sufficient ventilation air entered at all facilities; no elevated,
respirable particle concentrations were found; none of the sampled VOCs exceeded the OSHA
permissible exposure limits (PELs) or ACGIH threshold limit values (TLVs); and formaldehyde
concentrations were below the OSHA PEL and ACGIH TLV, but above the NIOSH
Recommended Exposure Limit (REL). In both the autoclave and microwave facilities,
acetaldehyde and acetone were detected, but at concentrations several orders of magnitude lower
than their respective PELs. Short-term, high concentrations of ammonia, not associated with the
medical waste, were found in the autoclave facility. The metals sampling for all three facilities
indicated minimal levels, most lower than the detection limits. Also, no chlorine was detected in
the air in the autoclave facility although a chlorine-based disinfectant was used to clean the empty
tubs. The indoor air quality measurements for temperature, humidity, carbon dioxide (CO,), and
carbon monoxide (CO) showed acceptable levels during the sampling periods for all three
facilities.

Blood Detection

The surface blood contamination evaluations consisted of visual inspection for visible
blood on surfaces, along with the collection of wipe samples for hemoglobin detection. The wipe
samples were positive for hemoglobin in 44 to 64% of the samples. This test could not determine
if the hemoglobin was pre- or post- treatment. For the on-site facility, it is possible that all or part
of the positives were false due to use of a chlorine-based surface disinfectant that was not
revealed to the project team until after the conclusion of the assessment. The recommendation
was made that the Phase 2 sampling trips include blood splash assessments.

For Phase 2, at the autoclave facility, a splash assessment protocol was developed to
monitor for hemoglobin on workers’ upper torso area and on face shields. Seven workers were
evaluated over the two test days, with blood detected visibly and confirmed by hemoglobin testing
on 2 of 6 sample patches from two workers. Of seven workers' face shields monitored over the
two days, two were positive for hemoglobin after the work shift. A moderate amount of
hemoglobin was detected on one face shield, while a trace amount was detected on the other.
Thus, the personal monitoring that was conducted to assess worker exposures to blood splashes
confirmed that workers in the facility who are responsible for the direct handling of the untreated
medical waste containers are at risk for bloodborne pathogen exposures. The test results also
confirmed visual observations of the waste loading or dumping operation that was conducted
during the Phase 1 evaluation, where environmental splashes of blood and other fluids were
noted.

iv



Microbes

The surface microbial contamination assessments for the microbial indicator pathogens,
Staphylococcus aureus and Escherichia coli, showed no S. aureus from any sample. One
autoclave, three microwave, and one pyrolysis samples were positive for E. coli. Other non-
pathogenic environmental organisms, notably a variety of Bacillus species, were isolated in the
sampling and analysis process, but are inconsequential relative to assessing potential worker
exposures to recognized human pathogens. The results in general show little waste
contamination of facility surfaces. The implication of not finding the S. aureus and only
infrequently finding the E. coli, is that some human pathogens in medical waste may inactivate
soon after waste generation due to adverse environmental conditions (such as temperature,
moisture level, and lack of nutrients) encountered during storage and transport. While this
situation is relevant for some vegetative bacterial pathogens, it may not hold true for the more
environmentally resistant and virulent pathogens. The presence of some viable indicator bacteria
suggests that some of the waste being processed was recently generated. Otherwise, the
organisms might have had time to die during transport and storage.

In Phase 2, to assess the potential for infectious agents to be liberated from the steam
autoclave treatment process, bioaerosol monitoring was conducted during the treatment of spiked
and non-spiked medical waste. Indicator organisms used included specific strains of Bacillus
stearothermophilus and Bacillus subtilis globigii var niger. The data from the two bioaerosol
samplers were conflicting: results from the M/G samplers were negative and those for the AGI-
30s were positive for both the non-spiked and spiked treatment cycles. The difference in results
showed the importance of using 1wo different types of bioaerosol samplers. The results are
inconclusive as to whether microorganisms are emitted during the steam autoclave process and
suggest that, within the facility, Bacillus indicator spores are present on various surfaces.

Recommendations

Based on the blood and microbial results, it is recommended that a uniform policy on the
use of gloves be adopted at each facility. Adequate splash protection should be included in the
personal protective equipment. Protective clothing that is worn in the facility should not be worn
home. To reduce transfer of contamination from the waste treatment areas to other areas, shoes
that have been worn in the waste processing area should be changed or covered before entering
office areas. Attention should be given to daily routine cleaning and decontamination of treatment
unit surfaces and other potentially contaminated facility surfaces. Every MWTF should perform
regular health, safety, and engineering control checkups keeping the OSHA regulations in mind;
reduce manual waste handling where possible; provide adequate protective clothing and
equipment and enforce the protocols for using them, and, most importantly, take steps to
significantly reduce exposure to blood and body fluids.

Disclaimer: Mention of company names or products does not constitute endorsement by the
Centers for Disease Control and Prevention.
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1.0 INTRODUCTION

Workers at MWTFs face many potential safety hazards from handling and treating medical
waste, including cuts and puncture wounds from handling sharp medical instruments, chemical
and microbiological exposure, noise, microwave radiation, heat stress, and ergonomic hazards.
Thus, the study aimed to accumulate a significant base of knowledge relevant to hazards
identification, potential routes of exposure, evaluation (sampling and analysis), and prevention and
control. The overall objectives for the project were to identify currently available disinfection
systems for infectious waste and to evaluate the worker environment with regards to safety,
aerosol, chemical, blood, and microorganism hazards and the use of engineering controls in
controlling exposure. The secondary objectives of the project included identification of three
MWTF (each of a different technology) based on criteria developed through a literature review;
performing Phase 1 field evaluations with emphasis on sampling emissions, safety, and engineering
control assessments; follow up with Phase 2 evaluation focussed on personal sampling; and
writing reports baséd on the evaluations. The initial phase of the project resulted in the selection
of a steam autoclave, a microwave, and a pyrolysis facility to evaluate. During the first year
covered by this report, three Phase 1 trips and one Phase 2 visit were completed. This report
covers the four field evaluations.

More than 500,000 tons of medical waste will be processed this year in the United States.
Waste processing will be carried out at various "off-site” commercial treatment facilities, or "on-
site” at the health care facilities, laboratories, or industrial operations where the waste is
generated. The medical waste treatment processes consist of untreated waste handling, waste
treatment, and treated waste handling. The aspects of each of these three steps that influence the
worker environment were examined. Untreated waste handling is not specific to any one
treatment process; whereas the treatment and some of the treated waste handling aspects are
process specific. As the waste is transported, unloaded, treated, and disposed of, workers can be
exposed to a variety of potentially hazardous medical waste components and treatment residues,
to include infectious agents, toxic chemicals, and radioactive materials. They may also be at risk
regarding a number of safety related concerns to include injuries, noise, and ergonomics. At the
present time there is a significant lack of information on the identification, evaluation, and control
of hazards associated with the treatment of medical waste.

There are at least 114 commercial medical waste treatment facilities throughout the 50
states (Malloy, 1995). On average, such facilities operate two to three work shifts and process up
to 100 tons of medical waste each day. It is estimated that the total number of medical waste
treatment workers in the United States, from both the off-site commercial treatment facilities and
the on-site facilities (at thousands of hospitals), easily exceeds 10,000.

Concern for medical waste treatment workers comes from the unique character of the
waste material and varying treatment technologies, with three types of health hazards of particular



concern: infectious agents, hazardous chemicals, and non-ionizing radioactivity. Routes of
exposure can include skin, mucous membranes, inhalation, and ingestion; with hazards present or
generated during treatment as aerosols, particulates, fluids, and sharps. Other concerns include
safety hazards and risks of injury related to lifting, moving, slips, falls, machine guarding, and
electrical problems. While significant hazard information and statistics are available for "health
care workers,” medical waste handlers and treatment workers have not been included in the data
gathering. It is prudent to assume that medical waste workers are at risk for similar occupational
illnesses and injuries as health care workers.

The Occupational Safety and Health Administration (OSHA) standard under section 6(b)
of the Occupational Safety and Health Act of 1970, 29 U.S.C. 655 is to eliminate or minimize
occupational exposure to Hepatitis B Virus (HBV), Human Immunodeficiency Virus (HIV) and
other bloodborne pathogens. Bloodborne pathogen exposure can be minimized or eliminated in a
wide range of occupational settings where the potential exposure to such bloodborne pathogens
may exist. Workers who routinely handle the collection, transport, treatment, and disposal of
regulated medical waste are at risk of exposure by direct contact with blood on,contaminated
surfaces from spills or ruptured containers directly onto open skin cuts, abrasions, eyes, or
mucous membranes; or from accidental needle, scalpel, or glass puncture wounds, or by inhaling
blood aerosols which may be generated from various handling and processing methods. OSHA
has reported data from one medical waste company that the annual needle injury rate is 11 injuries
per 1000 workers (OSHA, 1991). In a survey of occupational exposure of waste industry
workers to infectious waste, fifty percent of the respondents reported having received cuts and
scratches, and twenty-two percent reported direct contact with waste blood (Turnberg, 1990).
This points to a definite need to characterize worker exposure to bloodborne pathogens in the
medical waste treatment industry. Surface and airborne sampling methods were used in order to
assess the potential for worker exposure to bloodborne pathogens in various medical waste
treatment facilities. The information from surface and airborne blood sampling may help to
determine which combination of engineering and work practice controls is most useful in reducing
or eliminating exposures to bloodborne pathogens for each medical waste treatment technology.
Controls may include personal protective clothing and equipment, training, medical surveillance,
HBYV vaccination, signs, labels, and other provisions.

The potential for infectious disease agents to be aerosolized from a medical waste
treatment system was evaluated as part of this study. The demonstration of the release of
airborne agents would indicate a potential risk for waste treatment operators. RTI previously
conducted such a study for the US EPA's Office of Solid Waste (Cole et al, 1993). The results

showed that those points in a medical waste treatment system that were open to the ambient
environment had the potential to release potentially infectious microbial aerosols.

Medical waste contains numerous chemicals that are themselves hazardous to worker
health, and the MWTTF technologies have the potential to generate others. Emissions from
medical waste incineration and potential effects on the environment have been extensively studied



and include particulate matter, metal fumes and dusts, volatile organic compounds, carbon
monoxide, and acid gases such as hydrogen chloride, sulfur dioxide, and nitrous oxides (US EPA,
1991). Little has been done however to characterize the environmental emissions from alternative
technologies, with the exception of a US EPA Office of Solid Waste study on biological emissions
conducted by RTI (Cole et al, 1993); and no research to this time has focused specifically on the
identification and assessment of hazardous exposures to the medical waste treatment workers.
Such an evaluation is the focus of the proposed work.

Radioactive materials are used in a number of medical procedures. However, these wastes
are supposed to be processed separately from the main medical waste stream. Most MWTF pre-
screen the medical waste stream entering the facility with Geiger counters. Any radioactive
wastes found are not processed, limiting the likelihood of MWTF worker exposure to radioactive
chemicals. For this reason, exposure to radioactivity is considered a low probability exposure
hazard at MWTF.

The potential for worker exposure to nonionizing radiation exists whenever microwaves
or other electromagnetic energy-based technologies are used to treat medical waste. The U. S.
Bureau of Radiological Health has set a standard of 5 mW/cm? leakage measured 5 cm from an
oven to reduce the potential for exposure. OSHA has set a maximum of 10 mW/cm? (for
frequencies from 10 MHz to 100 GHz, with microwaves in the range of 2450 MHz), averaged
over a six minute period. A room survey for nonionizing radiation was required since a
microwave-based process was chosen as one of the MWTF technologies for field study.

Workers at MWTFs face many safety hazards, including cuts and puncture wounds from
handling sharp medical instruments, noise, microwave radiation, heat stress, and ergonomic
hazards. Ergonomics issues associated with MWTFs includes injuries from the common practice
of loading large treatment containers by hand, with the associated concern for back injuries,
potential repetitive motion disorders, and overall work tolerance. It is not known if medical waste
treatment facilities provide adequate worker training in the biomechanical area to address
ergonomic Concerns.

The Occupational Safety and Health Administration (OSHA) is a regulatory agency with
responsibility to assure that all employees have a workplace that is free from hazards that are
likely to cause death or serious harm or injury. Due to the potential chemical, biological, and
physical health and safety hazards for workers at medical waste treatment facilities who handle,
process, treat, and dispose of medical waste, a thorough investigation of hazard identification,
evaluation, and control was warranted. This report details the results and conclusions from three
Phase 1 and one Phase 2 assessments. The Phase 1 field studies assessed emissions, safety
hazards, and engineering controls at three MWTF, while the Phase 2 field study completed the
assessment of worker exposure and MWTF hazards at one facility. The technologies
methodologies and results are discussed in the succeeding sections.



2.0 MWTF TECHNOLOGY

The Medical Waste Tracking Act (MWTA) of 1988 defined medical waste as "...any solid
waste which is generated in the diagnosis, treatment, or immunization of human beings or animals,
in research pertaining thereto, or in the production or testing of biologicals...". It categorized
potentially infectious or "regulated medical waste” into seven types: cultures and stocks;
pathological wastes; human blood and blood products; sharps; animal waste; isolation wastes; and
unused sharps. Treatment was defined as "any method, technique, or process designed to change
the biological character or composition of any regulated medical waste so as to reduce or
eliminate its potential for causing disease.” The MWTA also had a destruction requirement that
regulated medical waste be "ruined, torn apart, or mutilated," so as to be unrecognizable and
non-reusable. Many of today's available technologies employ destruction as part of the treatment
process.

Traditionally, incineration has been a method of treatment and destruction of hazardous
chemical waste, municipal solid waste, and pathological waste. It was logical then that when
concern regarding infectious disease agents such as the AIDS and hepatitis B viruses prompted
the treatment of all medical waste, and hence a new industry, that incineration would be used.
Over the past several years however, environmental pollution-concerns have fostered the
development of a variety of medical waste technologies that are presently regarded as viable
alternatives to incineration. Such technologies include steam autoclave, microwave, and
mechanical/chemical disinfection. Newer types of treatment include such facilities as pyrolysis,
plasma, gasification, electro-thermal, and radiowave. The parameters that influence some of the
types of technology, as well as advantages and disadvantages of each are shown in Table 1.
Incineration is included as the traditional and more studied form; steam autoclave, microwave,
and mechanical/chemical as established alternatives; and pyrolysis as the selected example of the
newer technologies.

Incineration is a controlled air combustion process in which waste is reduced to ashes
through a chemical reaction that involves rapid oxidation of the organic substances in the waste
and auxiliary fuels, releasing energy and converting the organic materials to an oxidized form. At
present, most medical waste incinerators normally operate with a temperature in the secondary
combustion chamber that exceeds 1800°F. The smallest controlled air incinerators now available
are rated at 1000 lb/hour.

Steam autoclave treatment combines moisture, heat, and pressure to inactivate
microorganisms. The process has been used for sterilizing medical instruments in hospitals for
decades, and the validation of autoclaving as a sterilization technique for medical equipment and
supplies is well documented. Hospital autoclaves normally operate at a temperature of 121°C
and a pressure of 15 psi for gravity displacement units. A typical laboratory autoclave normally
can treat some 20 lbs of medical waste in one cycle. Prevacuum units, such as ones used for on-
site medical waste treatment operate at 132-138°C and 30 psi, and can treat approximately



Table 1. Medical Waste Treatment Technologies

Influential Parameters Advantages Disadvantages
Incineration' | Turbulence and mixing Reduction of waste volume, weight Public opposition
Moisture content of waste Ability to make waste unrecognizable High investment, operation cost
Filling of combustion chamber Acceptability for all waste types Formation of dioxins and furans
Temperature and residence time Heat recovery potential High maintenance, testing, repair costs
Maintenance and repair Vulnerability to future restrictive emissions
laws
Steam Temperature and pressure Low investment cost Inability to change waste appearance
Autoclave Steam penetration Low operating costs Inability to change waste volume
Size of waste load Ease of biological testing Lack of suitability for some waste types
Length of treatment cycle Creation of residue that is less hazardous | Production of uncharacterized air emissions
Chamber air removal than for incineration Ergonomic concerns
Microwave Waste characteristics Ability to make waste unrecognizable High investment cost
Moisture content of waste Significant volume reduction Increased waste weight
Microwave source strength Absence of liquid discharges Lack of suitability for some waste types
Duration of microwave exposure Production of uncharacterized air emission
Extent of waste mixture Ergonomic concerns
Mechanical/ | Chemical concentration, temperature, | Significant waste volume reduction High investment cost
Chemical pH Ability to make waste unrecognizable Lack of suitability for some waste types
Contact time with chemical Rapid processing Production of uncharacterized air emission
Waste and chemical mixing Waste deodorization Need for chemical storage and use
Recirculation versus flow-through
Pyrolysis Waste characteristics Almost no waste remains Novel technology
Temperature Ability to make waste unrecognizable Air emissions must be treated
Length of treatment cycle Heat recovery potential

Not assessed in this project.




100 Ibs per cycle. The off-site commercial treatment autoclaves operate at- 160°C and 80-85 psi,
and can treat some 3,000 lbs per cycle.

Microwave treatment uses nonionizing radiation to heat medical waste to produce the
thermal inactivation of infectious agents. Typically, waste is fed by continuous batch mode into a
grinding chamber where it is sprayed with steam and mechanically shredded/destroyed to render it
unrecognizable. The waste is then treated with additional steam as it slowly moves via a transport
auger under a series of microwave units. The internal temperature of the waste is maintained at
>95°C. Following microwave exposure, the treated waste is conveyed via an auger tube to a
dumpster or compactor. The treated waste may then be hauled to an approved landfill. The
individual units are designed to treat medical waste at rates ranging from approximately 220 to
900 Ibs/hr.

Mechanical/chemical treatment usually involves a batch or continuous feed process that
combines chemical treatment (and occasionally elevated temperature) with waste shredding at a
capacity of some 2,000 Ibs per hour for off-site facilities or as low a 20 lbs/hr for smaller facilities.
Chlorine-based disinfectants, such as sodium hypochlorite and chlorine dioxide, are typically used
as the inactivating agent. Following destruction and treatment, the solids are separated from the
liquid chemical and are ready for landfill deposition.

Other medical waste treatment technologies exist including pyrolysis, plasma, gasification,
electro-thermal, and radiowave. Of these newer technologies, the one chosen for inclusion in this
study was pyrolysis. Pyrolysis units treat medical waste by pyrolizing waste in a controlled
temperature and pressure environment. The units may operate up to 950 °F with a second
oxidation chamber operating at over 1800 °F. Pyrolysis reduces most medical waste to gases
leaving a small amount of dust and solid debris. Metals and ceramics will not be reduced in size
but will be sanitized by the high temperature in the treatment unit. All remaining solid waste is
collected in a dust bin and emptied as needed.

Emissions from medical waste incineration and potential effects on the environment have
been extensively studied and include particulate matter, metal fumes and dusts, volatile organics,
carbon monoxide, and acid gases such as hydrogen chloride, sulfur dioxide, and nitrous oxides
(USEPA, 1991). Little has been done however to characterize the environmental emissions from
alternative technologies.

In the original proposal and study plan, the project was projected to include assessments
of steam autoclave, microwave, and mechanical/chemical facilities. These types of MWTF were
felt to be the most representative of the waste treatment arena outside of the previously better
characterized incineration facilities. However, at the time the study was underway, access to
commercial off-site mechanical/chemical facilities was limited. Thus the decision process moved
on to look at newer, more novel processes, including pyrolysis, that currently have low
throughput but were thought to be increasing in importance to the industry. In discussions with
the project officer on February 8th, 1996, the project team recommended and received approval



for selection of a pyrolysis site as the third technology to be tested. Therefore, this report covers
assessments of one steam autoclave and one microwave MWTF as examples of fully-developed

technologies, and one pyrolysis facility as an example of smaller installations and of developing
technology.
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3.0 FIELD EVALUATION PROTOCOL OVERVIEW

This report covers results and conclusions from both the Phase 1 and Phase 2 evaluations.
The methodologies varied between the Phases and the facilities. A description of the basic
methodology for each Phase is presented below. Within the Phase 1 descriptions, types of testing
for all three facilities are presented. However only those tests appropriate to each facility were
performed. For example the non-ionizing radiation survey was only performed at the microwave
facility. Details of the methodologies used are presented in Appendices E-P.

3.1 Phase 1 Evaluations: Safety, Emissions, Controls, Surface Biohazards

Phase 1 of the field study portion of the research focused primarily on emissions, safety,
controls, and biohazards. It consisted of the following, as appropriate to the given facility:

an industrial hygiene survey,

a comprehensive safety assessment,

identification of potential emission points from the treatment system or process,
area sampling for identification of target volatile organic compounds (VOCs),
noise and nonionizing radiation measurements,

identification and assessment of existing engineering controls,

preliminary respirable aerosol assessment,

the assessment of blood on surfaces, and

the assessment of microbial surface contamination.

Each of the three selected sites underwent a Phase 1 survey. It was carried out by a field
team of five people: a certified industrial hygienist (CIH), a certified safety professional (CSP), an
experienced microbiologist, an engineer, and an environmental field sampling specialist.

The industrial hygiene and safety assessment surveys observed the facility, the waste
treatment workflow and process, initially identified the hazards and routes of exposure unique to
the waste treatment technology; secure floor plans, engineering control diagrams, and written
safety policy; defined work shifts and worker populations; examined policy related to health
promotion (e.g. hepatitis B vaccine, TB testing); described potential routes of exposure relative to
specific job assignments, identify chemical compounds used or stored in the facility; identified
unsafe procedures, practices or conditions, addressing all safety concerns, including machine
guarding, slips and falls, and ergonomics; and identified training and personal protection devices
currently used.

In addition, a detailed job safety analysis for each of the three facilities was performed
where possible. The assessments focused on identifying unsafe physical conditions and practices
relative to the industrial waste treatment process, as well as areas of concern specific to the
facility, such as fire protection, illumination, electrical safety, housekeeping, materials handling,



and first aid. The facilities compliance with OSHA standards, to include bloodborne pathogens,
confined space entry, personal protective equipment, respiratory protection, and hazardous waste
operations and emergency response were informally assessed, including review of written
programs and procedures for those areas. The safety assessment protocol is presented in
Appendix E.

VOC:s are expected to be components of medical waste, and may be formed and emitted
during the treatment process. Emissions of gaseous and particulate contaminants from medical
waste treatment technologies have not been well characterized. Thus, data were not available for
selecting target chemicals to monitor at the waste facilities. To overcome this, Phase 1 screening
measurements were performed to identify hazardous chemicals to better target the Phase 2
personal sampling.

Phase 1 included not only the identification of target chemicals for personal monitoring,
but also the selection of monitoring locations that accurately represent chemical emissions from
the facilities. Sampling was performed for VOCs, aldehydes, ketones, hydrochloric acid, chlorine,
and metals.

VOC samples were collected over integrated time periods of approximately 4 to 6 hours
during one day at each facility. Using this approach, samples were collected over periods during
which the composition of the waste stream can be expected to vary. This is an alternative to
collecting many short-term samples for multiple batches of waste or for short periods during
continuous operations. Integrated samples over long time periods should contain representative
contaminants throughout the day even if the waste composition is varying. For aldehydes and
ketones sample volumes of 24 to 36 L were collected over a 4 to 6 hour period. Only those
aldehydes/ketones that were measured during Phase 1 screening were target compounds for
Phase 2.

Hydrochloric acid and chlorine are potential contaminants from systems that use sodium
hypochlorite or other chlorine-based biocides. Length-of-stain detector tubes were used to screen
for the presence of these chemicals in air.

Metals were sampled for 4-8 hours at 1-2 L/min using a series of midget impingers. Al of
the area chemical emissions measurement protocols are described in Appendix F.

Noise was measured at all facilities using a Quest Precision Sound Level Meter Model 155
containing a Quest Octave Band Filter Model OB-145 as described int Appendix G. Nonionizing
radiation was measured in the microwave facility using a Narda Microline Microwave detector
Model 8200 (see Appendix G).

For the engineering controls assessment, ventilation, HVAC, and other control devices
were examined. For control devices that include airflow (including the building heating,
ventilating, and air-conditioning (HVAC) and hoods), a hot-wire anemometer was used to



perform flow measurements to determine airflows. The airflow measurements were used to
determine if there was adequate ventilation based on the ASHRAE requirement of a minimum 15
cfm/person. Control devices that could create hazards of themselves were investigated in
conjunction with the hazard identification. As with the ventilation control evaluation, the
evaluation of other engineering controls such as machine guarding, handrails, lifting assistance,
noise control, and workplace ergonomics was performed in conjunction with the safety
assessment. The engineering controls assessment protocol is presented as Appendix H.

A Handheld Aerosol Dust Monitor and an Optical Particle Counter were used to screen
for respirable acrosols as described in Appendix I. The aerosol monitors were used to measure
concentrations near each identified potential emission point and in several locations throughout
the room. Measurements were taken in the regions identified as worker breathing zones to begin
to estimate worker exposure to aerosols.

Surface contamination is also an important consideration in medical waste treatment.
Surfaces with which workers might come in contact were monitored each day for blood
contamination by a wiping procedure followed by elution and testing for blood using the
hemoglobin detection method described in Appendix J.

The risk of medical waste treatment workers to dermal contact with infectious disease
agents was assessed by sampling and analysis of treatment system surfaces for human pathogen
indicator organisms. Areas of treatment systems that might be expected to harbor surface
contamination were evaluated by sampling and analysis for two strains of vegetative bacteria
associated with human infection and/or contamination, Staphylococcus aureus and Escherichia
coli. Appendix K details this method.

3.2 Phase 2 Survey - Personal Samples and Exposure

The Phase 2 survey at each of the three sites focused (or will focus) on worker personal
exposure monitoring using primarily active personal samplers. Phase 2 sampling was planned to
consist of:

Personal monitoring for VOCs identified in Phase 1,

Air quality monitoring (temperature, relative humidity, CO, CO,),
Personal monitoring for blood aerosol, and

Area and emission point monitoring for microbial aerosols.

The actual sampling performed (or to be performed) was determined for each site based
on the Phase 1 assessments. No area sampling for VOCs will be conducted during Phase 2, and
no metals sampling of any kind is planned for Phase 2. The Phase 1 results showed low respirable
particle counts, so no Phase 2 aerosol sampling was needed. Also a blood splash protocol was
developed to replace the planned blood aerosol testing. Since medical waste can vary on a day to
day basis, sampling was conducted over two days. One shift per day was monitored. The field
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team consisted of three people including a certified industrial hygienist, microbiologist, and
environmental sampling specialist. One of the three trips was made in the first year of the project.

VOCs were monitored in Phase 2 using the same multisorbent cartridge method (Tenax
TA, charcoal, and ambersorb) that was employed in Phase 1. The samples were collected at
nominally 16 cc/min for 7-8 hours on 5 workers on each of 2 days. Formaldehyde samples were
collected using 3M 3720 passive formaldehyde badges. Again 5 workers were sampled for 7-8
hours on each of 2 days. Ethanol was measured using a direct reading passive Driger diffusion
tube (part no. 81 01 151) with a detection range of 125-3100 ppm. Five workers were sampled
for 7-8 hours on each of 2 days. Ammonia was sampled using a direct reading Driger tube (part
no. 67 33 231) with a detection range of 0.5 - 30 ppm. Samples were collected over nominally
one minute using a hand held pump (n = 5 strokes). Five ammonia samples were collected on
each of 2 days in the boiler room adjacent to the autoclave processing area. Methanol and n-
propanol were sampled using a direct reading Driger tube (part no. 26 112) with a detection
range of 25-5000 ppm. Samples were collected over one minute using a hand held pump (n = 10
strokes). Five samples were collected on each of 2 days in the autoclave processing area and
adjacent boiler room. The methods used for the personal exposure monitoring are described in
Appendix L.

Area air quality measurements were made at every site using a Metrosonics AQ-501 Air
Quality Monitor in a similar manner to that used in Phase 1. This instrument provides information
on the temperature, relative humidity, carbon monoxide, and carbon dioxide concentrations. The
monitoring protocol is described in Appendix M.

Results from the Phase 1 evaluation indicated a risk for blood and body fluid splashes to
workers loading untreated regulated medical waste into the large treatment bins prior to steam
autoclaving. A splash assessment protocol was developed to collect samples for residual
hemoglobin from the upper torso area of the workers, in addition to residuals on face shields.
Upper body splashes were assessed using cotton patches attached to the front and back of the
workers' shirts. Following a work shift, the patches were assessed for visible blood and
processed using the hemoglobin detection method as previously described. Worker face shields
were wipe sampled prior to a work shift and then again at the end of the shift. Both methods for
sampling and blood detection are described in Appendix N.

. A single area, 6 hour air filter sample for blood aerosols was collected on each of the two

days and processed for hemoglobin as previously described. The samples were collected in the
waste handling area. This method is described in Appendix O. ‘
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4.0 GENERAL SAFETY HAZARDS

Three sites were included in the Phase 1 assessments: one steam autoclave, one
microwave, and one pyrolysis. Of these, the steam autoclave and the microwave facility were off-
site facilities, while the pyrolysis unit was on-site at a hospital. The first two facilities used
standard methods used at many other facilities; whereas, the pyrolysis facility used a prototype
treatment method with units that are regularly modified to improve their function and to test ideas
for future models. All three facilities involved some manual handling of prepackaged waste. All
three facilities had proactive, interested management.

This section includes a detailed listing of findings. This review was as "global" as possible
to include reference to OSHA regulations as well as good practices. This review was limited by
the time available for the facility inspection, the number of job tasks reviewed, and the limited
specific record review. This examination focused on unsafe conditions, engineering controls, and
compliance training materials. Limited review of unsafe acts and enforcement was done.

In the steam autoclave untreated medical waste is delivered to the facility by means of
tractor trailers and trucks carrying either sealed cardboard boxes of varying sizes or plastic tubs of
varying sizes. The containers are moved to a processing area either manually or with assistance of
carts or forklift. The processing involves filling large waste bins either manually or with
assistance of a hydraulic dumper. The bins are mechanically moved by conveyor into an autoclave
which treats the waste under timed, pressurized, steam conditions designed to completely
disinfect all materials. After completing the treatment cycle, the bins are mechanically moved to a
hydraulic dumper which dumps the waste into a hydraulic compaction unit which is attached to a
compaction trailer into which the waste is pushed. Upon filling, the treated waste is hauled to a
private landfill. This facility treats up to about 96 tons per day when running three shifts.

At the microwave facility, the untreated medical waste is placed in "red" plastic bags or .
sharps containers by the customers and the bags are placed in 48 gallon rigid plastic containers.
The sharps containers were normally segregated and handled separately from the plastic
containers. The microwave facility drivers manually load the containers into facility
owned/operated trucks and bring them to the facility. The nominally 40 pound containers are
manually pulled to a lift gate on the truck, off loaded, and manually stacked up to 3 high using no
mechanical aids. After manifesting and weighing, the containers are manually dumped into a large
bin attached to one of the microwave units. The process cycle is machine controlled with limited
worker action. Upon signal from the microwave unit, a worker manually initiates a control on the
unit which activates a lift mechanism. The large cover on the hopper is automatically opened, the
lift elevates the bin approximately 12 feet and, then, tips the bin. Once the medical waste has
dropped into the hopper, the lid closes over the hopper, and the bin is lowered to ground level
Once the medical waste has dropped in the hopper, the lid closes over the hopper, and the bin is
lowered to ground level.
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An automatic grinding cycle commences in which the waste is shredded to material less
than approximately 0.5 inch wide. During treatment, the waste is augured up a closed, inclined
tube. The tube has six (6) microwave units mounted in series on top and several ports allow
steam injection. The microwave units heat the steamed waste as it travels through the auger. The
treated waste product is gravity-dropped into a dumpster located on the outside of the building.
An attached hydraulic ram periodically compacts the waste into the dumpster. When full, a
contractor hauls the dumpster to the city landfill to be emptied. This facility treats up to 6.6 tons
per day when running 3 shifts. Some comments concerning the operation of the microwave units
from a consultant to the microwave unit manufacturer that were made in response to the draft
report are included as an addendum to Appendix B.

For the pyrolysis facility, most of the medical waste is delivered by hospital employees,
while some is trucked in from local small-scale generators (e.g., doctor’s offices). The waste is
contained in red bags in fiber boxes which were packaged and sealed prior to delivery. A
conveyor that parallels the length of each unit is loaded with the boxes. At the pyrolysis chamber
end each box is automatically weighed and the information sent to the controlling personal
computer (PC). When the pyrolysis chamber is empty, the box is lifted vertically, then moved
horizontally through an outer door into an airlock. The outer door closes and then a second door,
inside the airlock, opens and the box falls into the pyrolysis chamber. Other than manually placing
the boxes on the conveyor, no other manual material handling is involved beyond nominal
cleanout of residue. This facility treats approximately 40 lb/hr for each unit and runs 2 shifts per
day usually for 4 days per week.

All of the facilities had significant positives and negatives in their safety assessment. Many
of these were similar to those expected at any industrial facility. For example, required signs were
missing, flammable chemicals were found in non-flammable cabinets, electrical safety hazards
were present, and floors were wet, and potentially slippery, where liquid spilled. Also for two of
the facilities the large amount of manual labor led to concerns over worker back and muscular
strain and exposure to the waste. As far as hazards related directly to the medical waste, the most
significant came from blood and liquid spills. Examples of the positives that were found are
shown in Table 2. Examples of the types of deficiencies that were found are shown in Table 3.
The pyrolysis vendor’s response to the draft report on that facility included a list of improvements
made since the Phase 1 assessment. The information is included as an addendum to Appendix C
and discussed in this report where appropriate, especially to show the ease with which many of
the project teams’ comments could be rectified. However, since a list of improvements was not
requested from the facilities, the absence of similar information from the other sites can not be
taken to indicate that improvements have not been made at those sites. '

Based on this sample of medical waste treatment plants, management was found to be
proactive and to provide worker training and protective equipment. On the negative side
however, all workers had the potential for exposure to blood, other liguids, and sharps, although
the potential was greatly reduced in the plant where the waste handling was minimized. Also
ergonomic problems due to the handling of the waste are a major area of concern. Worker

13



Table 2. Examples of Positives Found in the Facilities’
(x = found in Phase 1 assessment, + = reported as improved since Phase 1 assessment)

AreaofConcern | Auociave | Microwave | Pyrolysis |

Concerned and Proactive Management x x x
Worker Training x x x
Limited worker/waste interaction x
Separate “clean” and “dirty” sections x

Separate clothes worn in facility x shirt only +
Required end-of-shift showers x

Comprehensive Manuals x x limited
Protective clothing available x x

! Details for each facility can be found in Appendices A, B, and C.
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Table 3. Examples of Negatives Found in the Facilities'

Potential exposure to liquid from the waste

X

AreaofConcern | Awoclave | Microwave | Pyrolysis
x

X

Potential exposure to sharps x x
Electric: x x
Extension cords used as permanent wiring X
Needed ground fault circuit interrupt x unclear
Lack of 3 ft clearance x x
Lack of Fall Protection x x
Extensive manual material handling X X
Ergonomic hazards X x
Need for glove use protocol X X
Worker got into waste hopper X
Combustibles st‘ored incorrectly x
Broken ladder X
Needed posted egress maps X x
Protective clothing not always used or face shields | hard hats/face
unavailable not used shields
Drink machine and water fountain in waste X
handling area
Blocked exit door x
Faulty Testing Equipment radiation
gauge

! Details for each facility can be found in Appendices A, B, and C.

2 If boxes leak or rupture. Most limited apparent risk of the three facilities due to

prepackaging of waste.

3 Remedied since Phase 1 visit according to pyrolysis vendor/facility operator.
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protection programs were generally in place but need to be followed carefully and upgraded to
include, for example, specific glove use protocols. All facilities needed some improvements in the
areas of electrical connections and fall protection was an area shown to need improvement.
However most of the negatives that were found in the MWTFs area also found in general industry

and can be easily remedied.
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5.0 NOISE AND RADIATION
5.1 Noise

The noise surveys were conducted using a Quest Sound Level Meter (S/N DL8110002)
calibrated with a Quest Calibrator (S/N J8100013). At the autoclave facility, the noise levels
ranged from 69 to 100 dBA in the process area and from 44 to 53 dBA in the office area. The
sources of the loudest noise in the process area include the mechanical shaking of the drums at the
compactor, venting/ramping of the autoclave steam, rolling bins off of trucks, the entrance to the
container washer, and the radio located near the loading dock. While the area noise survey
demonstrated that the potential to exceed the OSHA PEL of 90 dBA exists, the data is
inconclusive since it was only a survey and not a measurement of an 8 hour time weighted average
noise exposure. The management has a hearing conservation program in place and has
documented that the OSHA PEL is not exceeded doing routine work in the process area. The
hearing conservation program mandates hearing protection whenever the noise TWA exceeds 85
dBA and when working between the autoclaves during the ramping segment and when removing
debris from the waste bins.

The noise levels ranged from 59 to 75 dBA in the process area of the microwave facility
and from 42 to 47 dBA in the office area. A Quest Noise Dosimeter (S/N HM 0010038A) was
also used to collect an eight hour time weighted average noise exposure for the plant area. The
results from the noise dosimeter indicated an average noise level of 59.5 dBA in the plant, lower
than the OSHA PEL of 90 dBA.

The noise levels ranged from 66 - 81 dBA at the pyrolysis facility. The source of the
loudest noise (81 dBA) was a compressor located in the shop support area. The noise levels next
to the pyrolysis units reached a maximum of 75 dBA near the pump/motor area attached to the
unit.

During the phase 2 trip to the autoclave facility three integrated noise surveys were
conducted at the control panel using the Quest Noise Dosimeter. All three surveys had average
noise levels less than the OSHA PEL of 90 dBA (the average noise levels were 77.8, 81.3 and
73.9 dBA). The area noise surveys showed noise levels ranging from 70 to 100 dBA within the
boiler room. The loudest noise in the boiler room was from a reportedly faulty motor that was
coming on intermittently. Noise levels ranged from 69 to 97 dBA in the process area where the
loudest noise was the venting/blowdown of the autoclaves which lasted nominally 2-3 minutes
and occurred once every 50 minute cycle on each of two autoclaves.

Based on these data, exceedence of the OSHA PEL for noise does not appear to be a

problem for these facilities. However, the noise was loud enough in some locations to warrant
regular noise level checking.
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§.2 Microwave Radiation

A survey of the microwave units was conducted using a Narda Microlien Electromagnetic
Leakage Monitor, Model 8210 (S/N 03012), calibrated by the manufacturer on 7/95. The survey
demonstrate a leak around the microwave closest to the shredder in unit number 2. The levels
exceeded 10 mW/cm?, and pegged the survey meter offscale. This was brought to the attention of
the operator who immediately tightened the unit and reduced the leakage to <0.1 mW/cm? The
facility is supposed to check the microwave units daily. Two microwave survey meters were
observed; however, the meter located at unit no. 1 was out of calibration (due 10/92) and had
dead batteries while the meter at unit no. 2 was usable but the calibration was past due 12/95.
Thus based on this one sample, the radiation levels can be very low, but regular maintenance with
operational, calibrated instruments is extremely important.

Non-ionizing radiation was not measured at the two facilities with no microwave sources.
5.3 Jonizing Radiation

The autoclave facility used fixed ionization survey detectors where waste was off-loaded
from incoming trucks. Also, workers wore film badges. A record review found no badges

exceeding background detection levels.

The microwave facility had an ionization survey meter on-site but it was not operational.
Workers did not wear detection devices.

The pyrolysis facility had no ionization survey meters or worker detection devices.

All facilities relied on their customers to segregate any radioactive waste from the waste
sent for treatment.
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6.0 VENTILATION AND AEROSOLS
6.1 Ventlation

During the Phase 1 trip to both the autoclave and the microwave facilities, the outdoor
weather was extremely windy, so that the airflow in the facilities was quite gusty, basically
unpredictable. The air velocities, as measured with a hot-wire anemometer, were so variable that
most of the readings consisted of determining a low and high velocity for the range over which
the meter needle swung. For those cases where the readings were mainly at one level with brief
gusts or calm spells, an average wind velocity was estimated by watching the gauge for several
minutes. Both of these facilities had many openings to the outdoors.

In the autoclave facility, the airflows in the workers areas varied from 10 to 75 fpm while
the center velocity near the fan next to the compactor averaged about 250 fpm. Airflows in the
microwave facility varied from about 10 to 550 fpm depending on the direction the nearest
opening faced (wind blowing in or sheltered from the wind), while outdoors in the direction of the
wind gusts of up to 1500 fpm were measured. These measurements show sufficient air movement
to easily exceed 20 cfm per person. However, it is impossible to tell with this data set if this
would be true on a still outdoors day. In addition to the velogity values, an air exchange rate of
approximately 2.9 was determined based on the height and width of the room and the fan ratings.

The inside of the pyrolysis facility was breezy. On the days of the Phase 1 assessment, this
facility brought in most of its air by fans, as opposed to wind through building openings. During
warmer times of year, the roll up doors may be open to allow more airflow. Indoors the airflows
varied from 10 to 70 fpm in the worker areas; while the approximately 46 in. diameter fans
pushed up to 950 fpm into the room. The measurements below show the ventilation to be
sufficient for control of pollutants in the work space during our sampling visits.

Thus based on the data from this study, sufficient airflow is not a problem for these
facilities.

6.2 Respirable Aerosols

Aerosol measurements were taken with the hand held aerosol monitor (HAM) that
measures mass concentration and with the Laser Particle Counter (LPC) that measures the
number of particles in various size ranges. A conservative assumption of an average density of
1.5 g/cm’® was made and the mass concentration below 5 um and the total mass up to 15 um were
calculated based on the LPC data. None of the measurements exceeded the TWA of 10 mg/m’
for particulates not otherwise classified. At the autoclave facility, all the measurements were
below 1 mg/m’, except the measurement taken immediately after the autoclave was opened,
possibly due to the steam. That measurement peaked at 2.1 mg/m’ but was down to 0.73 within 5
minutes. Many of the concentrations were below 0.1 mg/m’ indicating that respirable particles
were not dangerously elevated. The LPC data showed even lower concentrations.
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At the microwave facility, none of the indoor respirable measurements exceed the outdoor
air National Ambient Air Quality Standard of 0.075 mg/m?®, as the highest value was 0.025 mg/m’.
The pyrolysis facility had even lower concentrations with the highest value at 0.018 mg/m’® when
the photoelectric eye was cleaned and the average concentration was around 0.006 mg/m>.

Thus the particle concentrations at all three facilities were low on the days tested.
6.3 Engineering Controls

Many of the items that could be considered in this category, such as fall protection, are
covered in the safety section. This section covers such controls that have not been previously
covered. The items in this category varied greatly between the plants so that generalized
conclusions are difficult.

For the autoclave facility one important engineering control issue was the lack of drains
for the tub washers. Both tub washers leaked a solution of contaminant, disinfectant, and water
on to the floor during runs. The small tub washer leaked from a main overflow pipe, located in
the back, during cleaning out. This water mix pooled on the floor and had to be swept down a
drain. However, the floor, even though wet, did not appear to be slippery when walked on. It
was recommended that a drain be installed to serve these two washers.

Another issue is the pole used to prod sticking waste from the tubs into the bins and to
maximize loading of the bins. The pole is used then stored in the worker area, bringing fresh,
untreated liquid waste into contact with the worker station. In addition, liquids may run down the
pole to contact the workers. The use of the pole to remove waste from the bin loader should be
rethought. It should not be used, then stored near the workers where unprotected contact could
occur. A stand for the pole could be set up outside the worker shield. Also, redesigning the pole
to prevent liquid from reaching the worker as suggested by the corporate toxicologist and
engineer would be helpful.

At the microwave facility one important engineering control issue is the use of "swamp
coolers" in the roof that can blow into the facility. These coolers are used and intended solely for
temperature control, not for ventilation. The ducting for the fans is located over the bins near the
loading dock, over the 2 units, and over the washer area. Thus the fans blow whatever gases or
aerosol vents upward from the units back into the breathing zone of the workers and into the
plant in general. There are tentative plans to convert two of the vents to exhaust orto add
exhaust ventilation to the existing facility. If the two vents over the units are converted, this
would reduce this problem greatly; however, the temperature control aspects of the swamp
coolers may not be met and that incoming air may need to be positioned elsewhere to meet that
need.

Also at the microwave facility, a number of problems with the exhaust air cleaners on the
treatment units were found including leaky seals, a filter put in place backwards, and clogged air
inlet. Upgrading the older air cleaner, sealing the unit, and adding a check point in the exhaust

20



duct to determine the air velocity were recommended to improve these problems. Since this
particular set of problems occurred in the purchased microwave units but were easily solved,
other facilities should check their similar air cleaner systems perhaps including additions to the
daily maintenance routine.

The pyrolysis facility serves in part as a research facility for the manufacturer of the units.
Employees of the manufacturer also run the facility. One day a week the units are not run in
order to allow for routine maintenance, upgrades, and testing. Information gained from this
facility is being used to design future models of the pyrolysis units to reduce or eliminate current
problems and to increase efficiency. It also needs to be noted that this facility processes much less
waste that the other facilities which is one of the reasons why there is less manual labor involved,
along with the generator-performed, prepackaging of the waste into treatable units. Much of the
unit operation was set up to be run and monitored both manually and by computer allowing the
operators to monitor, for example, the temperature i the units by checking a number on a
computer schematic.

In this facility, the heat generated by the units is partially reused in the hospital boiler room
as water pipes circulate water heated by the pyrolysis units to heat exchangers in the boiler room.
All heat sources appear to be well shielded not presenting danger to visitors or operators.

The solid waste collector bins are located below floor level and create a dust cloud when
emptied. Although the air levels of particles remained low during this study, there is a strong
possibility that the operator dumping the bin could be exposed to high particle levels for short
periods. Thus the newer models are being design with higher level bins and consideration is being
given to an automated dumping process that would eliminated most of this potential exposure.

Also at the pyrolysis facility, the pH of the exhaust gas scrubber liquid is neutralized with
NaOH that runs in lines across the ceiling. This potential source of caustic exposure needs to be
reduced possibly be relocating the lines.

Overall each of the three treatment processes appeared to have good engineering for the
process itself. However, each facility needed improvement in the design interfacing of the
treatment unit within its facility and the worker protection between the unit and the facility. The
concerns outlined here are mainly ones that are not specific to the medical waste treatment
mdustry but are found in general industry as well.
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7.0 CHEMICAL EXPOSURE

The medical waste as received is not chemically treated. The waste itself may contain any
number of chemicals, most probably volatile metals such as mercury, VOCs, or aldehydes such as
formaldehyde. The most abundant chemicals used at the autoclave facility include hypochlorite
solution (bleach) for washing of the containers and ZEP Asphalt Release Agent (sodium
dodecylbenzene sulfonate) sprayed into the large autoclave bins. The boiler in an adjacent room
to the process area of the facility uses ammonia as a rust inhibitor. A 55 gallon drum of ZEP
Dyna 143 cleaning solvent (aliphatic naptha) was observed near the mechanical workshop. The
microwave facility uses miscellaneous chemicals including mineral spirits, 2-butoxyethanol, Betco
disinfectant, Zeposcetor (pyrethin/pipernyl butoxide insecticide), phosphoric acid, aliphatic
naptha, ZEP-Amine A (ethanol and ammonium chlorides), acetylene, oxygen and nitrous oxide.
The most abundant chemical used at the pyrolysis facility is a 50% solution of sodium hydroxide
(NaOH). There were also miscellaneous chemicals such as muriatic acid, lacquer thinner, motor
oil, and acetylene located in the shop area adjacent to the pyrolysis units. Thus a wide variety of
chemicals could reasonably be expected to be found in the air samples.

7.1 Volatile Organic Compounds

Volatile Organic Compounds (VOCs) were collected by passing air through multisorbent
cartridges containing Tenax TA, charcoal, and ambersorb (200 mm x 6 mm o.d., Envirochem,
Kimblesville, PA). For Phase 1, sample volumes of approximately 5.0 L were collected over a
nominal 5 hour monitoring period. For analysis, VOCs on exposed cartridges were thermally
desorbed then analyzed by gas chromatography/mass spectrometry (GC/MS). Identification of
unknown sample constituents was performed using an electronic search of the NIHHEPA/MSDC
Mass Spectral Data Base (NIST library) and the Registry of Mass Spectral Library (Wiley
Library). Manual review of the data was performed to verify computer identifications and to
identify compounds not found using the computer literature search. A semiquantitative estimate
of the identified compounds was made using the total ion peak area for each compound and the
total ion response factor measured for toluene. A concentration estimate for total VOCs was
made using the same approach. Example VOCs that are detectable by the multisorbent method
are shown in Table 4. The compounds found in the test samples must be a subset of these.

VOCs were collected at a flow rate of nominally 15 cc/min for 5 hours, in the process area
near the control panel, over autoclave number 1 and at the compactor in the autoclave facility;
over both microwave units; and between the pyrolysis units 1 and 2 and in the shop area for the
pyrolysis facility. The concentrations determined are based upon the formula weight of toluene,
and only those VOCs in excess of 0.05 mg/m’ are reported. The total VOC content consists of
both those from the waste stream and from truck exhaust from the trucks unloading at the facility
or driving in the parking lots. '
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Table 4. Example VOCs That Are Detectable by the Multisorbent Method

1,2-Dichloropropane

- 1,1,2,2-Tetrachloroethane
Dibromochloromethane
Bromodichloromethane
cis-1,3-Dichloropropene
1,1,2-Trichloroethane
1,1-Dichloroethane
1,2-Dichloroethene (Total)
trans-1,3-Dichloropropene
1,2-Dichloroethane
1,1,1-Trichloroethane

Carbon Tetrachloride

C,-Benzenes
C,-Benzene
Methylene Chloride
Bromethane

‘Chloroethane

Chloromethane
Chloroform
Trichloroethene
Chlorobenzene
Ethyl Benzene
Dichlorobenzenes
1,1-Dichloroethene

Tetrachloroethene
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Bromoform

" Isopropanol

Propanol
Butanol
Pentanol
Benzene
Toluene
Acrolein
Acrylonitrile
Styrene

Vinyl Chloride

- Xylenes



Several VOCs were observed in each facility, but no OSHA PELs or ACGIH TLVs were
exceeded. The highest concentration VOC for the three locations within the autoclave facility
was 2-propano] at 643, 556, and 589 pg/m’. The compound with the highest concentrations for
all three sampling sites at the microwave facility was 2-propanol at 2318, 495, and 986 pg/m’.
For the pyrolysis facility, the highest concentration VOC found between the units was phenol at
1.7 ug/m’ and in the shop area was decanal at 16 pg/m®.

7.2 Aldehydes and Ketones

Formaldehyde is a contaminant that may be emitted during the treatment of medical waste.
Formaldehyde and other volatile aldehydes and ketones were screened for using a silica
geVDNPH-(2,4-dinitrophenylhydrazine) method (US EPA, 1988). During air sampling,
aldehydes/ketones instantaneously react on the cartridge to form the DNPH derivative. For
analysis, the DNPH/aldehyde/ ketone derivatives were eluted from the cartridge with acetonitrile.
This extract was then analyzed by high performance liquid chromatography (HPLC).
Aldehyde/ketones were identified by comparison of their chromatographic retention times with
those of purified standards. Quantitation was accomplished by the external standard method
using calibration standards prepared in the range 0.02 to 15 ng/uL of the DNPH/aldehyde
derivatives. Standards were analyzed and a calibration curve calculated by linear regression of the
concentration and chromatographic data. A list of aldehydes/ketones analyzed during Phase 1
screening is shown in Table 5.

In the autoclave facility, aldehydes were collected at a flow rate of nominally 120 cc/min
for 7 ¥2 hours at the process area near the control panel, over autoclave number 1, and at the
compactor. In the microwave facility, aldehydes were collected at a flow rate of nominally 120
cc/min for 7 hours near the bin wash area workbench and over both microwaves. In the pyrolysis
facility, aldehydes were collected at a flow rate of nominally 120 cc/min for 6 hours, next to
pyrolysis unit no. 1, between the pyrolysis units, and in the shop area.

Table 5. Example Aldehyde/ketones to Be Analyzed During Phase 1 Screening

Formaldehyde Acetaldehyde Acetone Acrolein
n-Propanal Crotonaldehyde n-Butanone n-Butanal
Benzaldehyde n-Pentanal n-Tolualdehyde n-Hexanal
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The aldehyde results for the autoclave and pyrolysis facilities indicated concentrations of
formaldehyde in the range of 0.08 to 0.18 mg/m’® while the microwave showed similar results with
arange of 0.007 mg/m’ to 0.2 mg/m’. All of these values are much lower than the OSHA PEL
of 0.94 mg/m’® and the ACGIH TLV of 0.37 mg/m® (ceiling limit). In both the autoclave and
microwave facilities, acetaldehyde and acetone were also observed but at concentrations of
nominally 0.07 mg/m®, several orders of magnitude lower than the respective PELs of 360 and
2400 mg/m’.

7.3 Metals

The methodology for metals sampling used the EPA draft method 29 sampling train for
combustion source emissions (US EPA, 1986). The sample system incorporates a glass fiber filter
followed by two (2) impingers containing acidified peroxide solution for collection of aluminum
(Al), antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr),
cobalt (Co), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), labile mercury (Hg*?), nickel
(Ni), phosphorus (P), selenium (Se), silver (Ag), thallium (T1) and zinc (Zn). Following the
peroxide impingers were two impingers containing acidified potassium permanganate for the
collection of elemental mercury (Hg®). The draft method has been evaluated extensively at RTI
and other laboratories, particularly for mercury species. In addition, the method has been used in
the field by a large number of industrial stack testing contractors. A miniaturized version of the
sampling train that incorporates midget impingers (1 - 2 L/min sampling rates) instead of the
Greenburg/Smith impingers (approximately 20 L/min) was used.

Metals were collected at a flow rate of nominally 1 L/min for 8 ¥2 hours at the area over
autoclave number 1 and at the compactor in the autoclave facility. Metals were collected at a
flow rate of nominally 1 L/min in the areas over both microwaves. In the pyrolysis facility, metals
were collected at a flow rate of nominally 1 L/min for 6 % hours, next to pyrolysis unit no.1 and
between the pyrolysis units.

The measurement of these resulting samples included graphite furnace atomic absorption
(GFAA) for As, Sb, and Se, cold vapor atomic absorption (CVAA) for Hg and inductively
coupled plasma (ICP) emission spectrometry for the remaining elements. These methods are
described in both in the NIOSH Manual of Analytical Methods (NIOSH, 1994) and in EPA
“Methods for Chemical Analyses of Water and Wastes” (EPA 600/4-79-020).

The results of the metals sampling for all three facilities indicated minimal levels (most are
less than the detection limits), of the following metals, Be, Al, Cr, Mn, Fe, Co, Ni, Zn, Cu, As, Se,
Ag, Cd, Sb, Ba, T1, Pb and Hg. The pyrolysis facility also showed minimum levels of P.

" 7.4 Chlorine
Hydrochloric acid and chlorine are potential contaminants from the bin washing systems

that use sodium hypochlorite based biocides. To screen for the presence of these chemicals in air,
length-of-stain detector tubes (Drager part no’s 24301 and 01681) for chlorine and hydrochloric
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acid were used (ASTM D4490, 1992). During screening, a known volume of air is drawn
through the tube using a hand pump. As air is drawn through the tube, a colorimetric reaction
occurs; the concentration is read from the demarcations on the tube. The chlorine detector tube
has a range of 0.2 to 3.0 ppm. The hydrochloric detector tube has a range of 1.0 to 10.0 ppm.
Air samples for hydrochloric acid and chlorine were collected in the vicinity of the bin washers.

In the autoclave facility, no chlorine was detected at either side of the small bin washer or
at either side of the large container washer. No hydrochloric acid was detected at the small bin
washer or at the large container washer. Since the project team was unaware of any sources for
these chemicals at the other sites, these tests were not performed at either the microwave or the
pyrolysis facilities. After the assessment, the team was informed that a chlorine-based cleaning
product is in use in the pyrolysis facility.

7.5 Phase 2 Monitoring for Chemical Exposure

The Phase 2 industrial hygiene survey conducted at the autoclave facility included
personal monitoring for VOCs, ethanol, and formaldehyde. Area samples were collected for
methanol, n-propanol, and ammonia. It was originally planned to collect 5 personal samples on §
workers over each of 2 days, however, the facility had modified the work schedule to
accommodate a reduction in the volume of medical waste received. Some employees were
working 12 hour shifts from 11 am. to 11 p.m. or 12 p.m. to 12 am. To accomplish obtaining 5
complete shifts, it was necessary to change the personal samplers from one employee to another
when the shift changed. Two job titles, Supervisor and one Laborer, required two employees
from two shifts to share (trade-off) the chemical sampling equipment. One job (Maintenance) was
performed from 0500-1330, so the first day of sampling only a 5 hour sample was collected. For
the second day of sampling the maintenance employee was outfitted with sampling pumps, badges
and collection media by 0500 to enable collection of an 8 hour sample.

VOCs, monitored using the same multisorbent cartridge method employed in Phase 1,
collected samples at nominally 16 cc/min for 7-8 hours on 5 workers on each of 2 days. Several
VOCs were identified and quantified with the highest concentration of 104 ng/m, for one
worker’s dichlorodifluoromethane concentration. All of the VOC results were less than OSHA
PELs, NIOSH RELs, and ACGIH TLVs.

Formaldehyde samples were collected using 3M 3720 passive formaldehyde badges.
Again 5 workers were sampled for 7-8 hours on each of 2 days. Formaldehyde concentrations on
the workers ranged from 0.021 to 0.086 ppm. The control sample taken on an office worker was
0.04 ppm, higher than any plant workers on 6/26/96. The OSHA PEL is 0.75 ppm and the
NIOSH REL is 0.016 ppm.

Ethanol was measured using a direct reading passive Driger diffusion tube (part no. 81 01
151) with a detection range of 125-3100 ppm. Five workers were sampled for 7-8 hours on each
of 2 days. No ethanol was detected on any of the personal direct reading Driger tubes.
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Ammonia was sampled using a direct reading Driger tube (part no. 67 33 231) with a
detection range of 0.5 - 30 ppm. Samples were collected over nominally one minute using a hand
held pump (n = 5 strokes). Five samples were collected on each of 2 days in the boiler room
adjacent to the autoclave processing area. Concentrations of ammonia above the maximum
detection limit of 30 ppm were observed in the boiler room during the transfer operation of
ammonia from the drum to the vat. The ammonia transfer procedure takes about 1 minute to
complete. The OSHA short term exposure limit (STEL) is 50 ppm and the vacated 1989 OSHA
STEL is 35 ppm. The NIOSH REL and the ACGIH TLYV is 25 ppm with a STEL of 35 ppm.

Methanol and n-propanol were sampled using a direct reading Driger tube (part no. 26
112) with a detection range of 25-5000 ppm. Samples were collected over one minute using a
hand held pump (n = 10 strokes). Five samples were collected on each of 2 days in the autoclave
processing area and adjacent boiler room. No methanol or propanol were detected on the Driger
tubes used for area samples.

The results of the study demonstrate that the medical waste treatment workers at the
autoclave system have minimal exposure to most chemicals with the exception of formaldehyde,
where concentrations of 0.021 to 0.086 ppm were observed and a very short exposure to
ammonia above the detection limit of the test method.

7.6 Indoor Air Quality

The indoor air quality was evaluated from using a Metrosonics Air Quality Monitor AQ-
501 (S/N 1613). The air was evaluated for temperature, humidity, carbon dioxide (CO,), and
carbon monoxide (CO). Average values for the sampling sites at each facility are shown in Table

6. The indoor air quality evaluation for all three facilities indicated adequate indoor air during the
sampling periods.

Table 6. Metrosonic Values for the Three Facilities

 lauochw Microwave | Pyrolysis |

CO, averages (ppm) 466, 388, 532, 345! | 412, 490, 469, 354, 358, 378
342
CO averages (ppm) 0,0,0,0' 1,0,0,0,1 0,0
Temperature average (°F) 65.1,58.7, 75.9, 70.8,74.6,77.8, 64.2, | 68.0, 75.7
79.4! 73.4
Relative Humidity average (%) | 41.7,57.1,31.5, 25.6,23.3,18.5,31.4, |161.8,43.5
53.5! 239
y Phase 2 values.
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8.0 BLOODBORNE PATHOGEN EXPOSURE

The Phase 1 environmental sampling and analysis assessed the extent of blood
contamination on a variety of surfaces and materials in the three medical waste treatment facilities.
Evaluation of blood and/or blood containing body fluids on surfaces in the processing area could
provide important information relative to identifying the most potentially hazardous steps in the
treatment process, which through modifications in engineering and/or work practice controls,
could minimize worker exposures. The blood contamination examinations consisted of visual
inspection for visible blood on surfaces, along with the collection of wipe samples for hemoglobin
detection. The samples were collected and processed immediately for the presence of
hemoglobin, using collection and analysis methods described in Appendix J.

In the steam autoclave facility, sampling was carried out throughout the processing area,
but focused primarily in the tub dumping and washing areas. Sampling was carried out
throughout the processing area of the microwave facility, but focused primarily in the waste
loading and tub washing areas. Sampling for blood contamination was carried out on a variety of
surfaces and materials in the processing area of the pyrolysis facility.

Forty five (45) wipe samples were collected at the autoclave facility. Twenty (44%) of the
samples were positive, primarily those associated with pre-treated waste dumping and the waste
dumping area, including the concrete floor and liquid waste spills, tub dumper and railing, waste
conveyor rollers, and a long stick used to reposition waste bags in the treatment bins. Most
samples collected from the control panel area were negative, presumably because that area is
protected by splash shields, and those workers operating the controls and touching various
buttons and switches usually removed their gloves prior to touching them. Four samples were
collected at the post-treatment waste compactor, of which three were positive for residual
hemoglobin. Those three surfaces were very soiled and undoubtedly contained settled residues
from hundreds of post-treatment compactions. This is consistent with the knowledge that not all
hemoglobin is broken down in the autoclave process, and that non-infectious blood residues can
be expected to accumulate in the compaction area. For control purposes, three samples were
collected from surfaces in the maintenance area adjacent to autoclave #2 and were found to be
negative as expected. No samples were collected from surfaces in the tub washing area, since
most surfaces in that area are usually wet with hypochlorite solution, which gives a false positive
hemoglobin result. The entire outer surfaces of two of the workers' face shields were tested and
found to be negative.

At the microwave facility, fifty (50) wipe samples were collected and processed
immediately for the presence of hemoglobin. Thirty two (64%) of the samples were positive,
primarily those associated with manual waste dumping including liquids on the concrete floor, the
waste dumper surfaces, the microwave unit control panel, worker gloves, and sink surfaces.
Worker goggles, telephone, scanning gun, computer keyboard, and drink machine were all
negative.
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At the pyrolysis facility, twenty (20) wipe samples were collected from various locations
on the floor near the two pyrolysis units, where spots or stains were suspected of being from
blood contamination, and also from conveyor belts, lifters, and associated conveyor framework
for both units. Although a visibly cleaner facility with no blood or fluid splashes occurring during
the evaluation, twelve (60%) of the samples were positive, indicating a possible presence of
residual blood contamination, most likely from occasional leaking waste boxes and indicating the
need for greater attention to routine cleaning and decontamination. It must be pointed out
however, that the surfaces sampled were periodically treated with chlorine-based
cleansers/disinfectants, and chlorine residuals may give false-positive results in the rapid
hemoglobin test.

Visual assessment of the process used in the autoclave facility, along with hemoglobin test
results, shows that the tub dumping area is the most contaminated and provides the greatest
potential for worker exposure to bloodborne pathogens. Both automatic and manual tub dumping
result in the splatter and splash of liquids from untreated, regulated medical waste. Similarly,
assessment at the microwave facility shows that the tub dumping area is the most contaminated
and provides the greatest potential for worker exposure to bloodborne pathogens. Both
automatic and manual waste dumping results in the splatter and splash of blood and liquids from
untreated medical waste. Also, blood residuals detected at the sink used for washing hands
suggests the need for routine decontamination and cleaning of the area. One specific hazard in the
microwave plant was the fine droplet spatter of blood-laced liquid when the tubs were dumped as
shown by the splatters from floor level up to about 12 ft on the wall near unit 2.

Based on the Phase 1 observations and test results, it was recommended that Phase 2
monitoring focus on assessment of workers' exposure to blood and body fluid splashes be
conducted in the steam autoclave and microwave facilities using personal sampling techniques.

On several occasions workers at the pyrolysis facility were observed loading the boxes
onto the conveyors with latex gloves for hand protection, but without protection of their street
clothes. Without a protective gown or coat, a leaking box can easily contaminate clothing,
perhaps unknowingly to the worker.

In Phase 2, a splash assessment protocol was developed to collect samples for residual
hemoglobin from the upper torso area of the workers, in addition to residuals on face shields.
Upper body splashes were assessed using cotton patches in cardboard holders pinned to the front
and back of the workers' shirts. Following a work shift, the patches were assessed for visible
blood and processed using the hemoglobin detection method as previously described. Worker
face shields were wipe sampled prior to a work shift and then again at the end of the shift. Seven
workers were evaluated over two days, with blood detected visibly and confirmed by hemoglobin
testing on 2 of 6 sample patches from each of two workers. Of seven workers' face shields
monitored over the two days, two were positive for hemoglobin after the work shift. A moderate
amount of hemoglobin was detected on one face shield, while a trace amount was detected on
another.
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The personal monitoring that was conducted to assess worker exposures to blood splashes
confirmed that workers in the facility who are responsible for the direct handling of the untreated
medical waste are at risk for bloodborne pathogen exposures. The test results also confirmed
visual observations of the waste loading or dumping operation that was conducted during the
Phase 1 evaluation where environmental splashes of blood and other fluids were noted. Based on
the combined results, it is recommended that, in the absence of engineering controls that fully
automate the waste dumping procedures, management enforce the wearing and proper use of
personal protective clothing and equipment, particularly face shields.

The single area, 6 hour air filter sample for blood aerosols collected on each of the two
days and processed for hemoglobin were both negative, indicating that the waste handling process
does not generate significant small airborne blood particles. Rather, the greatest blood exposure
risk is from blood splashes as discussed above.
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9.0 INFECTIOUS AGENT EXPOSURE

The Phase 1 survey assessed the extent of microbial contamination on a variety of surfaces
and materials in the processing area of each facility. Detection of the microbial indicator
pathogens, Staphylococcus aureus and Escherichia coli, could assist in determining the extent of
microbial contamination from untreated medical waste throughout the facility and the potential for
worker contact exposures. Fifty surface samples, including three controls, were collected and
processed at each facility using a surface wipe and direct plate technique as described in
Appendix K.

Sampling at the autoclave facility was conducted primarily in the tub dumping area where
splatters and splashes were common, the control panel area where workers sometimes touched
buttons, switches, a telephone, and scanner with potentially contaminated gloves, and personal
protective equipment such as face shields and gloves. Knobs on doors exiting the process area
were also sampled, as were control surfaces from a rest room located in the administrative section
of the building. Sampling at the microwave facility was conducted primarily in the waste dumping
area where splatters and splashes are common, the unit control panel where workers touched
buttons, worker gloves, and door handles and doorknobs. Office area restroom samples were
collected and processed as controls. Sampling was conducted on various surfaces of the two
pyrolysis units including the conveyor framework and belts, in addition to control panels and
handles that the operators would touch in the performance of their duties. Various surfaces in
and around a toilet in the main hospital building away from the treatment facility were sampled as
environmental controls.

No §. aureus was isolated from any sample at any faculty. One autoclave, three
microwave, and one pyrolysis sample were positive for E. coli. Other non-pathogenic
environmental organisms, notably a variety of Bacillus species, were isolated in the sampling and
analysis process, but they are common environmental contaminants and are inconsequential
relative to assessing potential worker exposures to recognized human pathogens. While the
results in general show little microbial contamination of facility surfaces, the E. coli isolate does
indicate that surface contamination may be present at any time possibly with waste that could
contain more virulent pathogens such as Mycobacterium tuberculosis or a variety of bloodborne
viruses.

In Phase 2, in order to assess the potential for infectious agents to be liberated from the
steam autoclave treatment process, bioaerosol monitoring was conducted during the treatment of
indicator spiked and non-spiked medical waste, at previously identified potential emission points.
Indicator organisms used included specific strains of Bacillus stearothermophilus and Bacillus
subtilis globigii var niger. Three potential emission points were identified: 1) above the autoclave
doors as they were opened at the end of the treatment cycle, 2) between the autoclaves as steam
was liberated from a condensate drain, and 3) at the top of the compactor as the treated waste
was dumped and compacted. Results from the M/G impactor samplers were negative for the
recovery of any indicator spores from both the non-spiked and spiked treatment cycles. The AGI-
30 impactors however, recovered indicator spores from both the non-spiked and spiked treatment
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cycles at all three locations. The difference in results shows the value of utilizing two different
types of volumetric aerosol samplers. Overall the monitoring was inconclusive as to definitively
confirming or rejecting the potential for microorganisms to be emitted during the steam autoclave
process. The greatest potential for emissions is during the evacuation of air and steam from the
chamber during pressurization. Effective engineering controls, however, exhaust the evacuation
air through an enclosed dust system that culminates in passage through a carbon filter before
exiting the building. These results most likely indicate that within the facility are residuals of
Bacillus indicator spores on various surfaces, particularly as monitoring was conducted very close
to soiled surfaces such as near the floor between the autoclaves and at the waste compactor. It is
recognized that medical waste will contain these indicator spores from positive controls that are
run in hospitals to assess sterilization procedures.
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10.0 DISCUSSION

Three sites were included in the Phase 1 assessments: an off-site steam autoclave, an off-
site microwave, and an on-site pyrolysis. The autoclave site was revisited for the one Phase 2 trip
that was accomplished during year one of this contract. The first two facilities used standard
methods used at many other facilities; whereas, the pyrolysis facility used a prototype treatment
method with units that are regularly modified to improve their function and to test ideas for future
models. '

While the three facilities all treated medical waste, there was a wide range of approaches
to the processing of the waste. Two of the facilities had a great deal of manual handling of the
waste. Two of the facilities had frequent blood splashes, while the third facility had the waste
prepackaged for ease of handling and smaller likelihood of leaks. The three facilities covered a
large range of throughput from approximately 5000 lb/week to 1.3 million Ib/week. Each facility
was set up to allow processing of a set amount of waste with variation possible by changing the
number of loads per shift or the number of hours of operation. The amount of waste processed is
a function of the size and number of treatment machines in operation not of the type of treatment.
For example, the microwave facility originally had one machine but added a second, thus doubling
the possible throughput. Also the same technology with a smaller sized unit, such as those
autoclaves present on-site at hospitals, would process less waste.

The three facilities handled the incoming and outgoing waste is different ways. Both of
the off-site facilities accepted red bagged waste in large reusable tubs. These bags frequently
leaked liquids into the tubs leading to spills onto the floors and workers. Although sharps were
generally packaged in plastic sharps containers, when the bags were manually transferred, the
workers were in danger from sharp edges of waste that might poke through the plastic as well as
the bloody liquid dripping from the bags. The on-site facility and the off-site autoclave both
accepted boxed and sealed waste. These containers served as an extra layer of protection for the
workers. However, only at the on-site facility were the boxes required to be dry. The methods of
handling and transporting the waste are facility specific as opposed to technology specific as
treatment units are available or could easily be designed to treat waste either in bags or boxes.
Thus the dangers inherent in handling the waste are connected to the specific facility.

The safety assessments showed significant positives and negatives for each site.
Management at each site was proactive and provided worker training and protective equipment.
Each facility showed problems similar to those of many industrial facilities and problems related
directly to medical waste. Regular inspections of the facilities with respect to OSHA regulations
and other applicable codes could easily spot the electrical, storage, spill, and ergonomic problems
and result in safer workplace environments. Additional problems would be reduced if worker
protection programs were regularly upgraded and were carefully followed including a prohibition
on entering the waste treatment units.

The large amounts of manual labor that lead to ergonomic concerns could be reduced by
stream lining the waste handling flow patterns, by increasing the use of manual aids, and by
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decreasing the height of the stacks of the tubs of waste if possible. Obviously, potential changes
must be considered in light of what is possible in a specific facility. For it to be possible that the
tubs could be stacked two high instead of three, there must be enough storage space available so
that the incoming trucks can still be unloaded. All of these concerns should be considered in plans
for new facilities.

While the first area noise survey of the autoclave facility demonstrated that the potential to
exceed the OSHA PEL exists since the noise levels ranged up to 100 dBA in the process area, the
data was inconclusive since it was only a survey and not a measurement of an 8 hour time
weighted average noise exposure. The autoclave management has documented that the OSHA
PEL is not exceeded doing routine work in the process area. The Phase 2 integrated noise
surveys confirmed this with all three values falling into acceptable ranges. '

Based on the integrated noise surveys, exceedence of the OSHA PEL for noise does not
appear to be a problem for any of these facilities. The noise surveys did show some high levels at
some locations for short periods. These high levels usually occurred where machinery was
malfunctioning. So, noise levels in each facility should be monitored periodically to avoid
excessive noise levels that could develop as changes are made to processes or as equipment ages
or malfunctions. Hearing protection should be worn in areas where high noise levels are found
and in areas specified in the hearing protection programs.

The survey of the microwave units demonstrated a leak around one of the microwave
units. The leak was readily reduced once the operator was apprised of the situation. The
microwave radiation exposure would be controlled by regular maintenance with operating
equipment. This finding serves mainly to point out that, in addition to regular checks of the
treatment equipment, all testing equipment must be regularly checked, calibrated as needed, and
maintained.

During the Phase 1 trip to both the autoclave and the microwave facilities, the outdoor
weather was extremely windy, so that the airflow in the facilities was quite gusty and more than
sufficient to meet ASHRAE recommendations for fresh air, easily exceeding 20 cfm per person.
However, it is impossible to tell whether this would be true on a still outdoors day. Inside the
pyrolysis facility was breezy with plenty of air brought in by fans, as opposed to wind through
building openings. During warmer times of year the roll up doors may be open to allow even
more airflow. Thus all three facilities showed sufficient ventilation.

Aerosol measurements showed that none of the facilities had high aerosol burdens. At the
autoclave facility almost all of the measurements were below 1 mg/m®. Many of the
concentrations were below 0.1 mg/m’ indicating that respirable particles were not dangerously
elevated. The microwave facility’s highest value was 0.025 mg/m’ with the pyrolysis facility even
lower with the highest value at 0.018 mg/m® when the photoelectric eye was cleaned and the
average concentration was around 0.006 mg/m’. The technologies used either do not produce
significant levels of particles, the air cleaners work well, or the ventilation air is diluting the
particles to reasonable levels.
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Most of the engineering control problems were not specific to medical waste. The
examples that were encountered included the following. The autoclave had equipment that let
water drain acros« the floor resulting in a slipping hazard. The microwave facility had a cooling
system that could ~iow gases and particles from the waste into the worker’s breathing zone. The
pyrolysis facility had a sensor located so that worker was required to enter an enclosed space to
clean it. Both of the off-site facilities had a great deal of manual handling of the waste, some of
which could be reduced by appropriate engineering solutions. All of these problems could be
present at many types of industrial facilities and are readily amenable to improvement, although
the pyrolysis facility’s problem will require a redesign of the unit. The feasibility of engineering
controls to reduce manual labor and safety hazards should be investigated. Specifically, adding a
floor drain or ducting the runoff water to a drain at the autoclave site would eliminate the slipping
hazard. The microwave facility’s cooling system could be reversed to pull air contaminants away
from the workers. The newer model of the pyrolysis machine could, and is planned to, be
designed with an easily accessible sensor. And waste handling could be reduced by using
conveyor belts or allowing the mechanical lifts to do more of the waste container moving.

However, some of the engineering control problems were medical waste specific. For
example, the pole used at the autoclave facility to prod the waste increased the likelihood that the
worker would be exposed to liquids from the waste. Also, the ventilation screen of the air cleaner
system in the microwave unit had to be cleaned by a worker who entered the waste hopper, thus
potentially exposing the worker to the medical waste. These types of problems need to be
addressed to reduce the risk of exposure.

Airborne chemical concentrations were determined for various types of organics, metals,
and chlorine. The medical waste as received is not chemically treated and could be expected to
contain any number of chemicals, most probably volatile metals such as mercury, VOCs, or
aldehydes such as formaldehyde. Several VOCs were observed in each facility, but no OSHA
PELs or ACGIH TLVs were exceeded. The highest concentration VOC within the autoclave
facility was 2-propanol at 643 ug/m®. The compound with the highest concentrations at the
microwave facility was 2-propanol at 2318 ug/m®. For the pyrolysis facility, the highest
concentration VOC found decanal at 16 pg/m’. The aldehyde results for all three facilities
indicated concentrations of formaldehyde in the range below 0.2 mg/m® much lower than the
OSHA PEL, lower than the ACGIH TLV (ceiling limit), but above the NIOSH REL. In both the
autoclave and microwave facilities, acetaldehyde and acetone were also observed at
concentrations of nominally 0.07 mg/m’, several orders of magnitude lower than the respective
PELs. In Phase2 an autoclave maintenance worker was briefly exposed to ammonia at
concentrations exceeding 30 ppm which is above the NIOSH REL and the ACGIH TLV. No
chlorine was detected in the air in the autoclave facility, the only site tested. The metals sampling
indicated minimal levels (most less than the detection limits).

These airborne chemical results show that levels of tested chemicals in the indoor air were
“all low compared to recognized standards on the days sampled except for the short-term ammonia
exposure of Phase 2. These results indicate that either the chemicals are not liberated in the
treatment of the waste, the venting procedures for the treatment units work well, or the dilution in
the facilities due to the high levels of outdoor air keeps the concentrations low. Note that the

35



testing was all indoors and is not necessarily indicative of concentrations that may be emitted to
the outdoors.

_ The indoor air quality evaluations for temperature, humidity, carbon dioxide (CO,), and
carbon monoxide (CO) indicated adequate indoor air during all four of the sampling periods,
reinforcing the ventilation results as acceptable CO, levels show that sufficient ventilation air is
present.

The surface blood contamination evaluations consisted of visual inspection for visible
blood on surfaces, along with the collection of wipe samples for hemoglobin detection. Among
the three facilities, 56% of the hemoglobin wipe samples were positive. The samples from the
pyrolysis facility may have shown false positives due to the use of a chlorine-based cleaner that
the project team was informed of after the site visit. For the autoclave, the positives were »
primarily those samples associated with waste dumping and the waste dumping area. The three
samples (of four) collected at the post-treatment waste compactor that were positive for residual
hemoglobin, came from surfaces that were very soiled and undoubtedly contained residues from
post-treatment compactions. This is consistent with the knowledge that not all hemoglobin is
broken down in the autoclave process, and that non-infectious blood residues can be expected to
accumulate in the compaction area.

At the microwave facility, the positives were primarily those associated with manual waste
dumping including liquids on the concrete floor. One specific hazard in the microwave plant was
the fine spray of blood-laced liquid when the tubs were dumped as shown by the splatters from
floor level up to about 12 ft on the wall near unit 2. This could be addressed by requiring the
workers and other personnel in the vicinity to wear a shield protecting the head and face such as a
hard hat with face shield or the installation of a canopy over the control station. Another option
would be to require the workers to leave the immediate area when the tubs are dumping.

Thus the hemoglobin testing indicated that blood is contaminating surfaces in both
facilities where wet red bags are handled. Due to the possible false positives for the pyrolysis, it is
not possible to base conclusions about the effectiveness of the prepacking of the waste on this
data set.

Based on the Phase 1 observations and test results, it was recommended that Phase 2
monitoring focus on assessment of workers' exposure to blood and body fluid splashes using
personal sampling techniques. A splash assessment protocol was developed to collect samples for
residual hemoglobin from the upper torso area of the workers, in addition to residuals on face
shields. Blood was detected visibly and confirmed by hemoglobin testing on 2 of 6 sample
patches from two of the seven workers sampled. Of seven workers' face shields monitored over
the two days, two were positive for hemoglobin after the work shift. A moderate amount of
hemoglobin was detected on one face shield, while a trace amount was detected on another.
Thus, the personal monitoring that was conducted to assess worker exposures to blood splashes
confirmed that workers in the facility who are responsible for the direct handling of the untreated
medical waste are at risk for bloodborne pathogen exposures. The test results also confirmed
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visual observations of the waste loading or dumping operations that were conducted during the
Phase 1 evaluation where environmental splashes of blood and other fluids were noted.

These results lead to recommendations to the autoclave and microwave facilities to reduce
exposure to blood and body fluid splashes include providing adequate splash protection especially
personal protective equipment. Enforcement of the use of face shields is especially recommended
for the autoclave facility. For the pyrolysis facility, the workers who load the waste boxes onto
the conveyors should wear protective clothing such as gowns or lab coats. A uniform policy on
the use of gloves should be adopted at each facility. Protective clothing that is not worn home
should be worn in the plant. To reduce transfer from the waste treatment areas to other areas,
shoes that have been worn in the plant should be changed or covered before entering the office
area. The autoclave facility currently provides uniforms to be worn only in the plant, but other
facilities may benefit from addressing these issues. At the microwave plant, a separate
eating/break area would reduce the likelihood of contamination through intentional ingestion; this
hazard is highlighted by the positive samples at the sink near the drink machines.

The waste handling area samples for blood aerosols, collected on each of the two days of
the Phase 2 trip and processed for hemoglobin as previously described were both negative
handling area. Both samples were negative, indicating that the waste handling process does not
generate significant small particle blood aerosols.

During Phase 1, the surface microbial contamination assessments looked for the presence
of the microbial indicator pathogens, Staphylococcus aureus and Escherichia coli. Sampling at
the autoclave facility was conducted primarily in the tub dumping area, the control panel area, and
personal protective equipment. Knobs on doors exiting the process area were also sampled, as
were control surfaces in the administrative section. Sampling at the microwave facility was
conducted primarily in the waste dumping area, the unit control panel, worker gloves, and door
handles and doorknobs. Sampling was conducted on various surfaces of the two pyrolysis units
including the conveyor framework, belts, control panels, and handles. Various surfaces in and
around a toilet in the main hospital building were sampled as environmental controls.

No S. aureus was isolated from any sample at any facility. One autoclave, three
microwave, and one pyrolysis sample were positive for E. coli. Other non-pathogenic
environmental organisms, notably a variety of Bacillus species, were isolated in the sampling and
analysis process, but they are inconsequential relative to assessing potential worker exposures to
recognized hunran pathogens. While the results in general show little waste contamination of
facility surfaces, the E. coli isolate does indicate that surface contamination may be present at any
time possibly with waste that could contain more virulent pathogens such as Mycobacterium
tuberculosis or a variety of bloodborne viruses. Accordingly it is again recommended that
attention be given to daily routine cleaning and decontamination of treatment unit and other
facility surfaces. Also, a uniform policy should be established and enforced as regards the wearing
of gloves to operate buttons and switches on the various control panels.

An implication of not finding the two potentially harmful bacteria, §. aureus and E. coli,
is that the inactivation of some human pathogens in medical waste begins to occur rapidly after
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waste generation due to adverse environmental conditions relative to temperature, moisture, and
nutrients that were encountered during storage and transport. While this can be the situation for
some vegetative bacterial pathogens, such results are not necessarily indicative of the absence of
more environmentally resistant and virulent pathogens such as Mycobacterium tuberculosis or a
variety of bloodborne viruses. The presence of some viable indicator bacteria suggest that some
of the waste was recently generated. Otherwise, the organisms should have had time to die
during transport and storage as indicated in Appendix K.

In Phase 2, to assess the potential for infectious agents to be liberated from the steam
autoclave treatment process, bioaerosol monitoring was conducted during the treatment of spiked
and non-spiked medical waste, at previously identified potential emission points. Indicator
organisms used included specific strains of Bacillus stearothermophilus and Bacillus subtilis
globigii var niger. Three potential emission points were sampled: above the autoclave doors as
they were opened, between the autoclaves as steam was hberated from a condensate drain, and at
the top of the compactor. Results from the M/G samplers were all negative for both the non-
spiked and spiked treatment cycles. The AGI-30s however, were positive for both the non-spiked
and spiked treatment cycles at all three locations. The difference in results shows the value of
utilizing two different types of volumetric aerosol samplers. It also shows that in regard to the
monitoring conducted, the results are inconclusive as to the potential for microorganisms to be
emitted during the steam autoclave process. The results suggest that within the facility there are
residuals of Bacillus indicator spores on various surfaces, particularly as monitoring was
conducted very close to soiled surfaces such as near the floor between the autoclaves and at the
waste compactor. It is recognized that medical waste may contain these indicator spores from
positive controls that are run in hospitals to assess sterilization procedures.

While the data are inconclusive, it must be recognized that parametric monitoring of the
treatment autoclaves indicated proper functioning of each cycle relative to temperature, pressure,
and time, and that internal routine monitoring of the treatment process by the facility, using
biological indicators, routinely demonstrates sterilization conditions. Also, and perhaps most
importantly, the greatest potential for emissions from an autoclave is during the initial exhaust of
the chamber prior to pressurization. In the studied facility, that exhaust is ducted to and run
through a carbon bed filter.
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11.0  SUMMARY AND CONCLUSIONS

Three sites were included in the Phase 1 assessments: an off-site steam autoclave, an off-
site microwave, and an on-site pyrolysis. The autoclave facility was also visited for a Phase 2
assessment. The first two facilities used standard methods used at many other facilities; whereas,
the pyrolysis facility used a prototype treatment method with units that are regularly modified to
improve their function and to test ideas for future models. The autoclave and the microwave
facilities had a great deal of manual handling of the waste. These two facilities had frequent blood
splashes, while the third facility had the waste prepackaged for ease of handling and smaller '
likelihood of leaks. The three facilities covered a large range of throughput, although the
respective technologies could all process the range of waste quantities, with appropriate facility
set up.

All of the facilities had significant positives and negatives in their safety assessment.
Based on this sample of medical waste treatment plants, management was found to be proactive,
interested and concerned. Many of the negatives were similar to those expected at any industrial
facility. For example:

. Required signs were missing.

. Flammable chemicals were found in non-flammable cabinets.

. Electrical hazards were present.

. Floors were wet, and potentially slippery, where liquid spilled.

. Large amounts of manual labor led to concerns over worker back and muscular
strain and exposure to the waste for two of the facilities.

. Workers were required to enter four of the six treatment units.

Most of the negatives that were found could be fairly easily fixed. Most of the safety issues were
similar to those that might be found in other industrial, non-medical waste, facilities and point to
the need for facilities to periodically internally access the OSHA regulations and other applicable
codes.

As far as hazards related directly to the medical waste, the most significant came from
blood and liquid spills and from exposure to sharps, although the potential was greatly reduced in
the plant where the waste handling was minimized.

Engineering control problems were mostly not specific to medical waste and could be
present at many types of industrial facilities. Most of the engineering contro! problems are readily
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amenable to improvement, although the pyrolysis units’s sensor will need to be relocated in newer
designs of the unit. Some examples of the problems that were found are:

The autoclave had equipment that let water drain across the floor resulting in a
slipping hazard.

The microwave facility had a cooling system that could blow gases and particles
into the workers’ breathing zones.

The pyrolysis facility had a sensor that required a worker to enter an enclosed
space to clean it.

Cleaning the microwave unit’s ventilation screen required that a worker enter the
waste hopper, thus potentially exposing the worker to the medical waste.

Outside of the safety and blood related issues, the assessed areas show little to be
. concerned about.

Noise was not shown to be above permissible limits.

Microwave radiation levels were low when the-unit was maintained correctly.
Sufficient ventilation air entered 'at all facilities.

No high aerosol concentrations were found.

Several VOCs were observed in each facility, but no OSHA PELs or ACGIH
TLVs were exceeded.

Formaldehyde concentrations were in below the OSHA PEL and lower than the
ACGIH TLV mg/m?® (ceiling limit), but above the NIOSH REL.

In both the autoclave and microwave facilities, acetaldehyde and acetone were also
observed, but at concentrations several orders of magnitude lower than their
respective PELs.

Short-term, high concentrations of ammonia, not emanating from thé medical
waste, were found in the autoclave facility.

The metals sampling for all three facilities indicated minimal levels (most are less
than the detection limits), of the following metals, Be, Al, Cr, Mn, Fe, Co, Ni, Zn,
Cu, As, Se, Ag, Cd, Sb, Ba, T1, Pb and Hg. The pyrolysis facility also showed
minimum levels of P.



. No chlorine was detected in the air in the autoclave facility. (The other sites were
not tested as no sources of chlorine were known.)

. The indoor air quality evaluations for temperature, humidity, carbon dioxide
(CO,), and carbon monoxide (CO) indicated adequate indoor air during the
sampling periods.

Blood and microbial sampling and medical waste specific observation showed several
areas of concern, indicating that workers do have the potential risk of blood and microorganism
exposure:

. Surface blood contamination sampling showed that blood is getting on surfaces at
at least two of the facilities.

. Blood splash assessment of the workers confirmed that workers in the facility who
are responsible for the direct handling of the untreated medical waste are at risk for
bloodborne pathogen exposures.

. Blood splash assessment of the workers confirmed visual observations of the waste
loading or dumping operation conducted during the Phase 1 evaluation where
environmental splashes of blood and other fluids were noted.

. Area blood samples were negative, indicating that any airborne blood drops are
sufficiently large to fall out of the air quickly.

. Surface microbial contamination assessments showed some E. coli and other non-
pathogenic organisms, but no S. aureus, indicating that microbial contamination,
especially from hardier species, is possible.

. The waste-spiking experiments were inconclusive as to the potential for
microorganism emissions from the steam autoclave.

Recommendations for MWTF based on these assessments include the following. These

recommendations include changes that needed to be made at one or all of the assessed facilities.

. Perform periodic general safety inspections including checks based on OSHA
regulations and other applicable codes.

. Regularly calibrate and check functioning of testing equipment including battery
checks.

. Continue providing regular worker training.
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Do not allow workers to enter the equipment unless absolutely necessary. Explore
other options first such as the use of a long handled broom to clean the ventilation
screen in the microwave unit. If necessary, make provision for sanitization of the
waste before the worker enters and require the use of protective clothing, gloves,
boots, and head protection.

Provide protective equipment as appropriate to the facility including adequate
splash protection.

Require that protective clothing that is worn in the facility not be worn home. This
stricture should include all outerwear.

Reduce possible transfer of contamination from the waste treatment areas to other
areas by having shoes that are worn in the plant changed or covered before the
wearer enters the office area.

Give careful attention to daily routine cleaning and decontamination of treatment
units and other facility surfaces.

Provide areas separate from the medical waste treatment for workers to use for
taking breaks and eating lunch.

Carefully follow and upgrade worker protection programs to include specific glove
use protocols based on the situation in each facility and the NIOSH
recommendations for glove usage. Suggestions to consider include double gloving
where one glove is likely to rip, wearing work gloves over disposable gloves when
needed, and consistent use of gloves when operating controls.

Monitor noise levels periodically and require that hearing protection be worn in
high noise areas and in any areas specified in hearing protection programs.

Reconsider waste packaging and handling procedures to minimize worker
exposure.

For future installations or major upgrades, ensure that process design engineers
consider the worker-facility-unit interfaces to design out hazards.

42



12.0 REFERENCES

Campbell, N.A. 1987. Biology Text.

Cole, E.C.,, KEE. Leese, and R.M. Hall. 1993. Evaluation of Potential Biological Emissions from
Alternative Medical Waste Treatment Technologies. Final Technical Report, US EPA
Contract:68-W0-0032, OSW, U.S. Environmental Protection Agency, Washington, DC.

Heinsohn, P., et al. 1991. Aerosols Created by Some Surgical Power Tools: Particle Size
Distribution and Qualitative Hemoglobin Content. Appl. Occup. Environ. Hyg. 6(9).
September.

Jensen, P.A. 1995. Control of Aerosol (Biological and Nonbiological) and Chemical Exposures
and Safety Hazards in Medical Waste Treatment Facilities. Study Protocol. Report No.
ECTB 219-03, Centers for Disease Control and Prevention, NIOSH, Cincinnati, OH.

Jewett, D.L., et al. 1992. Blood-Containing Aerosols Generated by Surgical Techniques: A
Possible Infectious Hazard. Am. Ind. Hyg. Assoc. J. 53(4):228-231].

Malloy, M.G. 1995. Medical Waste in '95. Waste Age, June, 49-62.

Miller, R.L. 1995. Characteristics of Blood-Containing Aerosols Generated by Common
Powered Dental Instruments. Am. Ind. Hyg. Assoc. J. 56:670-676.

OSHA. 1991. Occupational Exposure to Bloodborne Pathogens. Federal Register, Vol. 56, No.
235, December 6, 1991, 64004-64182.

NIOSH. 1994. NIOSH Manual of Analytical Methods, 4th ed., National Institute for
Occupational Safety and Health, Cincinnati, OH.

Sheldon, L.S., and Keever, J.T. 1994. A Comparison of Sorbent Sample Cartridges for the
Collection and Analysis of Volatile Organic Compounds Collected in Large Office
Buildings. Presented at 1994 Measurement of Toxic and Related Air Pollutants
Symposium, Durham, N.C. May.

Sheldon, L.S., and Naugle, D.F. 1993. Analysis Support for the Pilot Study of Three Large
Buildings. Analysis of VOCs and Formaldehyde Samples Report. RTI Report Number
5522-05301F. Final report prepared under EPA Contract No. 68-D2-0131, Work
Assignment. No. 2-9. December.

Turnberg, W.L. and F. Frost. 1990. Survey of Occupational Exposure of Waste Industry
Workers to Infectious Waste in Washington State. Am J Public Health 80(10):1262-4.

43



US EPA. 1986. Test Methods for Evaluating Solid Waste: Physical Chemical Methods. SW-846,
3rd ed., United State Environmental Protection Agency, Washington, DC.

US EPA. 1988. Compendium of Methods for the Determination of Toxic Organic Compounds in
Ambient Air. EPA/600/4-89/017, U.S. Environmental Protection Agency, Office of
Research and Development, Research Triangle Park, N.C.

US EPA. 1991. Seminar Publication. Medical and Institutional Waste Incineration: Regulations,
Management, Technology, Emissions, and Operations. EPA/625/4-91/030, United States
Environmental protection Agency, Washington, DC.

Waste Age. 1995. Tables of U.S. Commercial Medical Waste Treatment Facilities and 1995
Waste Age/Infectious Waste News Medical Waste Alternative Technologies Guide, pp.
58-61, June.



APPENDIX A.

STEAM AUTOCLAVE MWTF SCREENING REPORT

A.1 INTRODUCTION

This report describes a single technology of a multiple technology, multiple phase study.
The first phase assessment of a steam autoclave facility is presented. Discussion of other

technologies are presented as separate reports that will be combined for a final, overall, contract
report. ’

The Medical Waste Tracking Act (MWTA) of 1988 defined medical waste as "...any solid
waste which is generated in the diagnosis, treatment, or immunization of human beings or animals
in research pertaining thereto, or in the production or testing of biologicals...". It categorized
potentially infectious or "regulated medical waste" into seven types: culture and stocks;
pathological wastes; human blood and blood products; sharps; animal waste; isolation wastes; and
unused sharps. Treatment was defined as "any method, technique, or process designed to change
the biological character or composition of any regulated medical waste so as to reduce or
eliminate its potential for causing disease." The MWTA also had a destruction requirement that
regulated medical waste be "ruined, torn apart, or mutilated,” so as to be unrecognizable and non-
reusable. Many of today's available technologies employ destruction as part of the treatment
process.

This year more than 500,000 tons of medical waste will be processed in the United States
prior to its ultimate disposal. Waste processing will be carried out at various "off-site”
commercial treatment facilities, or "on-site" at health care facilities, laboratories, or industrial
operations where the waste is generated. As the waste is transported, unloaded, treated, and
disposed of, workers can be exposed to a variety of potentially hazardous medical waste
components and treatment residues, to include biological and nonbiological acrosols, infectious
agents, toxic chemicals, and radioactive materials. They may also be at risk regarding a number
of safety related concerns including: injuries, noise, nonionizing radiation exposure, and duties and
equipment having poor ergonomics. At the present time there is a significant lack of information
on the identification, evaluation, and control of hazards associated with the treatment of medical
waste.

A recent survey identified 114 commercial medical waste treatment facilities throughout
the 50 states (Malloy, 1995). On average, such facilities operate two to three work shifts and
process up to 100 tons of medical waste each day. We estimate that the total number of medical
waste treatment workers in the United States easily exceeds 10,000. Thus, the CDC determined
that basic information on the current practices in MWTF should be collected.



A.1.1 Project Overview

The scope of the overall project encompasses all currently-available medical waste
treatment technologies, with emphasis on the identification, evaluation, and control of all hazards
associated with at least three different treatment systems. Hazards may include; but are not
limited to: aerosols (biological and nonbiological), organic vapors, vapors and gases of biocidal
agents, nonionizing radiation, materials handling, and safety issues (sharps, ergonomics, etc.).

The project tasks can be broken down into 4 categories: 1) conduct literature and field
studies necessary to identify all currently-available disinfection systems for infectious waste; 2)
recommend three technologies and associated sites for field evaluation; 3) conduct on-site field
studies to assess worker exposures to the identified hazards using conventional and novel
industrial hygiene methodologies, conduct an assessment of biological contaminants contained in
the detailed study plan and experimental design, and evaluate facility engineering controls for
worker protection; and 4) providing a detailed and comprehensive final report. The final report
will contain descriptions of all investigated treatment technologies, sampling and analytical
methods, facility health and safety evaluations, data analyses and risk assessments, evaluation of

engineering controls, discussion of results, recommendations to reduce worker exposures, and
conclusions.

This research has several purposes, all of which are related to a better understanding of the
medical waste treatment occupation, and its potential health and safety hazards. The study will
include the accumulation of a significant base of knowledge relevant to hazards identification,
potential routes of exposure, evaluation (sampling and analysis), risk assessment, and prevention
and control. The information collected was specific to the sites tested and the workers’
environments; thus, the data reflect a combination of the facility practices and the technology
used.

For the requisite field evaluations, two phases were planned. Each Phase 1 visit includes
an industrial hygiene survey and safety assessment for identification of occupational hazards
(chemical and physical), potential treatment system emission points, and engineering controls.
The Phase 2 visit will evaluate hazard exposures by conducting comprehensive personnel and area
sampling and analyses (as indicated by Phase 1 results) using conventional and novel industrial
hygiene practices for organic vapors, mercury, metals, bioaerosols, biological surface
contamination, non-ionizing radiation, noise, particles, air quality factors, and evaluate the
effectiveness of engineering controls to protect the workers. -

A.1.2 Technology Overview

Traditionally, incineration has been a method of treatment and destruction of hazardous
chemical waste, municipal solid waste, and pathological waste. It was logical that incineration
would be used when concern regarding infectious disease agents such as the AIDS and hepatitis B
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viruses prompted the treatment of all medical waste and hence a new industry. Over the past
several years however, environmental pollution concerns have fostered the development of a
variety of medical waste technologies that are presently regarded as viable alternatives to
incineration. Such technologies include steam autoclave, microwave, pyrolysis and
mechanical/chemical disinfection. This report focuses on a steam autoclave facility.

Steam autoclave treatment combines moisture, heat, and pressure to inactivate
microorganisms. The process has been used for sterilizing medical instruments in hospitals for
decades, and the validation of autoclaving as a sterilization technique for medical equipment and
supplies is well documented. Off-site commercial treatment autoclaves typically operate at 160°C
and 80-85 psi and can treat some 3,000 Ibs per cycle.

Concern for medical waste treatment workers comes from the unique character of the
waste material and varying treatment technologies. Medical waste contains numerous chemicals
that are themselves hazardous to worker health, and the MWTF technologies have the potential to
generate others. Emissions from incineration have been extensively studied (US EPA, 1991).
Little has been done however to characterize the environmental emissions from alternative
technologies. Several types of health hazards are of particular concern in this respect: infectious
agents (blood-borne pathogens and others); hazardous drugs and chemicals; and non-ionizing
radioactivity. Routes of exposure can include skin, mucous membranes, inhalation, and ingestion;
with hazards present or generated during treatment as aerosols, particulates, fluids, and sharps.
The nature of the MWTF technologies can generate special concerns, such as exposure to non-
ionizing radiation. Other concerns include safety hazards and risks of injury related to lifting,
moving, slips, falls, machine guarding, and electrical problems. While significant hazard
information and statistics are available for "health care workers," medical waste handlers and
treatment workers have not been included in the data gathering. It is prudent to assume that
medical waste workers are at risk for the same occupational illnesses and injuries as health care
workers.

A.1.3 Methodology Overview

Phase 1 of this project focused primarily on emissions, safety, controls, and biohazards. It
consisted of the following:

an industrial hygiene survey,

a comprehensive safety assessment, -
identification of potential emission points from the treatment system or process,
area sampling for identification of target volatile organic compounds (VOCs),
area sampling for airborne metals,

area sampling for aldehydes,

noise and nonionizing radiation measurements,

identification and assessment of existing engineering controls,

preliminary respirable aerosol assessment,
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) the assessment of blood on surfaces, and
) the assessment of microbial surface contamination.

Each of these areas are discussed in detail later in this report. Details of the specific
methodologies used are addressed in Appendices E-P. This Phase 1 survey was carried out by a
field team of five people: a certified industrial hygienist (CIH), a certified safety professional
(CSP), an experienced microbiologist, an engineer, and an environmental field sampling specialist.

Phase 1 survey did not attempt to determine if the technology was efficiently treating the waste.
This assessment examined worker exposures due to the environment at the individual facility due
to the technology, the work procedures including the handling of the waste, and the facility itself.
It is important to note that the effect on the individual worker’s environment of safety features
and dangers inherent in each technology is dependent on the use of the equipment in a given
facility, the care given to following the manufacturers established procedures, the design of the
facility (especially as regards to waste handling and ventilation), and the individual worker’s
adherence to the procedures at the given facility (for example, use of provided personal protective
equipment).

The industrial hygiene and safety assessment surveys observed the waste treatment
workflow and process, identified the hazards and routes of exposure unique to the waste
treatment technology/facilty; secured floor plans, engineering control diagrams, and written safety
policy; defined work shifts and worker populations; examined policy related to health promotion
(e.g. hepatitis B vaccine, TB testing); described potential routes of exposure relative to specific
job assignments, identified chemical compounds used or stored in the facility; identified unsafe
procedures, practices or conditions, addressing all safety concerns, including machine guarding,
slips and falls, and ergonomics; and identified training and personal protection devices currently
used.

The proposed samples for Phase 1 included for air emissions: VOCs, metals, mercury,
aldehydes, ketones, and particles; and surface contamination from blood or microbial.

Potential chemical and biological emission points were identified to ensure that subsequent
sampling was properly targeted. The identification was performed by visual inspection and facility
usage determination, as appropriate. The results of this screening were used to identify areas and
personnel on which to concentrate additional sampling.

Ventilation and HVAC control devices as applicable to the facilities air supply were
investigated. Measurements of airflow were taken. The airflow measurements were used to
determine if sufficient air is entering the facility based on the ASHRAE standard for indoor
ventilation requirements. An attempt was made to determine if contaminated air from the disposal
facility is being vented to any other indoor location (such as entering the return air to a main air
distribution location). Control devices that could create hazards of themselves were investigated
in conjunction with the hazard identification. The evaluation of other engineering controls such as
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machine guarding, handrails, lifting assistance, noise control, and workplace ergonomics were
included.

Phase 1 included aerosol measurements to provide a concentration profile for the room.
The aerosol monitor was used to measure concentrations near each identified potential emission
point and in several locations throughout the room. The concentration in the incoming outdoor
air and the office air were determined.

Surface blood contamination is also an important consideration in medical waste
treatment. Up to 10 treatment system surfaces with which workers may come in contact were
monitored each day for blood contamination by a wiping procedure using sterile gauze. The
gauze was then eluted with sterile water and the eluate was tested for blood using the Hemastix
detection method.

The risk of medical waste treatment workers of dermal contact with infectious disease
agents were assessed by sampling and analysis of treatment system surfaces for human pathogen
indicator organisms. Suspect surface areas were evaluated by sampling and analysis for two
strains of vegetative bacteria associated with human infection and/or contamination,
Staphylococcus aureus and Escherichia coli.

A.2 GENERAL SAFETY EVALUATION OF A STEAM AUTOCLAVE FACILITY
A.2.1 Summary

This steam autoclave facility occupies a light industrial building of approximately 16,000
square feet laid out as shown in Figures A-1 and A-1a. Untreated medical waste is delivered to
the facility by means of tractor trailers and trucks carrying either sealed cardboard boxes of
varying sizes or plastic tubs of varying sizes. The vehicles may be refrigerated or not depending
on the source and travel time of the waste. The large tubs used weigh about 96 Ib when empty
and contain approximately 180 Ib of medical waste; the samller tubs each contain approximately
50 1b of waste. The containers are moved to a processing area either manually or with assistance
of carts or forklift. The processing involves filling large waste bins (approximately 5'x 5' x 5.5")
either manually or with assistance of a hydraulic dumper. The bins are mechanically moved by
conveyor into an autoclave which treats the waste under timed, steam conditions designed to
completely disinfect all materials. After completing the treatment cycle, the bins are mechanically
moved to a hydraulic dumper which dumps the waste into a hydraulic compaction unit which is
attached to a compaction trailer into which the waste is pushed Upon filling, the treated waste is
hauled to a private landfill.

This facility used a combination of generally good engineering controls on equipment with

heavy reliance on worker training and personal protective equipment for worker protection.
Management is very proactive in their attempts to identify and train workers in proper techniques
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for personal protection and had excellent training resources and manuals available. A strong
emphasis on good housekeeping was noted throughout the facility. There were some structural
deficiencies in parts of the facility and with equipment. The many intensive manual material
handling steps combined with unsafe acts were the principal sources of worker exposure to
hazards. The written compliance programs and program administration were excellent, but there
are several areas recommended for improvement. The sequential job safety analysis of the
primary jobs found the major personnel exposure hazards to be from the manual material handling
found in virtually all tasks. The variability in job performance and variable use of personal
protective equipment by different workers contributed to the overall worker exposure to hazards.

This section includes a detailed listing of findings. This review was as "global" as possible
to include reference to OSHA regulations as well as good practices. This review was limited by
the time available for the facility inspection, the number of job tasks reviewed, and the limited
specific record review. Also, only management and corporate staff were approached for
discussions to limit interference with the workers and their task performance. This examination
focused on unsafe conditions, engineering controls, and compliance training materials. Limited

review of unsafe acts and enforcement was done.
A.2.2 General Facility Review
Significant Positives

° A concerned and proactive management.

° The facility design with a "clean" side (offices, etc.), and "dirty" side (processing,
shop, etc.) divided physically, operationally, and administratively.

° The operational requirement for all workers to shower out and change at the end
of each shift.
° Overall workflow design minimized tasks interfering with each other.
° The exceptional attention to good housekeeping by workers and mechanics.
cant Negativ

° The process design required extensive manual material handling/potential exposure
to "contaminated” materials. This led to heavy reliance upon personal protective
equipment and individual worker compliance to procedures.

° Exposure to unknown liquids, particularly at the tub dumping station. Walking

surfaces were almost continuously wet from spillage, drainage, and cleaning.
Direct discharge of water onto floor at plastic tub tunnel washer.
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Unguarded opening at the loading dock.
Electrical safety hazards.
Ergonomic hazards from manual lifting, twisting and pulling of boxes and tubs.

General occurrence of unsafe acts such as: standing under elevated tubs without
lockout protection, indiscriminate use and care of the "push stick” used at the tub
dumper station, lifting/moving boxes over one's head, picking up unknown
materials by hand, and entering "pit/horseshoe” area to retrieve material with
conveyor system energized.

A.2.3 Specific Safety Concerns in the Plant

Chocks unused at trailers.

Change in elevation, home built skid, "ramp"” for chemo-trailer did not allow use of
chocks.

Unguarded opening at loading dock.
Lack of fall protection above autoclaves.

Use of two non-plumbed eyewash stations not capable of 15 minutes of continuous
drenching. g

Combustible oils/hydraulic fluid/greases in barrels in unprotected storage and
subject to spillage on floor. 9 x 1 gallon of flammable liquid (methanol) stored
unprotected on a high shelf in the parts area.

Boiler room door (plant side) not labeled "NOT AN EXIT.”

Limited labeling of pipes - within boiler room and connecting to autoclaves.
Note: Pipes were color coded.

Electrical safety hazards: -
- Electric panel HL/B missing two blanks.

- Electric forklift at tub washing station had frayed/taped cord at forklift
housing entrance.



- Extension cords used as permanent wiring:
Behind control panel leading to portable fan.
Connecting tub washer unit to additive drum at lower level.
Above loading dock leading to radiation detectors.

- Missing coverplate on electrical junction/control box on top of autoclave.

- Lack of emergency "kill" buttons/cable on primary conveyor loop; only
disconnect boxes within the horseshoe area.

- Ground fault circuit interrupt receptacles needed at the tub washer/additive
drum location.

- A full, unobstructed three foot clearance was not maintained in front of the
primary electrical switchgear.

- Lack of preventive battery maintenance on ceiling mounted emergency
lights.

Miscellaneous

- Two wooden stepladders with hazards: broken step on one; broken rail
duct taped on the other. :

- Improper storage of oil in Pepsi bottles (i.e. mislabeled and improper
container).

- No labeling, NFPA diamond or other, on outside #2 diesel fuel oil tank.

- Ends of forks on forklift used in tub handling area have sharp ends and
extend beyond tub.

- Confined space signs on each autoclave have small, faded lettering.

- Work rest on grinder was >1/8 inch [correction made while at site].
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A.2.4 Specific Safety Concerns in the Office Area

g No lighted EXIT sign above first floor, glass door adjacent to worker break/lunch
room.

L Elevator was used as storage location for a handcart.
Recommendation

° The individual orientation of visitors to the plant noting the floor layout and exits
meets the emergency plan condition. However, to cover anyone inadvertently
missed, it is recommended that a office/plant diagram noting the exits be posted on
each floor of the clean (office) side in an easily visible location.

A.2.5 Training Materials, Compliance Documentation, and Program Administration -
t Positive

A The company Risk Management Manual was excellent in both form (utility) and

function (complex detail presented succinctly and accurately).

® The "Bloodborne Pathogens Exposure Control Program” contained within the
manual was comprehensive and current.

L Management was able to readily provide their copies of the OSHA required
written programs (Figure A-2) for almost all areas requiring them (see
recommendation below).

° A detailed "1996 Environmental, Health and Safety Calendar” covering training,
reviews, inspections, record keeping, permits, monitoring, calibrations, reporting,
and goals was available. A spot check of several items found the training being

met.

° Both corporate representatives and plant management were proactive with
training. e

° The following is a list of written manuals:

New Employee Hiring, Training and Orientation Policies and Procedures
Occupational Medicine Procedural Manual

Hazard Communication/Right-to-Know

Confined Space Entry Program
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Figure A-2 Status of Written OSHA Programs
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Figure A-2. (Cont’d)
Written OSHA P;ograms (continued)
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Respirator Program

Bloodborne Pathogen Exposure Control Plan
Radiation Program

Lockout/Tagout Program

Personal Protective Equipment

Hearing Conservation Program

® Ground Fault/Assured Equipment Grounding Program [see 29 CFR
1910.304(b)(1)(ii)A] While this site is not a construction site in the context that
the cited standard was written, the use of extension cords within the plant both in
the material processing area and in the maintenance repair area, coupled with the
presence of liquids and workers performing numerous tasks, suggests that a
deliberate review of the shock hazard potential be examined. A written program,
added to the EH&S calendar may be of value.

° Fall Protection Program [see 29 CFR 1926. Subpart M, Appendix E]. Although a
construction safety standard, the basic premise of preventing falls more than 6 feet
is applicable. A written fall protection program should not be necessary if the fall
hazard that exists while climbing onto the top of the autoclaves for maintenance -
activities can be engineered out. If guardrails, nets, or a personal fall arrest system
are infeasible, a written program should be prepared.

® A review of the list of hazardous materials on-site found numerous chemical names
misspelled. This could hinder attempts to find the appropriate Material Safety
Data Sheet (MSDS) in an emergency. [Note: A marked up copy was left on-site.
A second review of the list with additional markups is included (Figure A-3). Only
the chemical name column was reviewed. A more thorough and accurate list could
be compiled using the MSDS book.]

A.2.6 Job Safety Analysis
A total of four processing tasks were observed in detail to identify the separate steps,

hazards in each step and personal protective equipment (PPE) and/or safety aids used.
Suggested changes to the steps were made. A summary, by task, is given below.

A-14



L4 ETRTVITION iqQ

$34 MImievy juive w [] ] J0IVY ¥ JAved VHD 2Ll ey -0I3) Jeimoje MIRVEEL
m LIntevd sNave ) - I 1 AUDOMYY ¥ 1AVES YBAND BNIE STWD-AI)) S118048 WVNININ
1 1] 13ROV ANIVe 10 ol of “an) 4ve NY ¥ Aveas THIRGYR MU0 M
14 Imiov) 1nIv4 % o ] JRIVE wumiA DS woNe s '
33 Mmiend amive e n ANVenD COON 1320084 WRINIIL S00R  AVIIISIAGMGIS D3 E21 Vs e
M . 1IN Imive T ' ANV@nD COON MO NP NSNS 2408 ©30R & STl
SIA - Jmievd MIVe w . ¢ ) Ve W NIVe WAIwR 'Y T IRNIVIAs e WU YOuE B¢
(3] $mI0V3 ANIVY e 3 [ 4 M "I S0W ML= L
S UMW mive 10 8 . 0 31 *531%1vs0871 343 nRAWY €0 30 ‘Y AW
s T - W7 2 1 I BT | LT T A Saming ¥IWOVY
{ §1} 1miev) inivd (1] 14 113 $1200084 VD) o4 o J-E‘
1111 1Y mivd 1o 3 (] ARVSD) GV i ‘dI%4 JIVIwS ASV)
o Y]] 1mIEYD INIVe 1 1] I Y Ve NI SNWVN SWDTYINE VTR N W
] 131 '} 11, N1 I17] v ] SEVY JLINOS 1D €210mn  BAME) BNIUONIRY JOMANE J0imie M) NS
p- s snievd inive w | l ’ © won . " SHVINIBIE WV 0NN B4
“m 171 Y LI WTITY w s ' % e M
131} AInIeYD Inive 10 o ¥4 w 1AV VIR
.m Y] YT WLILZ) o " ] N0 0.0 ‘L TN WIvEWIN)
. i I mive: W o i vovn sinv vy 7
E " ANIEY) JNEVY o 0 () J10%-113Ve  BOKDII0WS DL AUDLLY 1
i} Y]} 23018V ANIVY w1, F OOV JUINOSVID SILIMN QIR - JRIVY MDY {‘q.atu.— IMMWE VOIS m
G i Wou ev)y ™ et (13 $20000M338 WYL NIV 2AVAWNWOINY 3V WwoIN
= $38 - Jwow eV} 1 0 " un- €13V Jwuen S 4 — ..u.mrﬂwv R
9 1] oy V) LA oy 2100080200 BOUVL  JAWS WINIE KIVES  oenI T 2 g)y wXo ®
1 11]] WOoN oV 0 .90 1 1130 SNL0S JviWsing IS s @lviwmindnios b,
L won eV 1 0 ' un Mmiel Wisvioy v 117
M. o svy 0 ¢ ] un 300000 2iVHaION¢ . i *
‘SN MO0 ¥VY 0 o ¢ NI NOE  §3J0ne MOYVVIA 00°L N¢  MOIINYOS VNN MOVVIA DOY] -“/..
s o ev) 19 o H N0 hee ¥D4ING O30 90°'Y Ne - -MOSIN0t 82400 38 e °
= om 08 OV 10 €. - 380 nee 820008 NV ¢°08 N4 MLNWE §2441e N8 Pi Re
- sn woy vy 0 o s o {11 tonn (P IRTLITIE T
o s oy sv) m ' 03, wemdd mwIng . I UBIMIE WY
mr 1] © Mow eVl o o ] : 10 (MIWN3) WIINWS e4e M) Wy
£ " wos evY) - W ¢ i S3ivisnoni 08--IV -AW)0 ® e NOYIVIONELN
m [ B 1) 008 V) w o .0 $2190NNI28 WAV} 99908 LAIRDIVIE RIVIVS G JIVIXMOIN] NS
@ [ 31] 08 OVY "» e o0) $)I00NNIIE BOVAVE  DETIV ROINDIVEN RIVIVG vivaie micos
m- 1 21} oy 0v) R, | or [ 1] S2100WNN23) WOV P00 10IRDIVIV RIVIVE il Mnistviod
. L ¥ 1Y s ¥INN0e w ] (] 1030 o5/8 @IV dlwyvs eIV Jiwuve
1 311 w0e 93V0e (] ] [ ] ] 3130 SoIIonl 2w : WV diwvive
131 w0v ¥21109 o1 o00f o Ml el 173-W0s JULole) chlon.ww!.a-
. s wou #2vios o u P11 04VIIoNI Drewd w3l 21
«Q 1]} - WU ¥3 V0N w F 18 §YE0I-DeI0D) MISIVIOS rolvvA
« m w0y s1iloe e n . un awnnaiond o g QETIGROTR
P s woe 121100 w (] 2280 113w 5 na-ux ™ T 0 ::w:_e:-:m.
m M0Y ¥23100 w e ” 1 FINVNO MNIM wINIc PAYe
W ] wou ¥200 w4 ] _ 2136 W08 MIIVNLLD S3IRONVN NOLINWS ALAVELLY 33 ImOVVE
) s Wus ¥23109 L) I 1 un SOIVIioN; 33 In0EVN IVIion] 35 MOVVN
s wos ¥2308 I 2 ' . 2130 RFVIN NDINW SSIGIVN 18DV ¥4 S8 InevR
sh M0y ¥ V0 0 @ ' un o1V 20y v ; — LN QW
37 noe ¥2v0e 1o e ’ 130 el NI WIIEIONe wirniol 823 Qus ysnoii
s ®Ov 21100 sey ey o - s L2 e 1\Z) I
s WOy u)oe W e o WIININD MVis-0IN WARIN WOV 1]] W rery
o WUYIY WM MY MY WO . a - e . X

[} 2L 1)
el

A-15



Figure A-3 (Cont’d)
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Figure A-3 (Cont’d)
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Task: Unloading Tubs from Trailer

Primary hazards: Fall, strains, pinches, cuts, slipping.

PPE Used: Work clothes, steel toed shoes, hard hat, leather gloves.

Safety Aids: Forklift.

Suggested Changes:

1

2)
3)

4)

k:

Guard, install floor, or otherwise protect workers from falling into the
opening between the main floor and trailer. At a minimum, paint a 2" wide,
bright yellow stripe along the perimeter of the hole (along both horizontal
and vertical planes) and use wider dock plates.

Workers should always push tubs when moved manually.

Leather work gloves should always be worn.

Immediately remove from service any tub container with cracked/broken
plastic.

i i jler

Primary Hazards: Fall, strains, needle sticks, cuts, slipping, direct fluid exposure.

PPE Used: Work clothes, steel toed shoes, hard hat, leather gloves.

Safety Aids: Cart

Suggested Changes:

D

2)
3)

4)

Guard, install floor, or otherwise protect workers from falling into the
opening between the main floor and trailer. At a minimum, paint a 2" wide,
bright yellow stripe along the perimeter of the hole (along both horizontal
and vertical planes) and use wider dock plates.

Wear latex gloves under leather gloves.

Wear leather apron or heavy rubber apron.

Wear oversleeves/protective sleeves to protect skin area between glove and
shirt.
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5) Always wear face shield down.
6) Lift and place one cardboard box at a time into bin.

7 Dump directly from plastic containers into bins (preferably using a
mechanical aid) versus direct handling/lifting of waste bags.

Primary Hazards: Splashing/direct fluid contact, puncture, strains, slipping.
PPE Used: Work clothes, steel toed shoes, hard hat with shield, leather gloves.
Safety Aids: Moveable rollers, "push stick.”
Suggested Changes:
1 Always wear face shield down.
- 2) Wear latex gloves under leather gloves. -
3) Wear leather apron or heavy rubber apron.

4) Wear oversleeves/protective sleeves to protect skin area between glove and
shirt.

S) Dump directly from plastic containers into bins versus direct
handling/lifting of waste bags.

6) The "push stick" should remain on the dirty side of the control system
shield and be routinely disinfected after fluid contact.

) Tub dumper operator should have a blocking pin/bar to place under raised
tubs prior to entry in area under raised tubs, i.e. lockout procedures.
Always have face shield down and minimize exposure to fluids.

8) Lockout procedures to be used if entry is made onto conveyor system to
retrieve overflow material.

9) Always push carts.
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Primary Hazards: Slipping, pinches, burns, electrical shock, puncture.

PPE Used: Work clothes, steel toed shoes/rubber boots, hard hat with shield, rubber
apron.

Safety Aids: Forklift
Suggested Changes:

1) Eliminate tripping hazard at tub washer by hard wiring and removing
extension/electrical cord.

2) Install GFCI receptacle; repair cord to forklift.

3) Direct drain water from tunnel washer to sewer.
[Note: Management stated this project was to be done.]

4) Use forklift to stack tubs and eliminate manual lifting/stacking.
S) Replace/shorten the forks of the forklift to eliminate protrusion beyond tub.
er - Mj e

D It has been confirmed that an EPA Identification Number was NOT needed at this
facility.

2) The signage on the aluminum trailers hauling the treated waste should read:
"MUNICIPAL" versus "MUNICIPLE.”

A.3 EMISSION POINT IDENTIFICATION

During the initial visit to the autoclave facility potential chemical and biological emission
points within the facility were identified to allow for subsequent, properly targeted, sampling. The
identified potential emission sites for the facility included the autoclaves especially when venting,
the exhaust stream from the air cleanup system, the truck unloading area, the bin loading area, the
tub transfer and cleanup areas, and the compactor loading area. These emission points were the
basis for the choices of sample sites.
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A4 CHEMICAL MEASUREMENT RESULTS

The medical waste as received is not chemically treated. The waste itself may contain any
number of chemicals, potentially including volatile metals such as mercury, volatile organic
compounds, or aldehydes such as formaldehyde. The most abundant chemicals used at the facility
include hypochlorite solution (bleach) for washing of the containers and ZEP Asphalt Release
Agent (sodium dodecylbenzene sulfonate) sprayed into the large autoclave bins. The boiler in an
adjacent room to the process area of the facility uses ammonia as a rust inhibitor. A 55 gallon
drum of ZEP Dyna 143 cleaning solvent (aliphatic naptha) was observed near the mechanical
workshop area. '

A.4.1 Volatile Organic Compounds

Volatile Organic Compounds (VOCs) were collected by passing air through multisorbent
cartridges containing Tenax TA, charcoal, and ambersorb (200 mm x 6 mm o.d., Envirochem,
Kimblesville, PA). For analysis, VOCs on exposed cartridges were thermally desorbed then
analyzed by gas chromatography/mass spectrometry (GC/MS). Identification of unknown sample
constituents was performed using an electronic search of the NTH/EPA/MSDC Mass Spectral
Data Base (NIST library) and the Registry of Mass Spectral Library (Wiley Library). Manual
review of the data was performed to verify computer identifications and to identify compounds
not found using the computer literature search. A semiquantitative estimate of the identified
compounds was made using the total ion peak area for each compound and the total ion response
factor measured for toluene. A concentration estimate for total VOCs was made using the same
approach. Example VOCs that are amenable to analysis by the multisorbent method are shown in
Table A-1. The VOCs found in the assessment were a subset of those that could be found by this
method.

VOCs were collected at a flow rate of nominally 15 cc/min for 5 hours, in the process area
near the control panel, over autoclave number 1 and at the compactor.

Several VOCs were observed at the facility and are listed in Tables A-2 through A-5 and
Figures A-4 through A-7. The concentrations given are based on the formula weight of toluene,
and only those individual VOCs found in excess of 0.05 mg/m’ are reported. The total VOC
content will comprise both those from the waste stream and from truck exhaust from the trucks
unloading at the facility. No OSHA permissible exposure limits (PELs) or ACGIH threshold limit
values (TLVs) were exceeded. The VOC field control recovery percentages are shown in
Table A-6.

A.4.2 Hydrochloric Acid and Chlorine
Hydrochloric acid and chlorine are potential contaminants from the bin washing systems

that use sodium hypochlorite based biocides. To screen for the presence of these chemicals in air,
length-of-stain detector tubes (Drager part no’s 24301 and 01681) for chlorine and hydrochloric

A-21



acid were used (ASTM D4490, 1992). During screening, a known volume of air is drawn
through the tube using a hand pump. As air is drawn through the tube, a calorimetric reaction
occurs; the concentration is read from the demarcations on the tube. Air samples for hydrochloric
acid and chlorine were collected in the vicinity of the bin washers.

The chlorine detector tube has a range of 0.2 to 3.0 ppm. No chlorine was detected at
either side of the small bin washer or at either side of the large container washer.

The hydrochloric acid detector tube has a range of 1.0 to 10.0 ppm. No hydrochloric acid
was detected at the small bin washer or at the large container washer.

Table A-1.

Example VOCs That Are Amenable to Analysis by the Multisorbent Method

1,2-Dichloropropane C,-Benzenes Bromoform
1,1,2,2-Tetrachloroethane C.-Benzene Isopropanol
Dibromochloromethane Methylene Chloride Propanol
Bromodichloromethane Bromethane Butanol
cis-1,3-Dichloropropene Chloroethane Pentanol
1,1,2-Trichloroethane Chloromethane Benzene
1,1-Dichloroethane Chloroform Toluene
1,2-Dichloroethene (Total) Trichloroethene Acrolein
trans-1,3-Dichloropropene Chlorobenzene Acrylonitrile
1,2-Dichloroethane Ethyl Benzene Styrene
1,1,1-Trichloroethane Dichlorobenzenes Vinyl Chloride
Carbon Tetrachloride 1,1-Dichloroethene Xylenes
Tetrachloroethene
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ABUVIC N6 VUL INCSUIS

Site 1 Autoclave No. 1 4.87L

QUALITATIVE IDENTIFICATION REPORT

RTUECD £257
Time (mA) Peak Ideasifeaton(s) ) Fu®)  (ag/e3)

4.11 Metase, dichlorodiflucro- L o 0
4.6) Propese, 2-methyl~ 0 38
6.9 Medisze, oxybis- 52 119
6.36 Acewcoe () m
7.07 Mettase, tricklcrolucre- o 2
7.67 2-Propasol « 643
$.28 MetSase, dickloro- g z
852 Carbon disulfide 7 168
1150 Culocslorm © 4l
12.15 Ethanol, 2-metboxy- 76 25
13.6 1-Butasol % 13
15.09 Etbene, tricklore~ & 1.9
15.43 Mathyl methacrylata 3 - 1
16.77 Disulfide, imethyl * . % ) '2.0
18.00 Beazese, methyl- 9 M
19.69 Pyrazine, methyl- L 4.7
19.82 2-Furmearbozaldebyda 95 €
21.88 Beazene, etbyl- » n

230 mp-Xyleos 96 ol
22.47 Cyclobexancos & 2
.83.14 o~Xylene 96 9
23.27 Ethasol, 2-butoxy- o 13
24.69 2-Propascl, l-butory- L 12
25.69 Phenol Lo} 2
27.63 Bezsesemethanol - 9 b K
Z7.84 1-Hezanol, 2-eibyl- 8 s
2139 Limonene : 96 153
32.76 Ethasol, 2-(2-butoxyedoxy)- & 99
Total Volatile Orgraic Kydrocarbous 3302

2) Based cu 22 electronic database search of the NDUEPA/MSDG
Maszs Spoctral Dats Base (NBS Library) aad the Registry of
Mass Spectral Data (Wikey Lidrary).

b) % Fit versus referzocs spectra.

¢) Maaual isterpretation.
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Figure A-4. VOC Results
Site 1 Autoclave No. 1 -
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Table A-3. VOC Results
Site 1 Compactor 4.67L

QUALITATIVE IDENTIFICATION REPORT

RTUVECD 4259
Retention Coocentration
Tipe (min) Peak Keztifcation(s) Fu®d)  (ug/md)
4.10 Metkane, dichloradifluces 1) 213
4.64 Propane, 2-mettyl- & 29
6.41 Mathane, axybis- s2 137
6.35 Acetone » 104
7.08 Mettase, trichloroflucr> <] t )
7.65 2-Propasal 76 356
$.29 Methans, dichicro- 1 11
8352 Carbon disulfide 6 9s
11.50 Acetic acid, ahy! ester 11} 15
1216 Ethunol, 2-petdboxy~ 76 s.1
12.74 2-Propasce, 1-bydroxy- & 10
15.43 Mety! methacrylats 1] 12
17.99 Beazeoe, metbyl- 9 b <]
19.69 Pyrazive, methyl- T S 53
19.89 2-Furncarboxildehyde ] st
21.83 Benzens, sihyl- t 1) n
2.29 m,p-Xylens 96 330
2.43 Cyclobezanoos 7} b )
291 Styrens 96 -
B.14 ~Xylen 96 102
826 Ethandl, 2-butoxy- E <) 29
24.68 2-Propesel, 1-batory- ) 14
25.12 Terpese isomer () 34
'25.71 Phesol 94 2
21.64 Bearenemethancl » 6.0
2738 [-Hexaool, 2-sthyl- 8% ) )
23.40 Limooens 96 23
3275 Ethasol, 2-(2-butoxyetdoxy) 3 8.6
37.35 Phenol, 2,6-bis(I-methylethyl 8% 21

Total Volstle Organic Hydrocarbons 301t

8) Based oa an electronic dstabuse search of the NIH/EPA/MSDC
Mazss Spectral Data Base (NBS Library) and the Regisy of .
Mazss Spectral Data (Wiley Library).

b) % Fit versus reference spectry.

- €) Mazual interpretation.



Figure A-5. YOC Results
Site 1 Compactor
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Table A-4. VOC Results
Site 1 Operator Area 4.35L

QUALITATIVE DENTGICATION REPORT

RTUVECD 4260 : ' .

Reteston Ceonceatton

Tize (min) Pak KeatiScasonls) Fe®d) (eg/ed)
4.10 Matase, dichlorodiflucro- - & 213
4.62 Propace, 2-methyl- L 31
6.41 Metbane, oxybis- 3 149
6.57 Acatoaicile ’ 76 a1
6.38 Aceicme L o] 133
7.8 2-Propesdl " . 3%
$.23 Mabyless cbloride .5 15
$.52 Carbon disulfids [ 143
1151 Clorofors 0 33
12,15 Edhasel, 2-metbory- 7% 5.3
1273 2-Propascee, I-bydroxy- 6 12
1353 Beazeoa L 1.0
13.68 1-Butanol n B 10
15.43 Moyl methaerylate LT X
1759 Benzene, methyl- 9 32
19.6 Pyrazine, methyl- 7 4.4
19.857 2-Fenacarboraldebyde | 95 “
21.38 Beazene, athyl- &7 n
2223 m,p-Xylens 96 0
22.47 Cyclobezancos 8 E 4y
22.90 Styrens 93 21
3.13 o=Xyleae 96 )
228 Ethasol, 2-bazoxy~ <} p -]
24.63 2-Propancl, 1-butoxy~ 3 i
25.69 Pheool o4 21
27.8 Beazesemethanol R ) 37
27.8 1-Hezancl, 2-uthyl- .86 41
2338 Limooens 9 156
32.75 " Ethanol, 2-(2-butoxyethory) 76 82

Total Volatile Orguaic Hydrocarbons 3518

1) Based ca 2a slectronic databuse search of the NDUEPAMSDC
Mass Spectral Dats Base (NBS Library) aod the Regisy of
Mazs Spectral Dats (Wiley Library).

b) % Fit versus refereace spectra.

€) Mazoal interpretation.
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Figure A-6. VOC Results
Site 1 Operator Area
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Table A-5. VOC Results
Site 1 Field Blank

QUALITATIVE IDENTTFICATION REPORT
F3-1Sis 1

Reteation . )

Tize (min.) Peak ldeatificstion(s) . Fib)
12.57 loterpal standard
2134 lotermal stasdard

a) Based ca aa electronic dstabuse sesrch of the NIH/EPA/MSDC
Mass Spectral Data Base (NBS Library) 20d the Registry of
Mass Spectral Data (Wiley Library).

b) % Fit versus referesce specma.

¢) Masua! interpretation.
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Table A-6.

Medical Waste
Field Control Recoveries VOCs

Site 1

% Recovery

FCvs. LC*
Chloroform 148.0
Toluene 153.6
o-Xylene 97.7
Vinyl chloride 19.3
Benzene 97.2
trichloroethylene 96.5

Field control versus lab control
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A.4.3 Aldehydes and Ketones

Formaldehyde is a contaminant that may be emitted during the treatment of medical waste.
Formaldehyde and other volatile aldehydes and ketones were screened for using a silica
geVDNPH-(2,4-dinitrophenylhydrazine) method (US EPA, 1988). During air sampling,
aldehydes/ketones instantaneously react on the cartridge to form the DNPH derivative. For
analysis, the DNPH/aldehyde/ ketone derivatives were eluted from the cartridge with acetonitrile.
This extract was then analyzed by high performance liquid chromatography (HPLC).
Aldehyde/ketones were identified by comparison of their chromatographic retention times with
those of purified standards. Quantitation was accomplished by the external standard method
using calibration standards prepared in the range 0.02 to 15 ng/uL of the DNPH/aldehyde
derivatives. Standards were analyzed and a calibration curve calculated by linear regression of the
concentration and chromatographic data. A list of aldehydes/ketones analyzed during Phase 1
screening is shown in Table A-7.

Table A-7. Example Aldehyde/ketones Analyzed During Phase 1 Screening

Formaldehyde Acetaldehyde Acetone Acrolein

n-Propanal Crotonaldehyde n-Butanone n-Butanal

Benzaldehyde n-Pentanal n-Tolualdehyde n-Hexanal
- - ___________________________

Aldehydes were collected at a flow rate of nominally 120 cc/min for 7 ¥2 hours at the
process area near the control panel, over autoclave number 1, and at the compactor.

The aldehyde results (Table A-8) indicated concentrations of formaldehyde in the range of
0.08 to 0.18 mg/m® as compared to the OSHA PEL of 0.94 mg/m® and the ACGIH TLV of 0.37
mg/m’ (ceiling limit). Acetaldehyde and acetone were also observed but at concentrations of
nominally 0.07 mg/m’, several orders of magnitude lower than the respective PELs of 360 and
2400 mg/m’.

A.4.4 Metals sampling and analysis

The methodology for metals sampling used the EPA draft method 29 sampling train for
combustion source emissions (US EPA, 1986). The sample system incorporates a glass fiber filter
followed by two (2) impingers containing acidified peroxide solution for collection of aluminum
(Al), antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr),
cobalt (Co), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), labile mercury (Hg*?), nickel
(N1i), phosphorus (P), selenium (Se), silver (Ag), thallium (T1) and zinc (Zn). Following the
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Table A-8.

Results of Aldehyde Analysis
Sample ID Location Air Volume
4262 Site 1 - autoclave No. 1 547L
4263 Site 1 - compactor S5.1L
4264 Site 1 - operator area 56.1L
4265 Site 1 - operator area duplicate 60.0L
FB-1 Site 1 - field blank 00L
Concentrations expressed in (ug/m’)

Solution Field
Sample Field Control | Blank-B1 | 4262 | 4263 4264 | 4265 Blank-1
Compound % Recovery
Formaldehyde 86 <2.6 141 185 124 79 <2.6
Acetaldehyde 99 <2.6 73 73 67 35 <26
Acetone 98 <2.6 95 88 90 61 <2.6
Acrolein 0 <2.6 .6 <2.6 .6 <2.6 <2.6
Propionaldehyde 91 2.6 27 40 27 19 <2.6
Crotonaldehyde 4 <2.6 <26 | L6 <26 | <L.6 <2.6
2-Butanone 64 <2.6 74 54 5.6 <2.6 .6
Methacrolein 25 <2.6- <2.6 <2.6 <2.6 2.6 <2.6
Butyraldehyde 88 <2.6 12 13 11 49 <2.6
Benzaldehyde 99 <2.6 13 18 8.2 59 - Q.6
Valeraldehyde 1 <2.6 <2.6 34 <2.6 <2.6 <2.6
m-Tolualdehyde 84 <2.6 <2.6 <2.6 <26 | <26 <2.6
Hexanal 76 <2.6 49 55 8.6 33 <2.6
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peroxide impingers were two impingers containing acidified potassium permanganate for the
collection of elemental mercury (Hg®). The draft method has been evaluated extensively at RTI
and other laboratories, particularly for mercury species. In addition, the method has been used in
the field by a large number of industrial stack testing contractors. A miniaturized version of the
sampling train that incorporates midget impingers (1 - 2 L/min sampling rates) instead of the
Greenburg/Smith impingers (approximately 20 L/min) was used.

Metals were collected at a flow rate of nominally 1 Lpm for 8 ¥2 hours at the area over
autoclave number 1 and at the compactor.

The measurement of these resulting samples included graphite furnace atomic absorption
(GFAA) for As, Sb, and Se; cold vapor atomic absorption (CVAA) for Hg®, inductively coupled
plasma mass spectrometry (ICP/MS) (EPA Method 200.8) for Al, Ba, Be, Cd, Cr, Co, Cu, Pb,
Mn, Ni, Ag, Tl and Zn; and inductively coupled plasma emission spectrometry for Al, Fe, Zn and
P. These methods are described in both the NIOSH Manual of Analytical Methods (NIOSH,
1994) and in EPA “Methods for Chemical Analyses of Water and Wastes” (EPA 600/4-79-020).

The results of the metals sampling (Tables A-9 through A-11) indicate minimal levels
(most are less than the detection limits), of the following metals, Be, Al, Cr, Mn, Fe, Co, Ni, Zn,
P, Cu, As, Se, Ag, Cd, Sb, Ba, Tl, Pb and Hg. Quality control data for the metals testing is
shown in Table A-12. )

A.4.5 Indoor Air Quality

The indoor air quality was evaluated from 3/26/ 96 to 3/27/96, using a Metrosonics Air
Quality Monitor AQ-501 (S/N 1613). The air was evaluated for temperature, humidity, carbon
dioxide (CO,), and carbon monoxide (CO). The results (Table A-13) indicate adequate indoor air
during the sampling period.

A.5 NOISE

A noise survey was conducted on 3/26 - 3/27/96 using a Quest Sound Level Meter (S/N
DL8110002) calibrated with a Quest Calibrator (S/N J8100013). The noise survey demonstrated
that noise levels ranged from 69 to 100 dBA in the process area and from 44 to 53 dBA in the
office area (Figures A-8 and A-9). The sources of the loudest noise in the process area include
the mechanical shaking the drums at the compactor, venting/ramping of the autoclave steam,
rolling bins off of trucks, the entrance to the container washer, and the radio located -near the
loading dock. While the area noise survey demonstrated that the potential to exceed the OSHA
Permissible Exposure Limit (PEL) of 90 dBA exists, the data is inconclusive since it was only a
survey and not a measurement of an 8 hour time weighted average noise exposure. Most of the
noise is intermittent and scattered at various locations throughout the plant floor. Company
management has a hearing conservation program in place and has documented that the OSHA
PEL is not exceeded during routine work in the process area. There is a supply of foam ear plugs
available at the entrance door to the process area but no employees were observed to be wearing
any hearing protection. The hearing conservation program requires employees to wear hearing

A-34



Table A-9. Site 1

Metals Analysis (ug/m®)
Blank Corrected
socation Autoclave
VECD No. 4272 4266 4267 4268 4268 4269 4271
Jentifier Prefilter Impinger1 | Impinger2 Impinger Impinger 4 Impinger | Impinger 6
{olume (m*) 0.522 0522 0522 3 0522 § 0.522
0.522 0522
als
Be <0.06 <0.06 <0.06 <0.06 a 2 a
Al <6.0 <6.0 <6.0 <6.0 a a a
Cr <1.0 <10 <10 <1.0 a a a
Mn <0.06 <0.06 <0.06 <0.06 a a a
Fe <1.0 <1.0 <l.0 <1.0 a a a
Co <0.4 <0.4 <04 <0.4 a a a
Ni <0.2 <0.2 <02 <0.2 - a a a
Zn <1.0 <1.0 <10 <1.0 a a a
Cu <0.06 0.0785 0.0766 0.0632 a a a
Cd <0.02 <0.02 <0.02 <0.02 a a a
Sb <0.02 <0.02 <0.02 <0.02 a a a
Ba 1.0249 0.1820 0.0421 0.0364 a a a
T <0.02 <0.02 <0.02 <0.02 a a a
Pb <0.1 <0.1 <0.1 <0.1 a a a
Hg*? 0.0050 0.0105 0.0305 b a a a
Hg® c c c c 0.3801 b 0.8107
As <0.1 <0.1 <0.1 <0.1 a a a
Se <0.1 <0.1 <0.1 <0.1 a . a a
Ag <0.1 <0.1 <0.1 <0.1 a —-a a
P <10.0 <10.0 <100 <100 a a a

a. Impingers 4-6 analyzed oﬁly for Hg®

b. Solution lost to analysis
c. Prefilter and impingers 1-3 analyzed for Hg

+2
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Table A-10. Site 1

Metals Analysis (zg/m®) Set 2
Blank Corrected
Location Compactor 4274 4276 4277
RTVECD No. 4278 Impinger 2 Impinger 4 Impinger 6
Identifier Prefilter 0528 0.528 (Rinse)
Air Volume (m’) 0.528
Metal <0.06 <0.06 <0.06 a n N/A b
Be

Al <6.0 <6.0 <6.0 a b N/A b

Cr <1.0 <1.0 <10 a b N/A b

Mn <0.03. .<0.03 <0.03 a b N/A b

Fe 1.3447 <1.0 <1.0 a b N/A b

Co <04 <0.4 <04 a b N/A b

Ni <0.2 <0.2 <0.2 a b N/A b

Zn 1.0795 <1.0 <1.0 a b N/A b

Cu 0.0720 0.1723 0.0758 a b N/A b

Cd <0.02 <0.02 <0.02 a b N/A b

Sb <0.02 <0.02 <0.02 a b N/A b

. Ba 1.8182 0.1515 0.1307 a b N/A b

Tl <0.02 <0.02 <0.02 a b N/A b

Pb <0.1 0.1591 0.1420 a b N/A b

Hg*? 0.0119 0.0265 0.0095 0.0044 b N/A b
Hg’ c c c c 0.8420 N/A 0.0568

As <0.1 <0.1 <0.1 a b N/A b

Se <0.1 <0.1 <0.1 a b N/A b

Ag <0.1 <0.1 <0.1 a b N/A b

P <10.0 <10.0 <10.0 a b N/A b

oP

Solution lost to analysis
Impingers 4-6 analyzed only for Hg"

Prefilter and impingers 1-3 analyzed for Hg*?
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Table A-11. Site 1

Metals Analysis (Total ng)
Blank Data
RTL/ECD No. 4284 4280 4282
Metals Mercury
Identifier Filter Blank Impinger Blank Impinger Blank
Be <0.03 <0.03 a
Al <30 <3.0 a
Cr <0.5 <0.5 a
Mn 0.060 <0.03 a
i‘c <0.5 <0.5 a
Co <0.2 <0.2 a
Ni <0.1 <0.1 | a
Zn <0.5 <0.5 a
Cu <0.3 <0.03 a
Cd <0.01 <0.01 a
Sb <0.01 <0.01 a
Ba <0.03 <0.03 a
Ti <0.01 <0.01 a.
Pb 0.080 <0.05 a
Hg" <0.02 <0.02 a
Hg® b b 0.0057
As <0.05 <0.05 a
Se <0.05 <0.05 a
Ag <0.05 <0.05 a
P <5.0 <5.0 a

Mercury impinger blank analyzed for Hg®
Metals impinger blank analyzed for Hg*
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Table A-12.
Quality Control for Metals
(Spike Recoveries)

Solution Filter
% Recove % Recove

Be 113 113 9.42 942
Al 1002 100 N/A -
Cr 86.6 86.6 99.30 93.0
Mn 83.0 -1 83.0 9.45 94.5
Fe 996 99.6 223 89.2
Co 69.6 69.6 8.84 88.4
Ni 938 85.6 9.52 95.2
Zn 98.7 98.7 43.4 86.8
Cu 99.5 99.5 23.1 924
Cd 97.4 97.4 8.75 87.5
Sb 4.66 93.2 N/A -
Ba 98.0 98.0 9.00 90.0
Tl 4.50 90.0 8.80 88.0
Pb 336 67.2 224 89.6
Hg N/A N/A

As 479 95.8 425 85.0
Se 490 98.0 23.2 92.8
Ag N/A 445 89.0
P 471 94.2 N/A -

N/A  Solution was not spiked
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Table A-13.

Indoor Air Quality
| Sampling Dates 3/26/96 3/26 t0 3/27/96
Location Left Wall Near | Operator Area | 1st Floor Break
Bin Washer Room
CO, average 466 ppm 388 ppm 532 ppm
OSHA PEL* 10,000 ppm 10,000 ppm 10,000 ppm
RTI Suggested Limit 1,000 ppm® 1,000 ppm 1,000 ppm
CO average 0 ppm 0 ppm 0 ppm
OSHA PEL 35 ppm 35 ppm 35 ppm
Temp. average 65.1°F 58.7°F 75.9°F
minimum 56.4°F 52.9°F 63.6°F
maximum 69.6°F 63.3°F 78.9°F
Relative humidity
average 41.7% 57.1% 31.5%
minimum 30.2% 33.8% 26.4%
maximum 51.6% 80.0% 58.7%

OSHA PEL is the Occupational Safety and Health Administration Permissible Exposure
Limit for an 8 hour workday.

1,000 ppm is the current limit adopted by the State of Washington.
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Figure A-8. Noise Survey of Office Area
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Figure A-9. Noise Survey of Plant Area
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protection whenever working between the two autoclaves during the ramping segment, when
cleaning inside of the autoclave, and when removing debris from the autoclave waste bins, and
whenever operating the shredder. The shredder is no longer present in the plant.

A.6 ERGONOMIC ISSUES

The purpose of an ergonomic assessment is to prevent the occurrence of work related
musculoskeletal disorders. Work related musculoskeletal disorders are usually attributable to the,
following work practice which was observed at this facility, "unassisted manual lifting and
lowering of anything weighing more than 25 pounds more than once during the work shift."
Workers were observed removing bins (weighing nominally 25 pounds) from the top of a stack
of three, and dropping the bin down on the ground (to perform a sort of preliminary compaction
and remove any material stuck in the bin lid). They then opened the lid and picked up the small
bins and dumped them into a large waste bin. This process involved lifting, lowering and twisting
of the torso. The potential for injury is strong in spite of the employees wearing back braces. This
problem has been addressed by having workers change tasks every two hours.

A.7 ENGINEERING CONTROLS

The areas of emphasis of this section are ventilation and engineering controls. However,
much of the engineering control aspects of this inspection are covered more in depth in the safety
report. Relevant details about the plant are presented first followed by data, then
recommendations.

A.7.1 Plant Description
A.7.1.1 Autoclave Venting

The autoclaves pull approximately 15 in. H,O postrun vacuum before opening. This
eliminates some of the steam from entering the room, but very clearly not all. When the autoclave
opens much steam can be seen being released. Steam rises toward the ceiling but does not appear
to head to the vent. However, the gas stream may be venting acceptably but becoming
non-visible before the vent. Also, the opacity of the steam plume may decrease on warmer days.
It is clear that the vents do not operate as hoods or the visible plumes would exit toward the
vents.

A carbon bed is used to filter the effluent gas stream from the autoclaves (produced from
the vacuum applied before opening) before discharging the air into the plant very near the ceiling
vent. The bed is replaced every 6 months. This bed operates at high humidity. Assuming that the
airflow out the vent entrains this treated air, this poses no problem for the interior. However, the
airflow pattern needs to be examined more thoroughly.
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A.7.1.2 Radiation Detection

A radiation detector is used as a control for gamma radiation exposure. The detector
scans all incoming waste so that unacceptably radioactive waste is not unloaded into the facility.
The facility limit for radioactive material was 50 microcuries.

A.7.1.3 Floor Drains

At several locations in the plant, floor drains covered by grating allow water to quickly
drain from the floor eliminating much potential for slippery floors and water borne contamination
spread to the workers. These drains are an effective control measure where they are present.

Both tub washers leak a solution of contaminant, disinfectant, and water to the floor
during runs. The small tub washer leaks from a main overflow pipe, located in the back, during
cleaning out. This water mix currently pools on the floor and must be swept down a drain. The
plant personnel report plans to install a grate-covered floor drain near the bin washer to help with
this problem. It is unclear whether the main drain from the small tub washer will actually be piped
to the drain or whether the water will simply drain across the floor to the grate. Either way it will
be an improvement, but direct ducting to the sewer or to the drain would be preferable. The
floor, even though wet, did not appear to be slippery when walked on.

A.7.1.4 Ventilation

In the main room, there were definite gusts of cold air. Both days at the facility were
quite windy with March 26 being exceptionally so. There are plastic guards around the truck
entrances to prevent excess cold air from entering. In addition six gas radiation, heating fans,
were stationed throughout. These heaters were often on. Two wall fans blow in about halfway
up the walls at approximately halfway down the wall. The fans are rated at 8950 cfm. During the
first day, one of the side fans was on continuously; the other was turned on for part of the day.
The fan on the "dirty” side pulls air from outside at the back of the building not near anything.
The other fan pulls air from above the parking lot. Neither fan blows air in from near the loading
dock.

Another two 8950 cfm rated fans are pulling air out through the 2’ square roof vents.
The total floor space in the main room is approximately 13624 sq. ft. including the area covered
by equipment. The total room volume, including the volume filled with the elevated "dirty" area,
the equipment, people, and waste, was approximately 368,000 cu. ft, using an average ceiling
height of 27 ft. Thus, based on the fan ratings, an air exchange rate for the room due to the fans
would be approximately 2.9 ach. According to personnel the prevailing winds during the winter
are from the north (which means wind blows into the facility bays) and from the south in the
summer. Thus in the winter the air exchange will definitely be improved by the winds, as was
seen with the gusting of the wind into the room during our visit. During the summer some air will
enter through the boiler room when the large door is open, but the influence of outside breezes
will probably be less, resulting in higher concentrations of indoor generated pollutants and a
greater temperature elevation.
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The room temperature as monitored at the worker station showed the room temperature
at that location to be around 64°F on March 26 and 68°F on March 27. Thus the subfreezing
outdoor temperatures were not cooling the room excessively. It was very windy outdoors on
3/26/96. Gusts of air were entering the main room through the boiler room when the outdoor
"truck" width and height door was open. It was reported that sometimes the airflow is out
through the boiler room from the autoclave area. The boiler room pulls 10,000 cfm for use by the
boilers but not from the main room.

During the summer the plastic guards from around the trucks are removed to allow
additional airflow. In the summer big floor level fans are employed to move air in the facility.
According to the personnel the summer outdoor temperatures are usually in the 70-80°F range,
while the indoor temperatures are higher (100° F was mentioned).

A.7.1.5 Waste Removal Pole

The pole used to prod recalcitrant waste from the tubs creates several problems. First the
pole is used, then stored in the worker area. Thus the pole may bring fresh, untreated liquid waste
into contact with the worker station. Second, liquids may run down the pole to contact the
workers. |

A.7.2 Air Velocities

As has been addressed earlier, the airflow in the building was gusty. The air velocities, as
measured with a hot-wire anemometer, were so variable that most of the readings consisted of
determining a low and high velocity for the range over which the meter needle swung. For those
cases where the readings were mainly at one level with brief gusts or calm spells, an average wind
velocity was estimated by watching the gauge for several minutes. On 3/26/96, a very windy day,
the air velocity coming into the building at the then empty bay near the unloading trucks varied
basically between 10 and 20 fpm with occasional gusts as high as 75 fpm. At the operator station
the air velocities varied mainly from 0 to 30 fpm with occasional gusts up to 45 fpm. On 3/27/96,
a day not quite as windy as the day before, the airflow coming into the builidng through the fan
near the compactor was measured. The measurements were taken on the scaffolding in front of
the fan about 4 feet out from the center of the fan. The air velocity at this point varied regularly
between 125 and 475 fpm with an apparent average value of 250 fpm.

A.7.3 Recommendations
Reduction of the amount of hand labor would be desirable. Possible suggestions to this

include extending the conveyor for the box unloading closer to the bins to eliminate the need to
pick up and heave the boxes across the room and over the railing.
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Floor drains should be installed in the areas near the tub washers. If possible the drainage
from the washers should be directly ducted to the sewer or to the drain. The drains should be
positioned to catch the draining water as close to the source as practical so that the water does
not have to flow across traveled paths to reach the drain.

The use of the pole to remove waste from the bin loader should be rethought. It must not
be used, then stored near the workers. A stand for the pole could be set up outside the worker
shield. This stand and the pole could be disinfected at regular intervals and when the floor is
cleaned to reduce contamination transfer to the worker. Also, redesigning the pole to prevent
liquid from reaching the worker as suggested by the corporate toxicologist and engineer would be
helpful. A "lip" to stop the liquid might prove useful if the workers are trained to carefully dump
the entrained liquid into the bin and not onto themselves or the floor. Workers using the pole
must be careful to have all skin covered: gloves should cover the edges of sleeves and gloves
should be replaced if liquid waste runs onto them. It might be beneficial to double glove for this
task so that the outer glove could be routinely removed.

Some kind of noise control for the compactor during dumping (especially the shaking)
would lower noise exposure; however, the Phase 1 screening only showed possible accedence of
the noise limit (see Section A.4.6).

A.8 RESPIRABLE AEROSOL SCREENING

Aerosol measurements were taken with the hand held aerosol monitor (HAM) that
measures mass concentration in the 0.3 to 2 pm size range and with the Laser Particle Counter
(LPC) that measures number of particles in various size ranges. An average density of 1.5 g/cm’
was assumed as a conservative estimated for the particles counted by the LPC; the density of
water is 1 g/cm® so the 1.5 assumption allows for any heavier particles. Thus the mass calculated
should, if anything, err slighlty on the high side. The mass concentration below 5 pm and the total
mass up to 15 pm were calculated. The HAM results are shown in Table A-14 and the LPC data
are shown in Table A-15. None of the measurements exceeded the TWA of 10 mg/m? for
particulates not otherwise classified.

As treated waste bins exited the autoclave, particle concentrations at the worker station
rapidly increased from approximately 0.04 to 2.1 mg/m’, then reduced to 0.73 in less than 5
minutes. The air looked foggy toward the open autoclave. It is possible however, that the
increase in particle concentration at this point is primarily due to the steam release.

In addition these numbers do reflect the concentrations for a very gusty day when the
outdoor air was quite low in concentration. On a windless day the level may be much higher.
However, strictly from the particle concentrations, no problem can be diagnosed that needs
addressing.
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Table A-14.
HAM Measurement for the Autoclave Facility

Mass
Concentration
(mg/m* )
Breakroom 0.006, 0.008
Boiler Room 0.007
At top of steps - (near boiler room) 0.100, 0.200
At table - near operator station 0.050
Next to operating tub washer 0.450
Near loading bins when not loading 0.044
At compactor trailer, while cleaning 0.050 below dumping site for treated
when backing 0.020 waste, lots of outdoor air
‘Worker station - peak value shortly 2.100
after one autoclave opened
Worker station as particle concen- 0.730 <5 min later
trations decay/vary 0.085 15 min later
0.070 3:02 pm, door opened at 3:03 pm
0.068 t0 0.073 | 3:05 pm
0.032 3:07 pm
0.600 3:09 pm
Loading area when bags are being 0.085 to 0.109
loaded
In steam plume from autoclave 1.800

A-46




Table A-15.
Mass Concentrations for the Autoclave Facility

Noted activity during sampli

Breakroom 0.0002 0.0056

Table near operators 0.0103 0.0759 autoclave opened after 1st 10 um
reading

Table near operators 0.0391 0.0904 while bins exiting autoclave

Table near operators 0.0391 0.1150 while bins exiting autoclave

Plastic bag loading area 0.0142 0.1097 autoclave opening

Compactor dumping 0.0111 0.0237

Compactor - not loading | 0.0061 0.0232

Near large tub washer 0.0105 0.0211

Near compactor 0.0060 0.0250 autoclave opened in middle of series
spraying of lower floor toward end
tub dumping with liquids flying and
asphalt release agent spraying

Near compactor 0.0052 0.0175 bins approaching from autoclave

Near venting autoclave 0.0043 0.0095

and running tub washer

* Based on LPC data and assumed density of 1.5 g/cm®
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A9 ASSESSMENT OF BLOOD ON SURFACES

The March 26-27, 1996, Phase 1 environmental sampling and analysis assessed the extent
of blood contamination on a variety of surfaces and materials in the processing area of a medical
waste facility using the steam autoclave process for waste treatment. Evaluation of blood and/or
blood containing body fluids on surfaces in the processing area could provide important
information relative to identifying the most potentially hazardous steps in the treatment process,
which through modifications in engineering and/or work practice controls, could minimize worker
exposures. Visual inspection for visible blood on surfaces, along with the collection of wipe
samples for hemoglobin detection, was carried out throughout the processing area, but focused
primarily in the tub dumping and washing areas. In the dumping area large tubs of waste are
mechanically emptied into the large treatment bins that hold the waste during the autoclaving
process. Also in that area, smaller tubs are emptied by the manual extraction of the red bag
waste, which can often be seen dripping fluids. From the dumping area, all reusable tubs are
moved to the washing area where they are decontaminated, deodorized, and cleaned in a semi-
automated procedure.

Forty five (45) wipe samples were collected and processed immediately for the presence of
hemoglobin, using collection and analysis methods described iri Appendix J. Results are presented
in Table A-16. Twenty (44%) of the samples were positive, primarily those associated with waste
dumping and the waste dumping area, including the concrete floor and liquid waste spills, tub
dumper and railing, waste conveyor rollers, and a long stick used to reposition waste bags in the
treatment bins. Most samples collected from the control panel area were negative, presumably
because that area is protected by splash shields, and those workers operating the controls and
touching various buttons and switches usually removed their gloves prior to touching controls.
Four samples were collected at the post-treatment waste compactor, of which three were positive
for residual hemoglobin. Those three surfaces were very soiled and undoubtedly contained settled
residues from hundreds of post-treatment compactions. This is consistent with the knowledge
that not all hemoglobin is broken down in the autoclave process, and that non-infectious blood
residues can be expected to accumulate in the compaction area. For control purposes, three
samples were collected from surfaces in the maintenance area adjacent to autoclave #2 and were
found to be negative as expected. No samples were collected from surfaces in the tub washing
area, since most surfaces in that area are usually wet with hypochlorite solution, which gives a
false positive hemoglobin result and was confirmed by testing. The entire outer surfaces of two of
the workers' face shields were tested and found to be negative.

Recommendations to reduce exposure to blood and body fluid splashes include providing
adequate splash protection especially personal protective equipment including enforcement of the
use of face shields. A uniform policy on the use of gloves should be established and enforced
especially in the control panel area. In this area some workers removed gloves to push buttons
while others left used gloves on. One suggestions would be to have workers don clean gloves
before touching the panel.
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Table A-16.
Steam Autoclave Surface Blood Results

neatinn / Llescrinion 9
Autoclave 1 03/26/96|Cntrl Pn! A to right of button 2'x4" Neg
Autoclave 2 03/26/96{Cntrl Pnl B 2"x 4" Neg
Autoclave 3 03/26/96{Concrete floor spill behind Cntrl Pnl 3"x S" {4+
Autoclave 4 03/26/96{Cntrl Pnl below condenser knob 1"x 3" Neg
Autoclave 5 03/26/96|Cntrl Pnl below temp readout 3I"x 4" Neg
Autoclave 6 03/26/96{Tub dump restraint bar - right 1.5"x 6" Neg
Autoclave 7 03/26/96]Tub dump restraint bar - left 1.5"x 10.5"  [4=++
Autoclave 8 03/26/96|Plexiglass splash wall - waste side 4"x 5" Neg
Autoclave 9 | 03/26/96{Tub dumper (left) wet area 6"x 6" Neg
Autoclave 10 | 03/26/96|Tub dumper (right) wet area 6"x 6" Neg
Autoclave 11 | 03/26/96{Worker face shield entire sfc 15.5"x 8" Neg
Autoclave 12 | 03/26/96{Floor drips from bags in small tubs {4+
Autoclave 13 | 03/26/96{Large tub wet top edge 6'x 3" Neg
Autoclave 14 | 03/26/96|Large tub top handle - Neg
Autoclave 15 | 03/26/96(Waste conveyor roller +Ht
Autoclave 16 | 03/26/96|Railing next to tub dumpers 6'x3"
Autoclave 17 | 03/26/96|Compactor clamp ratchet handle 2" circumf, |Neg
Autoclave 18 | 03/26/96|Compactor top railing (very soiled) 1"x 12" +Ht Very soiled surface
Autoclave 19 | 03/26/96|Compactor edge 1"x 12" 4+ Very soiled surface
Autoclave 20 | 03/26/96{Compactor, opposing top rail 1"x 12" =+ Very soiled surface
Autoclave 21 | 03/26/96|Asphalt release agent (test) Neg
Autoclave 22 | 03/26/96{Tub washer water ++
Autoclave 23 | 03/26/96!Tub dumper end rail 1"x 12" +Ht
Autoclave 24 | 03/26/96|Tub dumper retainer bar right 24" b
Autoclave 25 | 03/26/96|Wood waste poking stick handle 12" =+ Visible blood
Autoclave 26 | 03/26/96{Cntrl Pnl B 6"x 6" Neg
Autoclave 27 { 03/26/96|Cntr] Pnl metal shelf 12"x 24" +Hit
Autoclave 28 | 03/27/96{Concrete fir drips left of tub dump |4+
Autoclave 29 | 03/27/96|Cntrl Pnl A left of button 6"x 6" +Ht
Autoclave 30 | 03/27/96|Cntrl Pnl B left of button 6"x 6" Neg
Autoclave 31 | 03/27/96|Plexiglass splash wall 6"x 6" +
Autoclave 32 | 03/27/96|Flr left tub dmp aft NaOCl clean, dry 4"x 5" Neg
Autoclave 33 | 03/27/96|Tub dumper left railing 6"x 3" [+++
Autoclave 34 | 03/27/96]Worker face shield entire sfc 15.5"x 8" Neg
Autoclave 35 | 03/27/96|Cntrl Pnl below temp readout 3"x 4" Neg
Autoclave 36 | 03/27/96/Cntrl Pnl below condenser knob Neg
Autoclave 37 | 03/27/96(Cntr] Pnl shelf same area as 3/26/96 12"x 24" Neg
Autoclave 38 | 03/27/96|Cntrl Pnl shelf adjacent area 12"x 24" +Ht
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Autoclave 39 | 03/27/96]/Waste conveyor, ¥ of a roller +Ht
Autoclave 40 | 03/27/96]|Large Tub handle +Ht
Autoclave 41 | 03/27/96|Hydralic lift handle Neg
Autoclave 42 | 03/27/96{Rail above Unit #2 12" Neg
Autoclave 43 | 03/27/96|Flammable cabinet top edge 6"x 4" Neg
Autoclave 44 | 03/27/96]|Cabinet next to door maint. area 8"x 8" Neg Very soiled surface
Autoclave 45 | 03/27/96!Tool box top next to Unit #2 12"x 15" Neg
*Hemastix Key

Neg Negative - No color change

+Nht  Positive non-hemolyzed trace
+Nhm Positive non-hemolyzed moderate
+Ht Positive hemolyzed trace

+ Positive small

++ Positive moderate

=+ Positive large

Detection limit = 5000 RBC/m! sample which corresponds to
0.000027 ml blood eluted from gauze wiped over a surface
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Visual assessment of the process, along with hemoglobin test results, shows that the tub
dumping area is the most contaminated and provides the greatest potential for worker exposure to
bloodborne pathogens. Both automatic and manual tub dumping result in the splatter and splash
of liquids from untreated, regulated medical waste. Based on the Phase 1 observations and test
results, it was recommended that Phase 2 monitoring focus on assessment of workers' exposure to
blood and body fluid splashes using personal sampling techniques.

A.10 ' SURFACE MICROBIAL CONTAMINATION

The Phase 1 survey assessed the extent of microbial contamination on a variety of surfaces
and materials in the processing area of a medical waste facility using the steam autoclave process
for waste treatment. Detection of the microbial indicator pathogens, Staphylococcus aureus and
Escherichia coli, could assist in determining the extent of microbial contamination from untreated
medical waste throughout the facility and the potential for worker contact exposures. Sampling
was conducted primarily in the tub dumping area where splatters and splashes were common, the
control panel area where workers sometimes touched buttons, switches, a telephone, and scanner
with potentially contaminated gloves, and personal protective equipment such as face shields and
gloves. Knobs on doors exiting the process area were also sampled, as were control surfaces
from a rest room located in the administrative section of the building.

A total of 50 surface samples and three controls were collected and processed using a
surface wipe and direct plate technique as described in Appendix K. Results are shown in Tables
A-18 and A-19. Although samples were collected from many wet areas to include liquids from
waste dumping and associated spills, no S. aureus was isolated from any sample, and only one
sample was positive for E. coli. Other non-pathogenic environmental organisms, notably a variety
of Bacillus species, were isolated in the sampling and analysis process, but they are
inconsequential relative to assessing potential worker exposures to recognized human pathogens.
The implication of not finding the two potentially harmful bacteria is that the inactivation of some
human pathogens in medical waste begins to occur rapidly after waste generation due to adverse
environmental conditions relative to temperature, moisture, and nutrients that were encountered
during storage and transport, thus older waste would be expected to have fewer living organisms
than recently generated waste as indicated in Appendix K. While this can be the situation for
some vegetative bacterial pathogens, such results are not necessarily indicative of the absence of
more environmentally resistant and virulent pathogens such as Mycobacterium tuberculosis or a
variety of bloodborne viruses. -

A.11 SUMMARY AND CONCLUSIONS
The steam autoclave facility occupies a light industrial building of approximately 16,000
square feet. Untreated medical waste is delivered to the facility by means of tractor trailers and

trucks carrying either sealed cardboard boxes of varying sizes or plastic tubs of varying sizes. The
containers are moved to a processing area either manually or with the assistance of carts or
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Table A-17.

E. coli Test Results
Autoclave 1 03/26/96{Cntrl Pnl A 2"x 2" 20 0
Autoclave 2 03/26/96|Cntrl Pnl B 2"x 2" 22 0
Autoclave 3 03/26/96]Condenser Switch ¥4 4 0
Autoclave 4 03/26/96]System start button ¥ 28 0
Autoclave 5 03/26/96{Floor spill by cntrl pnl 2"x 2" 114 0
Autoclave 6 03/26/96[Restraint bar right tub dumper 1"x3" 300 0
Autoclave 7 03/26/96|Restraint bar left tub dumper 1"x 3" TNTC 0
Autoclave 8 | 03/26/96{Toilet rim (Control) 2 in? TINTC 0
Autoclave 9 03/26/96{Toilet seat (Control) 2 in? 62 0
Autoclave 10 03/26/96|Toilet handle ¥ (Control) 13 0
Autoclave 11 03/26/96 |Plexiglass splash wall - waste side 2'x2" 4 0
Autoclave 12 03/26/961{Tub inside top edge - wet 2"x 2" TNTC 0
Autoclave 13 03/26/96|Railing next to tub dumper 2"x2" TNTC 0
Autoclave 14 03/26/96|Railing near cntrl pnl 20 0
Autoclave 15 03/26/96|Keyboard cover space bar 50 0
Autoclave 16 03/26/96Hand truck handle 46 0
Autoclave 17 03/26/96 |Worker glove 50 0
Autoclave 18 03/26/96]Railing left of dumper TNTC 0
Autoclave 19 03/26/96{Face shield - supervisor 2"x 2" 39 0
Autoclave 20 03/26/96Face shield - worker 2"x 2" 52 0
Autoclave 21 03726/96Scan gun cntrl pnl/ handle, trigger 4 0
Autoclave 22 03/26/96| Telephone receiver handie 6 0
Autoclave 23 03/26/96{Small tub edge 25 0
Autoclave 24 03/26/96 [Floor drips from bags in small bins TNTC 0
Autoclave 25 03/26/96]Door knob exit to break room hall 194 0
Autoclave 26 03/27/96{Cntrl Pnl A 1"x 3" 40 0
Autoclave 27 03/27/96{Cntrl Pnl B 1"x 3" 27 0
Autoclave 28 03/27/961Condenser Switch Y4 1 0
Autoclave 29 03/27/96|S ystem start button ¥4 2 0
Autoclave 30 03/27/96|Restraint bar right tub dumper 1.5"x3.5" 75 0
Autoclave 31 03/27/96Restraint bar left tub dumper 1.5"x 3.5" TNTC 0
Autoclave 32 03/27/96]Floor to left of tub dumper - wet TNTC -0
Autoclave 33 03/27/96Tub dumper inside right - wet 2"x2" TNTC 0
Autoclave 34 03/27/96| Tub dumper inside left - wet 2"x 2" TNTC 0
Autoclave 35 03/27/96|Railing near cntrl pnl 2"x 2" 5 0
Autoclave 36 03/27/96]Railing to left of tub dumper TNTC 0
Autoclave 37 03/27/96|Keyboard cover spacebar 25 0
Autoclave 38 03/27/96|Small tubs - wet edge TNTC 0
Autoclave 39 03/27/96 | Telephone receiver handle 1 0
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wtoclave 40

03/27/96|Scanner .2 0
wtoclave 41 03/27/96|Glove - supervisor -0 0
wtoclave 42 03/27/96|Face shield - worker 2'x 2" TNTC 0
autoclave 43 03/27/96|Large tb edge - wet 4"x 4" TNTC 0
atoclave 44 03/27/96{Hand truck handle 1"x 8" 0 0
ntoclave 45 " | 03/27/96[Plexiglass splash shield - waste side 4"x 5" 0 0
atoclave 46 03/27/96{Door knob exit from maintnce to hall 0 0
{utoclave 47 03/27/96}Door knob exit to break room hall TNTC 1
utoclave 48 03/27/96{Toilet seat (upstrs office Men) Cntrl 2"x 2" 0 0
utoclave 49 03/27/96|Toilet handle 0 0
utoclave 50 03/27/96|Toilet rim 0 0
utoclave 51 03/27/96|Table top upstairs conf room 4"x 4" 0 0
utoclave 52 03/27/96/Handle, dr to dwnstrs near conf room 4"x 3" 0 0
utoclave 53 03/27/96|Computer space bar, office 0 0
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Table A-18.
Staphylococous Aureus Test Results

03/26/96{Cntrl Pnl A 0

03/26/96{Cntrl Pnl B 2"x 2" 36 0

Autoclave 3 03/26/961Condenser Switch 1 0 0
Autoclave 4 03/26/96{S ystem start button ¥ 7 0
Autoclave 5 03/26/96|Floor spill by cntrl pnl 2"x 2" 178 0
Autoclave 6 03/26/96Restraint bar right tub dumper 1"x 3" 4 0

Autoclave 7 03/26/96[Restraint bar left tub dumper 1"x 3" 3 0

Autoclave 8 03/26/96|Toilet rim (Control) : 2 in? 9 0

{Autoclave 9 03/26/96|Toilet seat (Control) 2 in? 86 0
Autoclave 10 | 03/26/96]Toilet handle % (Control) 32 0
Autoclave 11 | 03/26/96{Plexiglass splash wall - waste side 2'x2" 6 0

Autoclave 12 | 03/26/96{Tub inside top edge - wet 2'x 2" 23 0

Autoclave 13 | 03/26/96{Railing next to tub dumper 2"x 2" 18 0

Autoclave 14 | 03/26/96]|Railing near cntrl pnl 16 0
Autoclave 15 | 03/26/96{Keyboard cover space bar 77 0
Autoclave 16 | 03/26/96/Hand truck handle ) 48 0
Autoclave 17 | 03/26/96|Worker glove 38 0
Autoclave 18 | 03/26/96|Railing left of dumper S 0
Autoclave 19 | 03/26/96(Face shield - supervisor 2"x 2" 38 0
Autoclave 20 | 03/26/96|Face shield - worker 2"x 2" 56 0
Autoclave 21 | 03/26/96|Scan gun cntrl pnl/ handle, trigper 59 0
Autoclave 22 | 03/26/96iTelephone receiver handle 5 0
Autoclave 23 | 03/26/96|Small tub edge 37 0
Autoclave 24 | 03/26/96{Floor drips from bags in small bins 92 0

Autoclave 25 ! 03/26/96{Door knob exit to break room hall TNTC 0

Autoclave 26 | 03/27/96iCntrl Pnl A 1"x 3" 85 0

Autoclave 27 | 03/27/96|Cntrl Pnl B 1"x 3" 99 0

Autoclave 28 | 03/27/96{Condenser Switch 14 7 0

Autoclave 29 | 03/27/96]System start button 4 4 0

Autoclave 30 | 03/27/96|Restraint bar right tub dumper 1.5"x3.5" 45 0

Autoclave 31 | 03/27/96{Restraint bar left tub dumper 1.5"x 3.5" 34 0

Autoclave 32 | 03/27/96{Floor to left of tub dumper - wet 160 -0

Autoclave 33 | 03/27/96|Tub dumper inside right - wet 2"x2" INTC 0

Autoclave 34 | 03/27/96{Tub dumper inside left - wet 2"x 2" TNTC 0

Autoclave 35 { 03/27/96{Railing near cntl pnl 2"x 2" 35 0

Autoclave 36 | 03/27/96(Railing to left of tub dumper 35 0

Autoclave 37 | 03/27/96|Kevyboard cover spacebar 42 0

Autoclave 38 | 03/27/96/Small tubs - wet edge 219 0

|Autoclave 39 | 03/27/96|Telephone receiver handle 9 0
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utoclave 40 | 03/27/96|Scanner 23 0
utoclave 41 | 03/27/96{Glove - supervisor 43 0
utoclave 42 | 03/27/96|Face shield - worker 2"x 2" 7 0
utoclave 43 | 03/27/96|Large tub edge - wet 4"x 4" 246 0
utoclave 44 | 03/27/96{Hand truck handle 1"x 8" 9 0
utoclave 45 | 03/27/96|Plexiglass splash shield - waste side 4'x 5" 12 0
utoclave 46 | 03/27/96]Door knob exit from maintnce to hall 4 0
utoclave 47 | 03/27/96{Door knob exit to break room hall TNTC 0
utoclave 48 | 03/27/96|Toilet seat (upstrs office Men) Cntrl 2"x 2" 9 0
utoclave 49 | 03/27/96|Toilet handle 60 0
utoclave 50 | 03/27/96]Toilet rim 2 0
utoclave 51 | 03/27/96|Tabie top upstairs conf room 4"x 4" 0 0
utoclave 52 | 03/27/96|Handle, dr to dwnstrs near conf room 4"x 3" 42 0
utoclave 53 | 03/27/96|Computer space bar, office 157 0
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forklift. The processing involves filling large waste bins either manually or with the assistance of
a hydraulic dumper. The bins are mechanically moved by conveyor into an autoclave which treats
the waste under timed, stcam conditions designed to completely disinfect all materials. After
completing the treatment cycle, the bins are mechanically moved to a hydraulic dumper which
dumps the waste into a hydraulic compaction unit which is attached to a compaction trailer into
which the waste is pushed. Upon filling, the treated waste is hauled to a private landfill

This facility used a combination of generally good engineering controls on equipment with
heavy reliance on worker training and personal protective equipment for worker protection.
Management is very proactive in their attempts to identify and train workers in proper techniques
for personal protection and had excellent training resources and manuals available. A strong
emphasis on good housekeeping was noted throughout the facility. There were some structural
deficiencies in parts of the facility and with equipment. Electrical safety hazards included frayed
cords and the use of extension cords as permanent wiring. The many intensive manual material
handling steps combined with unsafe acts were the principal sources of worker exposure to
hazards. Unsafe acts included standing under elevated tubs and picking up unknown materials by
hand. The written compliance programs and program administration were excellent but there are
several areas recommended for improvement. The sequential job safety analysis of the primary
jobs found the major personnel exposure hazards to be from the manual material handling found
in virtually all tasks. The variability in job performance and variable use of personal protective
equipment by different workers contributed to the overall worker exposure to hazards.

Drains should be installed for the tub washers. The usage of the pole to remove waste
from the bin loader should be rethought due to the potential for blood to run down the pole onto
the worker or to contaminate the control area. It should not be used, then stored near the
workers. A stand for the pole could be set up outside the worker shield. This stand and the pole
could be disinfected at regular intervals such as when the floor is cleaned, to reduce contamination
transfer to the worker. Also, redesigning the pole to prevent liquid from reaching the worker as
suggested by the corporate toxicologist and engineer would be helpful.

Several VOCs were observed at the facility, but no OSHA permissible exposure limits
(PELs) or ACGIH threshold limit values (TLVs) were exceeded. The highest concentration VOC
for the three locations within the facility was 2-propanol at 643, 556, and 589 ug/m®. No chlorine
was detected at either side of the small bin washer or at either side of the large container washer.
No hydrochloric acid was detected at the small bin washer or at the large container washer.

The aldehyde results indicated concentrations of formaldehyde in the range of 0.08 to 0.18
mg/m’ as compared to the OSHA PEL of 0.94 mg/m’ and the ACGIH TLV of 0.37 mg/m’
(ceiling limit). Acetaldehyde and acetone were also observed but at concentrations of nominally
0.07 mg/m’, several orders of magnitude lower than the respective PELs of 360 and 2400 mg/m’.
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The results of the metals sampling indicate minimal levels (most are less than the detection
limits), of the following metals, Be, Al, Cr, Mn, Fe, Co, Ni, Zn, Cu, As, Se, Ag, Cd, Sb, Ba, T],
Pb and Hg.

The indoor air quality evaluation for temperature, humidity, carbon dioxide (CO,), and
carbon monoxide (CO) indicated adequate indoor air during the sampling period.

The noise survey demonstrated that noise levels ranged from 69 to 100 dBA in the process
area and from 44 to 53 dBA in the office area. The sources of the loudest noise in the process
area include the mechanical shaking the drums at the compactor, venting/ramping of the
autoclave steam, rolling bins off of trucks, the entrance to the container washer, and the radio
located near the loading dock. While the area noise survey demonstrated that the potential to
exceed the OSHA Permissable Exposure Limit (PEL) of 90 dBA exists, the data is inconclusive
since it was only a survey and not a measurement of an 8 hour time weighted average noise
exposure. Most of the noise is intermittent and scattered at various locations throughout the plant
floor.

The ergonomics survey showed workers involved in lifting, lowering and twisting of the
torso during the manipulation of the bins. The potential for injury is strong in spite of the
employees wearing back braces. The company has addressed the potential musculoskeletal
disorders problems by having workers change tasks every two hours.

The airflow measurements showed sufficient air circulating in the facility, but were
extremely variable due to the wind gusts making air exchange rate calculation meaningless. None
of the aerosol measurements exceeded the ACGIH TWA of 10 mg/m® for particulates not
otherwise classified. All measurements were below 1.0 mg/m’ except those attributable directly
to the steam plume.

Assessment of the blood contamination of surfaces and materials in the processing area
included visual inspection for visible blood on surfaces and the collection of wipe samples for
hemoglobin detection. These were carried out throughout the processing area. Positive samples
were primarily those associated with waste dumping and the waste dumping area. Most samples
collected from the control panel area were negative, presumably because that area is protected by
splash shields and workers usually removed their gloves prior to touching controls. Three of four
samples collected at the waste compactor were positive for residual hemoglobin. This is
consistent with the knowledge that not all hemoglobin is broken down in the autoclave process,
and that non-infectious blood residues can be expected to accumulate in the compaction area.
Control samples collected from surfaces in the maintenance area were negative as expected.
Thus, the tub dumping area is the most contaminated and provides the greatest potential for
worker exposure to bloodborne pathogens. Both automatic and manual tub dumping result in the
splatter and splash of liquids from untreated, regulated medical waste. Recommendations to
reduce this type of exposure include providing adequate splash protection especially personal
protective equipment including enforcement of the use of face shields and establishment and
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enforcement of a uniform policy on the use of gloves especially when working on the control
panel.

It was recommended that Phase 2 monitoring focus on assessment of workers' exposure to
blood and body fluid splashes using personal sampling techniques.

The assessment of surface microbial contamination with Staphylococcus aureus and
Escherichia coli was conducted primarily in the tub dumping area, the control panel area, and on
personal protective equipment. Control surfaces from a rest room in the administrative section
were also sampled. No S. aureus was isolated from any sample, and only one sample was positive
for E. coli. Not finding the two potentially harmful bacteria indicates that the inactivation of
some human pathogens in medical waste begins to occur rapidly after waste generation due to
adverse environmental conditions relative to temperature, moisture, and nutrients that were
encountered during storage and transport. While this can be the situation for some vegetative
bacterial pathogens, such results are not necessarily indicative of the absence of more
environmentally resistant and virulent pathogens.

Thus the site was found to have proactive management in many areas. The major hazards

found were safety and ergonomics issues and the potential for exposure to blood from the
untreated waste.
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APPENDIX B.

MICROWAVE MWTF SCREENING REPORT

B.1 INTRODUCTION

This report describes a single technology of a multiple technology multiple phase study.
The first phase assessment of a microwave facility is presented. Discussion of other technologies
are presented as separate reports that will be combined for a final, overall, contract report.

The Medical Waste Tracking Act (MWTA) of 1988 defined medical waste as "...any solid
waste which is generated in the diagnosis, treatment, or immunization of human beings or animals
in research pertaining thereto, or in the production or testing of biologicals...". It categorized
potentially infectious or "regulated medical waste" into seven types: culture and stocks;
pathological wastes; human blood and blood products; sharps; animal waste; isolation wastes; and
unused sharps. Treatment was defined as "any method, technique, or process designed to change
the biological character or composition of any regulated medical waste so as to reduce or
eliminate its potential for causing disease." The MWTA also had a destruction requirement that
regulated medical waste be "ruined, torn apart, or mutilated,” so as to be unrecognizable and non-
reusable. Many of today's available technologies employ destruction as part of the treatment
process.

This year more than 500,000 tons of medical waste will be processed in the United States
prior to its ultimate disposal. Waste processing will be carried out at various "off-site”
commercial treatment facilities, or "on-site” at health care facilities, laboratories, or industrial
operations where the waste is generated. As the waste is transported, unloaded, treated, and
disposed of, workers can be exposed to a variety of potentially hazardous medical waste
components and treatment residues, to include biological and nonbiological aerosols, infectious
agents, toxic chemicals, and radioactive materials. They may also be at risk regarding a number
of safety related concerns including: injuries, noise, nonionizing radiation exposure, and duties and
equipment having poor ergonomics. At the present time there is a significant lack of information
on the identification, evaluation, and control of hazards associated with the treatment of medical
waste.

A recent survey identified 114 commercial medical waste treatment facilities throughout
the 50 states (Malloy, 1995). On average, such facilities operate two to three work shifts and
process up to 100 tons of medical waste each day. It is estimated that the total number of medical
waste treatment workers in the United States easily exceeds 10,000. Thus, the CDC determined
that basic information on the current practices in MWTF should be collected.

B-1



B.1.1 Project Overview

The scope of the overall project encompasses all currently-available medical waste .
treatment technologies, with emphasis on the identification, evaluation, and control of all hazards
associated with at least three different treatment systems. Hazards may include, but are not
limited to: aerosols (biological and nonbiological), organic vapors, vapors and gases of biocidal
agents, nonionizing radiation, materials handling, and safety issues (sharps, ergonomics, etc.).

The project tasks can be broken down into 4 categories: 1) conducting literature and field
studies necessary to identify all currently-available disinfection systems for infectious waste. 2) to
recommend three technologies and associated sites for field evaluation; 3) conducting on-site
field studies to assess worker exposures to the identified hazards using conventional and novel
industrial hygiene methodologies, contained in the detailed study plan and experimental design,
evaluate facility engineering controls for worker protection; and 4) providing a detailed and
comprehensive final report. The final report will contain descriptions of all investigated treatment
technologies, sampling and analytical methods, facility health and safety evaluations, data analyses
and risk assessments, evaluation of engineering controls, discussion of results, recommendations
to reduce worker exposures, and conclusions.

This research has several purposes, all of which are related to a better understanding of the
medical waste treatment occupation, and its potential health and safety hazards. The study
included the accumulation of a significant base of knowledge relevant to hazards identification,
potential routes of exposure, evaluation (sampling and analysis), risk assessment, and prevention
and control. The information collected was specific to the sites tested and the workers’
environments; thus, the data reflect a combination of the facility practices and the technology
used.

For the requisite field evaluations, two phases were planned. Each Phase 1 visit included
an industrial hygiene survey and safety assessment for identification of occupational hazards
(chemical and physical), potential treatment system emission points, and engineering controls;
Phase 2 visits evaluate hazard exposures by conducting comprehensive personnel and area
sampling and analyses (as indicated by Phase 1 results) using conventional and novel industrial
hygiene practices for organic vapors, mercury, metals, bioaerosols, biological surface
contamination, non-ionizing radiation, noise, particles, air quality factors, and evaluated the
effectiveness of engineering controls to protect the workers.

B.1.2 Technology Overview

Traditionally, incineration has been a method of treatment and destruction of hazardous
chemical waste, municipal solid waste, and pathological waste. It was logical that incineration
would be used when concern regarding infectious disease agents such as the AIDS and hepatitis B
viruses prompted the treatment of all medical waste and hence a new industry. Over the past
several years however, environmental pollution concerns have fostered the development of a
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variety of medical waste technologies that are presently regarded as viable alternatives to
incineration. Such technologies include steam autoclave, microwave, pyrolysis and
mechanical/chemical disinfection. This report focuses on a microwave facility.

Microwave treatment uses nonionizing radiation to heat medical waste for the thermal
inactivation of infectious agents. Typically, waste is fed by continuous batch mode into a grinding
chamber where it is sprayed with steam and mechanically destroyed to render it unrecognizable.
The waste is treated with additional steam as it slowly moves via a transport auger under a series
of microwave units. The internal temperature of the waste is maintained at >95°C. Following
microwave exposure, the treated waste is conveyed via an auger tube to a dumpster or
compactor. The systems are designed to treat medical waste at rates ranging from about 220 to
900 Ibs/hr.

Concern for medical waste treatment workers comes from the unique character of the
waste material and varying treatment technologies. Medical waste contains numerous chemicals
that are themselves hazardous to worker health, and the MWTF technologies have the potential to
generate others. Emissions from incineration have been extensively studied (US EPA, 1991).
Little has been done however to characterize the environmental emissions from alternative
technologies. Several types of health hazards are of particular concern in this respect: infectious
agents (blood-borne pathogens and others); hazardous drugs and chemicals; and non-ionizing
radioactivity. Routes of exposure can include skin, mucous membranes, inhalation, and ingestion;
with hazards present or generated during treatment as aerosols, particulates, fluids, and sharps.
The nature of the MWTF technologies can generate concerns, such as exposure to non-ionizing
radiation. Other concerns include safety hazards and risks of injury related to lifting, moving,
slips, falls, machine guarding, and electrical problems. While significant hazard information and

- statistics are available for "health care workers," medical waste handlers and treatment workers
have not been included in the data gathering. It is prudent to assume that medical waste workers
are at risk for the same occupational illnesses and injuries as health care workers.

B.1.3 Methodology Overview

Phase 1 of this project focused pnmanly on emissions, safety, controls, and biohazards. It
consisted of the following:

an industrial hygiene survey,

a comprehensive safety assessment,
identification of potential emission points from the treatment system or process,
area sampling for identification of target volatile organic compounds (VOCs),
area sampling for airborne metals,

area sampling for aldehydes,

noise and nonionizing radiation measurements,

identification and assessment of existing engineering controls,

preliminary respirable aerosol assessment,
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) the assessment of blood on surfaces, and
° the assessment of microbial surface contamination.

Each of these assessment areas are discussed in detail later in this report. Details of the
specific methodologies used are addressed in Appendices E-P. This Phase 1 survey was carried
out by a field team of five people: a certified industrial hygienist (CIH), a certified safety
professional (CSP), an experienced microbiologist, an engineer, and an environmental field
sampling specialist. Phase 1 survey did not attempt to determine if the technology was efficiently
treating the waste. This assessment examined worker exposures due to the environment at the
individual facility due to the technology, the work procedures including the handling of the waste,
and the facility itself. It is important to note that the effect on the individual worker’s
environment of safety features and dangers inherent in each technology is dependent on the use of
the equipment in a given facility, the care given to following the manufacturers established
procedures, the design of the facility (especially as regards to waste handling and ventilation), and
the individual worker’s adherence to the procedures at the given facility (for example, use of
provided personal protective equipment).

The industrial hygiene and safety assessment surveys observed the waste treatment
workflow and process, initially identify the potential hazards and routes of exposure unique to the
waste treatment technology/facility; secure floor plans, engineering control diagrams, and written
safety policy; define work shifts and worker populations; examine policy related to health
promotion (e.g. hepatitis B vaccine, TB testing); describe potential routes of exposure relative to
specific job assignments, identify chemical compounds used or stored in the facility; identify
potentially unsafe procedures, practices or conditions, addressing all safety concerns, including
machine guarding, slips and falls, and ergonomics; and identify training and personal protection
devices currently used.

The samples for Phase 1 included for air emissions: VOCs, metals, mercury, aldehydes,
ketones, and particles; and surface contamination from blood or microbial. Noise and nonionizing
radiation were also measured.

Potential chemical and biological emission points were identified to ensure that subsequent
sampling was properly targeted. The identification was performed by visual inspection and facility
usage, as appropriate. The results of this screening were be used to identify areas and personnel
on which to concentrate additional sampling. N

Ventilation and HVAC control devices as applicable to the facilities air supply were
investigated. Measurements of airflow were taken. The airflow measurements were used to
determine if sufficient air is entering the facility based on the ASHRAE standard for indoor
ventilation requirements. An attempt was made to determine if contaminated air from the disposal
facility is being vented to any other indoor location (such as entering the return air to a main air
distribution location). Control devices that could create hazards of themselves were investigated
in conjunction with the hazard identification. The evaluation of other engineering controls such as
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machine guarding, handrails, lifting assistance, noise control, and workplace ergonomics were
included.

Phase 1 included aerosol measurements to provide a concentration profile for the room.
The aerosol monitor was used to measure concentrations near each identified potential emission
point and in several locations throughout the room. The concentration in the incoming outdoor
air and the office air were determined.’

Surface blood contamination is also an important consideration in medical waste
treatment. Treatment system surfaces with which workers may come in contact were monitored
each day for blood contamination by a wiping procedure using sterile gauze. The gauze was then
eluted with sterile water and the eluate was tested for blood using the Hemastix detection method.

The risk of medical waste treatment workers to dermal contact with infectious disease
agents were assessed by sampling and analysis of treatment system surfaces for human pathogen
indicator organisms. Suspect surface areas were evaluated by sampling and analysis for two
strains of vegetative bacteria associated with human infection and/or contamination,
Staphylococcus aureus and Escherichia coli.

B.2 GENERAL SAFETY EVALUATION
B.2.1 Summary

The microwave facility, shown in Figure B-1, is located on flat terrain, in an area with
many light industrial buildings. This facility is located in a light industrial building essentially built
of concrete block with steel rafter/supports and a lightweight, corrugated roof. It is
approximately 60 feet x 110 feet x 24 feet in height. Approximately 1/3 of the building was used
for two floors of offices which were divided from the plant side by a floor to ceiling wall. The
plant side had free space from floor to ceiling. One section approximately 24 feet x 24 feet had
been created with permanent block walls and housed one microwave treatment unit. Another unit
was in the larger, open section of the plant which served as the unloading/staging/cleaning area
for the medical waste containers. A microwave unit is shown in Figure B-2. The plant side was
protected by a charged water sprinkler system with sprinkler riser controls inside and Fire
Department Connection (FDC) outside. The office side had no sprinklers. Occupancy was
around 6 in the offices and 3-6 in the plant at any given time. _

Untreated medical waste is placed in "red” plastic bags or sharps containers by the
microwave facility customers and the bags are placed in 48 gallon rigid plastic containers that
generally weigh between 25 and 47 pounds. Smaller, 28 gallon, containers weighing 16-20
pounds may also be used, but none were seen by the assessment team. The sharps containers
were normally segregated and handled separately from the plastic containers. The microwave
facility drivers manually load the containers into microwave facility owned/operated trucks and
bring them to the facility. The containers are manually pulled to a lift gate on the truck, off
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Figure B-2.
Schematic of Microwave Unit
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loaded, and manually stacked up to 3 high using no mechanical aids. After weighing, the
containers are manually dumped into a large bin attached to one of the microwave units. The
process cycle is machine controlled with limited worker action. Upon signal from the microwave
unit, a worker manually initiates a control on the unit which activates a lift mechanism. The large
cover on the hopper is automatically opened, the lift elevates the bin approximately 12 feet and,
then, tips the bin. Once the medical waste has dropped in the hopper, the lid closes over the
hopper, and the bin is lowered to ground level.

An automatic grinding cycle commences in which the waste is ground up to material less
than approximately 0.5 inch wide. During treatment, the waste is augured up a closed, inclined
tube. The tube has six (6) microwave units mounted on top and several ports allow steam
injection. The microwave units heat the steam and waste as it travels through the auger. The
treated waste product is gravity-dropped into a dumpster located on the outside of the building.
An attached hydraulic ram periodically compacts the waste into the dumpster. When full, a
contractor hauls the dumpster to the city landfill to be emptied.

A general safety review of the facility was conducted, including material control and
engineering controls for worker protection, review of the general safety training and compliance
programs, and conducting a sequential job safety analysis of the primary jobs.

The microwave facility physical plant had some inherent hazards needing attention as well
as the need for establishment of certain routine preventive procedures. The primary treatment
units were commercially produced and had several inherent hazards needing attention. A large
component of the material handling was manual, without aids. The primary worker exposure
hazard was to liquid exposure during bin loading, bin dumping, and container cleaning. Back and
muscle strain exposure hazards were noted during the truck loading/unloading, pulling, stacking,
and dumping of the containers. Puncture hazards were found from waste dumped into the hopper
rolling off the top of the unit to the worker standing at the unit control] location and from workers
pushing red bags in the bin to more efficiently load the bin.

Management was very interested and proactive in providing workers with training of many
types and providing protective equipment. The microwave facility had an active safety
committee. Written programs and documentation were good. A strong emphasis on good
housekeeping in the active work area was evident, but needed improvement in several areas.

A detailed listing of findings is attached along with numbered photographs with
corresponding narrative. This review was as "global” as possible to include items found in OSHA
regulations, fire and electrical codes, and good practices. A separate ventilation engineering,
industrial hygiene and blood/microorganism/environmental contamination review was conducted
by others on the project team.
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B.2.2 General Facility Review

Sionificant Positi

Proactive management.

Located in an industrial area, no residential, school, or other non-industrial neighbors
within immediate vicinity.

Good fire protection.
L Sprinkler system in plant.
L City fire hydrant directly across the street.

Approved, fixed ladder access to roof.

Overall, plant and offices well maintained.

Sienificant Negativ
Electrical safety program needs attention:

° Electrical panel room (office side) is badly cluttered making panel access very
difficult. A 36" clearance in front of all panels was not found.

. Circuits in several electrical panels in the office area were not identified. In the
plant the panel near the safety station has worn/faded labeling.
° It was not clear that Ground Fault Circuit Interrupt (GFCI) protection is provided

in some areas where needed e.g. receptacles - plant side - wash area; kitchen -
office side - 2nd floor. If testing reveals lack of GFCI protection, it should be
provided for all receptacles within six (6) feet of a water source and any exterior

receptacle.
° Missing receptacle cover plate in Unit 1.
° Motor/grinder electrical box, Unit 1, protected by duct tape.
[ Worn wiring on cord - housing entrance - portable air compressor.

Egress issues which need attention:

° No egress diagrams for the facility were found. They are typically posted in
prominent locations easily found/seen by visitors.

° Proper designation of exits was needed. All EXIT doors must swing QUT when
exiting the area.

° Exit doors may NOT be locked on the inside. All occupants must be able to exit
using a SINGLE motion to unlock & open exit door. The main door (plant side)
leading to the offices was designated as an exit. It pulled IN and it was capable of
being key locked.



Exit doors may never be blocked. A pallet jack blocked the opening of the door at
the base of the stairwell. e.g. paint, on asphalt, yellow zone approximately 4 foot
square outside the door discharging from stairwell and allow no placement of
materials in this zone.

No emergency egress lighting (in case of power failure) was found. Coasider
installation of hard wired EXIT lights above designated exits. Note - EXIT lights
with battery backup will give emergency lighting; alternatively flashlights/lights
that plug into receptacles and activate on power failure are available.

Periodic (at least annual) emergency drills should be conducted.

Clear, unobstructed, designated, aisleways in the plant were not observed. e.g.
paint lines on plant floor 3 feet apart leading to EXIT door(s). Aow no
placement of materials in these zones.

Fall Protection:

Fall protection is needed above both Unit 1 and Unit 2 that meets 29 CFR 1926
Subpart M, Appendix E. Note: While 29 CFR 1926 Subpart M is a construction
industry standard, it gives guidance on methods to prevent falls from >6 feet e.g.
using guardrails (with toeboard - to prevent falling objects).

Cross-Contamination:

° The workers did not have a means to quickly remove potentially contaminated
work/protective clothing and take food/water breaks i.e. move from a "potentially
contaminated (dirty) area" to an "uncontaminated (clean) area."”

° Drinking water and a soda machine were within the plant area adjacent to
incoming waste and subject to cross-contamination. There was evidence of
smoking/drinking in the active waste area (i.e. cigarette and bottle debris on top of
Unit 2).

° The workers did not have easy access to the existing shower for emergency
washdown due to material storage in front of the door.

° Workers wear potentially contaminated clothing home.

Fire Safety:

° A large rock was adjacent to the fire hydrant which could inhibit firefighters free
and quick access to the hydrant. [Note: This is a city versus. microwave facility
issue but does affect the microwave facility.]

° The curbing 3 feet to either side of the fire hydrant was not painted yellow to
visually remind drivers not to park near the hydrant. [See note above.]

°

A 3 foot zone (painted or striped red) around the fire sprinkler riser, would remind
staff to avoid placement of materials within this zone.
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A Sign reading "FDC" was not mounted above the Fire Department Connection on
the outside of the building.

The fire hose needs to be pressure tested; re-rolling into a coil will help prevent
cracking at the folds. Hose testing is required every 2 years under some fire codes.
The sprinkler head that is adjacent to the "swamp cooler” unit discharge in the
loading/unloading ceiling area is partially blocked by duct work.

The 10 pound fire extinguisher at the safety station is mounted very high and is not
easy to procure.

Microwave Unit Safety

Miscellaneous Safety Items:

Unit 1 and Unit 2

- The location of the control panel does not allow workers to be away from
the area most likely to have liquid spills or falling material. A small canopy
above the control station could protect the operator from
drips/splashes/falling materials. Also, a toeboard at the top of the unit
would assist in controlling spills or falling material.

- There were two unguarded shafts on each unit: one at the auger base and
one by the grinder.

Unit 1

- The guard that covers a fan on microwave #2 (from base) was loose,
exposing the fan.

- The exhaust filtration and discharge system on Unit 1 was not working
properly as discussed in B.6.2.

Access to the top on Unit 1 and Unit 2 was by ladder. Carrying items while

climbing the ladder is hazardous. Moveable stairs, with siderails, to gain access

the top of each unit would eliminate this hazard e.g. one set of metal stairs, with

siderails, on rollers, could serve both units and eliminate use of ladder and

stepladder plus aide in carrying of tools and materials on and off the top of the

unit.

Radiation

- The non-ionizing microwave meters/detectors and the ionizing
meter/crystal detector needed calibration. All units were beyond calibrate
date due; 2 units were inoperable.

Signage

- The existing informational signage is not consistent with practices
observed. e.g. "No food, beverages or smoking beyond this point,” yet
water and soda machine within the area and consumption allowed.

Housekeeping

- Access to the shower room was blocked.
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® Eyewash stations
- An established zone to be kept clear around each eyewash station was not
present e.g. a 2 foot square (green) area on floor and with no allowed
placement of materials in this area.
® Truck (Isuzu, License Plate 4PM-644)
- An empty bottle of absorbent was in the safety supplies.

Environmental Safety Issues:

° It has been confirmed that the microwave facility does not produce hazardous
wastes or radioactive wastes. Therefore, no EPA identification number or NRC
license is required.

L The author confirmed that the microwave facility does not possess quantities of
hazardous materials above the EPA Threshold Planning Quantity (TPQ)" [Note:
No hazardous materials were found exceeding EPA "Release Quantities (RQ)"
either.]. Therefore, no annual reporting or emergency release notification is
needed.

® A neighbor industry located behind the microwave facility has placed a large
(approximately S000 gallon) diesel fuel tank about 30 feet from the fence behind
the microwave facility plant. The fuel tank does NOT appear to have secondary
containment, but does have concrete barricades surrounding it. Rupture of the fuel
tank, fuel overflowing during re-fueling, or similar scenarios would be likely to
cause environmental pollution to the microwave facility property.

B.2.3 Training Programs and Documentation

Note: These observations are based on review of the personal training records and other
information provided by the plant manager.

ificant itivi

The company has an active company safety committee.
Excellent written programs are in place for:
® Bloodborne Pathogens
L Hazard Communication
e  Contingency Planning
Excellent and active training is given for all workers in essentially all OSHA required
areas.
Employee training records are also kept.
There is a strong emphasis on not touching the waste.
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t v
No written respirator protection program was available.

Other Issues

e It was not determined if plant workers routinely participate on the safety
committee. Recommended practice is to have rcpresemanve workers rotate onto
the committee.

o The "Disposal Services Agreement, Section 2.1," did not specifically EXCLUDE

RADIOACTIVE WASTE, AS DEFINED BY THE NUCLEAR REGULATORY COMMISSION.
An audit program (e.g. semiannually) to check incoming waste for radioactive

content was not in place.

e The job duties listed in the "task assessments” did not include specific reference to
the actual weights a worker must be able to lift/manipulate.

° The emergency plan was not tabbed, by connngcncy, to assist rapid location of the
sequence to follow.

° The emergency plan did not designate that all workers are to fight only incipient
fires, not structural fires since microwave facility does not have a fire brigade, with
equipment, training, and documentation.

B.2.4 Job Safety Analysis
k: i ck
Primary Hazard - muscle pulls/strain

Personal Protective Equipment (PPE) Used - Long sleeve shirts, pants, steel toed shoes,
latex and leather gloves, safety glasses

PPE Present, Use not observed - A Wilson half face respirator with cartridges for
formaldehyde, chlorine, hydrochloric acid, sulfur dioxide and hydrogen sulfide; 3M
8500 Comfort Masks and Aseptex 1800 Fluid Resistant Molded Surgical Masks
were observed in a cabinet.

Safety Aids - None
Suggested Changes - explore use of mechanical or other devices to assist workers.

- stack containers only 2 high
- move with cart/dolly to minimize pulling
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k: i icrowav it Bi i T
Primary Hazard - exposure to splashes/drips/falling material

Personal Protective Equipment (PPE) Used - Long sleeve shirts, pants, steel toed shoes,
gloves, safety glasses

Safety Aids - None

Suggested Changes - Protect personal clothing from work clothing ie.
wearoveralls/disposable Tyvek®; leave workshoes at work or
cover with booties.

NOTE: Worker exposure to falling debris and liquids during the
bin dumping should be eliminated or further minimized.
Potential actions:

¢} Move control panel to opposite end of unit to physically
remove the worker from the hazard.

) Addition of a protective canopy installed over the
control station.

3) Install a toeboard along top of each unit (as part of Fall
Protection Guardrails) to help prevent objects/liquids
from falling onto worker.

4) Wear protective headwear and faceshield e.g. hardhat
with attached faceshield or a personal air purified

respirator (PAPR).
- Strict adherence to non-handling/touching of the red bags/
medical waste.
Task: Washing Containers
Primary Hazard - - Worker exposure to splashes of residual liquid from container onto

face or other exposed parts of body while washing/rinsing
containers and lids.

Personal Protective Equipment (PPE) Used - Long sleeve shirts, pants, steel toed shoes,
gloves, safety glasses
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Safety Aids - None

Suggested Changes - Personal protective outerwear.
- Hard hat with face shield or PAPR use.

B.2.5 Additional Concern
Transportation Safety

®  Areview of the container labeling found no use of the "Infectious Substance” or
"Biohazard" labels on the containers. It appears that the exemption provision noted
on p. 48787 of Federal Register, Volume 60, Number 182 [September 20, 1995] and
U.S. Department of Transportation Exemption "DOT-E 11588 (First Revision)"
{April 9, 1996}, which specifically names microwave facility, are used to meet
marking requirements. Per Item 10 of the DOT exemption, a copy of the exemption
letter should be carried in each microwave facility vehicle.

B.3 EMISSION POINT IDENTIFICATION

During the initial visit to the microwave facility potential chemical and biological emission
points within the facility were identified to allow for subsequent, properly targeted, sampling. The
identified potential emission sites for the facility included the microwaves, the exhaust stream, the
loading doors especially when venting, the tub washing areas, and the unloading areas. The
emission points were the basis for the choices of sample sites.

B.4 CHEMICAL MEASUREMENT RESULTS

The medical waste as received is not chemically treated. The waste itself may contain any
number of chemicals, most probably volatile metals such as mercury, volatile organic compounds,
or aldehydes such as formaldehyde. The facility uses miscellaneous chemicals including mineral
spirits, 2-butoxyethanol, Betco disinfectant, Zeposcetor (pyrethin/pipernyl butoxide insectacide),
phosphoric acid, aliphatic naptha, ZEP-Amine A (ethanol and ammonium chlorides), acetylene,
oxygen and nitrous oxide.

B.4.1 Volatile Organic Compounds

Volatile organic compounds (VOCs) were collected by passing air through multisorbent
cartridges containing Tenax TA, charcoal, and ambersorb (200 mm x 6 mm o.d., Envirochem,
Kimblesville, PA). For analysis, VOCs on exposed cartridges were thermally desorbed then
analyzed by gas chromatography/mass spectrometry (GC/MS). Identification of unknown sample
constituents was performed using an electronic search of the NIH/EPA/MSDC Mass Spectral
Data Base (NIST library) and the Registry of Mass Spectral Library (Wiley Library). Manual
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review of the data was performed to verify computer identifications and to identify compounds
not found using the computer literature search. A semiquantitative estimate of the identified
compounds was made using the total ion peak area for each compound and the total ion response
factor measured for toluene. A concentration estimate for total volatile organic compounds was

made using the same approach. Example VOCs that are amenable to analysis by the multisorbant
method are shown in Table B-1.

Samples for VOCs were collected at a flow rate of nominally 15 cc/min for 5 houfs in the
bin wash area workbench, over Microwave Unit No. 1 and over Microwave Unit No. 2.

Several VOCs were observed at the facility. They are listed in Tables B-2 to B-5 and
Figures B-3 to B-6. The concentrations given are based upon the formula weight of toluene, and
only those VOCs in excess of 0.05 mg/m® are reported. The total VOC content will comprise
both those from the waste stream and from truck exhaust from the trucks unloading at the facility.
No OSHA permissible exposure limits (PELs) nor ACGIH threshold limit values (TLVs) were
exceeded. Field control recoveries are shown in Table B-6.

B.4.2 Hydrochloric Acid and Chlorine

The microwave facility was not using chlorine-based biocides and was not tested for
hydrochloric acid or chlorine.

B.4.3 Aldehydes and Ketones

Formaldehyde is a contaminant that may be emitted during the treatment of medical waste.
Formaldehyde as well as other volatile aldehydes and ketones were screened for using a silica
geVDNPH-(2,4-dinitrophenylhydrazine) (Waters Assoc., Medfor, Ma) method (US EPA, 1988).
During sampling, aldehydes and ketones instantaneously react on the cartridge to form the DNPH
derivative. For analysis, the DNPH/aldehyde ketone derivatives were eluted from the cartridge
with acetonitrile. This extract was then analyzed by high performance liquid chromatography
(HPLC). Aldehydes and ketones were identified by comparison of their chromatographic
retention times with those of purified standards. Quantitation was accomplished by the external
standard method using calibration standards prepared in the range 0.02 to 15 ng/uL of the
DNPH/aldehyde derivatives. Standards were analyzed and a calibration curve calculated by linear
regression of the concentration and chromatographic data. A list of aldehydes and ketones
analyzed during Phase 1 screening are shown in Table B-7. -

Aldehydes were collected at a flow rate of nominally 120 cc/min for 7 hours near the bin
wash area workbench, over Microwave Unit No. 1, and over Microwave Unit No. 2.

The aldehyde results (Table B-8) indicated minimal concentrations ranging from 0.007
mg/m’ to 0.2 mg/m’; several orders of magnitude lower than the respective OSHA PELs.
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Table B-1. Example VOCs That Are Amenable to Analysis by the Multisorbent Method
—

1,2-Dichloropropane C,-Benzenes ‘Bromoform
1,1,2,2-Tetrachloroethane C,-Benzene Isopropanol
Dibromochloromethane Methylene Chloride Propanol
Bromodichloromethane Bromethane Butanol
cis-1,3-Dichloropropene Chloroethane Pentanol
1,1,2-Trichloroethane Chloromethane Benzene
1,1-Dichloroethane Chloroform Toluene
1,2-Dichloroethene (Total) Trichloroethene Acrolein
trans-1,3-Dichloropropene Chlorobenzene Acrylonitrile
1,2-Dichloroethane Ethyl Benzene Styrene
1,1,1-Trichloroethane Dichlorobenzenes Viny! Chloride
Carbon Tetrachloride 1-1-Dichloroethene Xylenes

Tetrachloroethene
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" Table B-2. VOC Results
Site 2 Microwave Unit No. 1

QUALITATIVE DENTIFICATION REPORT

RTUECD OS8
Time (min) Peak Keatifications) : ) _(sen
4,33 Mehase, dichlorodifluaro- . ”» 1]
62! Orybismethans ' © 3
€369 Acaionitrile ] =
6.72 Oxybismethane © 8.6
1.07 2-Propances o] 18]
1.12 Trichiorofluoromethane 7% 156
7.4-8.7 2-Propascl @ DI
832 Medhylens chloride © 67
9.10 2-Propesol, 2-methyl~ 7% X
1156 Acatic acid, echyt ester Ts <] 17
12.07 Fura, wtrabydro~- 2] 45
12.34 Eibase, 1,2-dickioro~ » v
15.10 Ethess, trichloro- % 32
15.50 Methyl methacrylats () 10
15.67 Hepase ” 2
1656 Pyridine 9 3
18.00 Benzese, mechyl- 2] »
21,85 Beazene, sthyl- X ] ., a
20.2¢ mip-Xyleos % (o]
2250 Cyelohexsncos 86 126
2239 Styrens ] 1
.11 eXylene 1 st
V.29 Edhasol, 2-butoxy- " 2
25.1! Terpens isomer (5] 41
29.70 Phesol » 9.3
27.65 Beazssemethancl » 7
210 1-Hazasol, 2~ethyt- » 1
2335 Terpens isomer (73] ”
28.33 Clf alkane © 34
2955 Naphchaleos, decakydro=, trans= n “
'37.85 Pbenol, 2,6-bis(1-methylethyl) ] (&)
Tetal Volatile Organic Hydrosarboas ({yr]

) Mu-maun@aum’mnc
Mass Spectral Data Base (NBS Lidrary) and the Registry of
Mass Spectral Dats (Wiley Libeary).

$) % Fit versus refersscs spectrs.

¢) Magual isterpretation.
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Figure B-3. YOC Results
Site 2 Microwave Unit No. 1
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“Table B-3. YOC Results
Site 2 Microwave Unit No. 2

QUALITATIVE IDENTIFICATION REPORT

XTVECD O6&0

Reieation Coscantraton

Tuos (min.) Pesk ldeotificetionls) )  (eg/m))
4.11 Methaoe, dichiorodifluoro- [1] 129
4.63 2-maidyl propass (e .
€38 Methans, oxybis- ) 108
6.43 i o st
6O b Q
7.07 Methans, trichlorofluoro~ e »
7.0 b, J 493
$.30 Methass, dichloro- % s
83! Carbos disulfide 2 23
11.49 Acatic scid, ethy! ester o 9.8
1796 Beazsse, methyl- 2] 2.7
k-Bt 2 23
.40 Cyclobexanoos Frl 2%
a0 ” X ]
3.25 Ethanol, 2-betory- Y 16
25.89 Pbesal " 26
Total Valstile Orgaaic Hydrocarboas 1510

8) Basad om aa alectronic database ssarch of the NIH/EPA/MSDC
Mass Spectral Dats Bass (NBS Lidrary) and the Ragiszry of
Mass Spectral Data (Wiley Libry). '

$) % Fit versus refersace spectnn.

s) Masua! iaterpretation.
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Figure B-4. YOC Results

- Site 2 Microwave Unit No. 2
%

File 232638 33.0-3%50.0 amu. ;{}’ECD 4dev

160000
120000 . )
‘OOOO
40000 .
: W, S

~ T " Y T 3 ‘W
0.0 1.0 2.0 3.0 ¢.0 8.0 6.0 7.0 8.0 9.0 20.0 311.0 12.0

100

13.0 14.0 15.0 36.0 17.0 18.0 29.0 20.0 21.0 22.0 23.0 24,08

24
1

20
16

12

230000
200000

135000¢

100000 t }ll

80000 Ry '

25.0 26.0 27.0 28.0 29.0 30.0 33.0 32.0 33.0 3¢.0 35,0 36.0 37.0

B-21



Table B-4. VOC Results
Site 2 Near Bin Wash Area

QUALITATIVE IDENTIFICATION REPORT

RTVECD &

Relecticn Cescastnitios

Ihl(ain.) Peak ldeatifeation(s) Fiud) (vwg/md)
4,16 Mehasa, dichlorodifluaro~ . 9 ) 149
6.3 Mothase, exybis- 60 2]
€630 Acsicaivils E L m
€.89 2-Propuscus 7 )
7.12 Methase, vichloroflucro- 3 (1]
7.93 2-Propasal K 1203
831 Mothase, dickloro- 14 1§
£33 Carbon Emifide % 6!
1152 Acatic scid, etbyl estar ] 9.7
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Figure B-S. VOC Results
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Table B-5. YOC Results
Site 2 Field Blank

QUALITATIVE IDENTIFICATION REPORT
r3-1 SITE-2

Rateation
Time (min.) Pesk ldeatiBeationls) Fud)

1259 Istarasl standard
21.53 laisrual stasdard

8) Basad ca aa electrogic databese saarch of the NTH/EPA/MSDC
Mass Spectrsl Dats Base (NBS Library) sad the Regisuy of
Mass Spectral Dats (Wilsy Libeary).

$) % Fit versus refersace spectra.

6) Masual interprstation.
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Figure B-6. YOC Results
Site 2 Field Blank
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Table B-6. Medical Waste

Field Control Recoveries VOC’s
Chloroform 107.3
Toluene 116.2
o-Xylene 106.8
Vinyl Chloride 88.8
Benzene 103.2
Trichloroethylene 103.1

Table B-7. Example Aldehydes and Ketones
Analyzed During Phase 1 Screening

Formaldehyde Acetaldehyde Acetone Acrolein

n-Propanal Crotonaldehyde n-Butanone n-Butanal
Benzaldehyde n-Pentanal n-Tolualdehyde n-Hexanal
—_
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Table B-8.

Results of Aldehyde Analysis
Sample ID Location Air Volume
4364 Microwave Unit No. 1 520L
4365 Microwave Unit 2 S04L
4366 Tub Wash Area 50.7L
4367 Tub Wash Area Duplicate S05L
FB-2 Field blank 00L

Concentrations Expressed in (ug/m°)

Solution
Field Control |  Blank

Compound % Recovery

Formaldehyde 93 <2.6 16 | 85 | 78 | 83 | <6
Acetaldehyde 100 Q.6 81 | 17 | 29 | 32 | <6
Acetone 119 <26 |23 59 | 14| 17| 38
Acrolein 0 <6 |<«26]| <26 ]| 26| 26| <26
Propionaldehyde 81 <2.6 61 | <26 | 26 | <26 | <.6
Crotonaldehyde 6 <2.6 Q6| 6 | 26 | <26 ]| <6
2-Butanone 230 <2.6 15 | 28 | 42 | 49 | <26
Methacrolein 44 26 |6 <26 | 26| <26] <26
Butyraldehyde 86 2.6 69 | @6 | 26| 26 | <6
Benzaldehyde 98 Q.6 50 | <6 | 26| 29 | <6
Valeraldehyde 81 .6 38| 26| 6] 21 | <6
m-Tolualdehyde 89 26 |<«ws| 26| 6| <26l <6
Hexanal 80 26 | s9|l<a6]| 33| 31| «6
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B.4.4 Metals

The methodology used for metals sampling used EPA draft method 29 sampling train for
combustion source emissions (US EPA, 1986). The sample system incorporates a glass fiber filter
followed by two (2) impingers containing acidified peroxide solution for collection of aluminum
(Al), antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr),
cobalt (Co), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), labile mercury (Hg*?), nickel
(Ni), phosphorus (P), selenium (Se), silver (Ag), thallium (T1) and zinc (Zn). Following the
peroxide impingers were two impingers containing acidified potassium permanganate for the
collection of elemental mercury (Hg®). A miniaturized version of the sampling train that
incorporates midget impingers (1 - 2 L/min sampling rates) instead of the Greenburg/Smith
impingers (approximately 20 L/min) was used.

Metals were collected at a flow rate of nominally 1 L/min in the areas over Microwave Unit
No. 1 and Microwave Unit No. 2.

The measurement of these resulting samples included graphite furnace atomic absorption
(GFAA) for As, Sb, and Se, cold vapor atomic absorption (CVAA) for Hg and inductively
coupled plasma mass spectrometry (ICP/MS) (EPA Method 200.8) for Al, Sb, Ba, Be, Cd, Cr,
Co, Cu, Pb, Mn, Ni, Ag, Tl and Zn emission spectrometry for Al, Fe, Zn, P, and inductively
coupled plasma. These methods are described in both the NIOSH Manual of Analytical Methods
(NIOSH, 1994) and in EPA “Methods for Chemical Analysis of Water and Wastes” (EPA
600/479-020).

The results of the metals sampling (Tables B-9 through B-11) indicate minimal levels (most
are less than the detection limits), of the following metals: Be, Al, Cr, Mn, Fe, Co, Ni, Zn, Cu,
As, Se, Ag, Cd, Sb, Ba, T1, Pb and Hg. Quality control data for the metals testing is shown in
Table B-12.

B.4.5 Indoor Air Quality

The indoor air quality was evaluated from 4/10/ 96 to 4/11/96 using a Metrosonics Air
Quality Monitor AQ-501 (S/N 1613). The air was evaluated for temperature, humidity, carbon
dioxide (CO,), and carbon monoxide (CO). The results (Table B-13) indicate adequate indoor air
during the sampling period.

B.S NOISE, ERGONOMICS, AND RADIATION

B.5.1 Noise

A noise survey was conducted on 4/10/96 using a Quest Sound Level Meter (S/N
DL8110002) calibrated with a Quest Calibrator (S/N J8100013). The noise survey demonstrated
that noise levels ranged from 59 to 75 dBA in the process area and from 42 to 47 dBA in the
office area (Figure B-7). A Quest Noise Dosimeter (S/N HM 0010038A) was also used to collect
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Table B-9. Site 2

Metals Analysis (ug/m°)
Blank Corrected
Microwave Unit No. 1
4291 4292 4293
Impinger 2 | Impinger 3 | Impinger 4
0419 0419 0419
Be <0.07 <0.07 <0.07 <0.07 a a a
Al <7.2 <72 <72 <72 a a a
Cr <1.2 <12 <12 <12 a a a
Mn 0.32 0.06 294 325 a a a
Fe 76 126 <04 0.74 2 a a
Co <0.48 <048 <0.48 <0.48 a a a
Ni <0.24 <0.24 <0.24 <0.24 a a a
Zn 2.86 <l2 <1.2 <12 a a a
Cu 0.50 <0.07 <0.07 0.33 a a a
Cd <0.02 <0.02 <0.02 <0.02 a a a
Sb <0.02 <0.02 <0.02 <0.02 a a a
Ba 0.36 0.05 0.10 0.13 a a a
T <0.02 <0.02 <0.02 <0.02 a a a
Pb 0.12 <0.11 <0.11 0.12 a a a
Hg* 027 <0.05 <0.05 <0.05 a a a
Hg® b b b b 1.85 <0.03 - 0.63
As <0.12 <0.12 <0.12 <0.12 a a a
Se <0.12 <0.12 <0.12 <0.12 a a a
Ag <0.12 <0.12 <0.12 <0.12 a a a
P <119 <119 <119 <119 a a a
Impingers 4-6 analyzed only for Hg®

Prefilter and impingers 1-3 analyzed for Hg*?
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Table B-10. Site 2

Metals Analysis (ug/m®) Set 2
Blank Corrected
Microwave Unit No. 2
4298 4299 4300
Impinger 2 | Impinger 3 | Impinger 4
0410 0410 0410
Be <007 [|<0.07 <0.07 <0.07 a a a
Al <13 <13 <13 <13 a a a
Cr <122 <1.22 <1.22 <1.22 a a a
Mn 0.09 0.15 <0.07 0.53 a a a
Fe 6.4 288 0.39 0.76 Ja a a
Co <0.49 <0.49 <0.49 <0.49 a a a
Ni <0.24 <0.24 <0.24 - 1<0.24 a a a
Zn <122 <122 <122 <122 a a a
Cu 0.12 <0.07 <0.07 0.09 a a a
Cd <0.02 <0.02 <0.02 <0.02 a a a
Sb <0.02 <0.02 <0.02 <0.02 a a a
Ba 0.13 0.19 0.15 0.13 a a a
T <0.02 <0.02 <0.02 <0.02 a a a
<0.12 <0.12 <0.12 <0.12 a a a
Hg* <0.05 <0.05 <0.05 <0.05 a a a
Hg* b - Ib b b 0.69 <0.03 0.08
As 012 |<0n2 <0.12 <0.12 a 2 |a
Se <0.12 <0.12 <0.12 <0.12 a a a
Ag <0.12 <0.12 <0.12 <0.12 a a a
P <122 <122 <122 <122 a a . a
a.  Impingers 4-6 analyzed only for Hg®
b.  Prefilter and impingers 1-3 analyzed for Hg*?
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Table B-11. Site 2

Metals Analysis (Total ug)
Blank Data
RTI/ECD No.
Identifier
etals
Be <0.03 <0.03 a
Al <3.0 <30 a
G <0.5 <0.5 a
Mn <0.03 <0.03 a
Fe <0.5 0.83 a
Co <0.2 <0.2 a
Ni <0.1 <0.1 a
Zn <0.5 <0.5 a
Cu <0.03 0.053 a
Cd <0.01 <0.01 a
Sb <0.01 <0.01 a
Ba <0.03 <0.03 a
Tl <0.01 <0.01 a
Pb <0.05 <0.05 a
Hg*? <0.02 <0.02 a
Hg° b b 0.0102
As <0.05 <0.05 a
Se <0.05 <0.05 Y
Ag <0.05 <0.05 a
P <50 <5.0 a

a. Mercury impinger analyzed only for Hg®
b. Metals impinger analyzed for Hg*?
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Table B-12.
Quality Control For Metals
(Spike Recoveries)

Be 110 110 10.0 100
Al 1020 102 N/A -
Cr 86.5 86.5 9.88 98.8
Mn 90.0 90.0 10.1 101
Fe 992 99.2 21.4 85.6
Co 64.0 64.0 9.4 94.0
Ni 440. 88. 10.1 101.
Zn 101 101. 434 86.8
Cu 96.2 96.2 25.2 101.
cd 101 101 9.52 95.2
Sb 4.74 94.8 N/A .
Ba 102 102. 9.7 97.0
Tl 485 97.0 9.42 94.2
Pb 346 69.2 24.7 98.8
Hg N/A N/A -
As 52 104. 48.4 96.8
Se 4.85 97.0 25.0 -100.0
Ag N/A 44 88.0
P 488 97.6 N/A -
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Table B-13.
‘Indoor Air Quality

ample Dates 4/10/96 4/10/96 4/1096 4/10 to 4/11/96 4/11/96

ocation First Floor Sink Area | Bench Near | Weighing Area Outside First Floor
Office Area in Plant Container | Near Telephone | Background Behind
Near Copier Wash in Plant in Plant Reception

Desk

O, average 412 ppm 490 ppm 469 ppm 354 ppm 323 ppm 342 ppm
SHA PEL* 10,000 ppm | 10,000 ppm| 10,000 ppm 10,000 ppm 10,000 ppm 10,000
TI Suggested Limit 1,000 ppm" 1,000 ppm { 1,000 ppm 1,000 ppm 1,000 ppm ppm
1,000 ppm
O average 1 ppm 0 ppm 0 ppm 0 ppm 0 ppm 1 ppm
SHA PEL 35 ppm 35 ppm 35 ppm 35 ppm 35 ppm 35 ppm
*mp. average 70.8°F 74.6°F 71.8°F 64.2°F 61.5°F 73.4°F
minimum 68.9°F 69.1°F 75.5°F 55.1°F 60.8°F 63.3°F
maximum 76.7° 76.0°F 79.2°F 77.6°F 62.1°F 76.7°F
elative humidity
average 25.6% 233 % 18.5% 314% 29.5% 23.9%
minimum 21.7% 19.8% 12.7% 17.3% 22.5% 22.5%
maximum 27.4% 33.2% 26.5% 44.0% 30.5% 30.5%

)SHA PEL is the Occupational Safety and Health Administration Permissible Exposure Limit for an 8 hour

vorkday.

,000 ppm is the current limit adopted by the State of Washington.
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Figure B-7.
Noise Survey
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an eight hour time weighted average noise exposure for the plant area. The results from the noise
dosimeter (Table B-14) indicated an average noise level of 59.5 dBA in the plant. The noise
exposures were below the OSHA permissible exposure limit for noise of 90 dBA for an eight hour
exposure.

B.5.2 Ergonomic Issues

Ergonomics is the science of human motion. It can be evaluated by classic industrial
hygiene practices including recognition, evaluation and control. The purpose of an ergonomic
assessment is to prevent the occurrence of work related musculoskeletal disorders. Work related
musculoskeletal disorders are usually attributable to the following work practice which was
observed at the facility; "unassisted manual lifting and lowering of anything weighing more than
25 pounds more than once during the work shift."

Workers were observed removing bins (weighing nominally 40 pounds) from the top of a
stack of three, and dropping the bin down on the ground (to perform a sort of preliminary
compaction and remove any material stuck the bin lid). They then opened the lid and picked up
the red bags and placed them into a large waste bin. This process involved lifting, lowering and
twisting of the torso. The potential for injury is strong.

B.5.3 Microwave Radiation

A survey of the microwave units was conducted using a Narda Microlien Electromagnetic
Leakage Monitor Model 8210 (S/N 03012), calibrated by the manufacturer on 7/95. The survey
demonstrate a leak around the microwave closest to the shredder in unit number 2. The levels
exceeded 10 mW/cm?, and pegged the survey meter offscale. This was brought to the attention of
the operator who immediately tightened the unit and reduced the leakage to <0.1 mW/cm?.

It is noteworthy that the facility is supposed to check the microwave units daily. Two
microwave survey meters were observed; however, the meter located at unit no. 1 was out of
calibration (due 10/92) and had dead batteries while the meter at unit no. 2 was usable but the
calibration was past due 12/95.

B.6 ENGINEERING CONTROLS

The areas of emphasis of this section are ventilation and engineering controls. However,
much of the engineering control aspects of this inspection are covered in more depth in the safety
report. Relevant details about the plant are presented first followed by data, then
recommendations. ‘
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Table B-14.
Quest Noise Dosimeter
(Bench/Phone Area in Plant)

Sound Level 64.6 dBA

Maximum Level | 118.1 dBA

Average Level 59.5 dBA

% Dose 1.44

OL Time 0.00

Run Time 7 hr 54 min

B-36




B.6.1 Plant Description

The facility is approximately 60' x 75' including both microwaves and the loading area, but
not the offices. The plant ceiling is 24' high on average. Bathrooms and shower are available
directly off the plant floor. A drink machine and water fountain are Jocated next to the unloading
area for the untreated waste. The area outside the truck door is clear, partly rocky and partly
paved. The air supply to the offices is located outside at ground level near a no smoking sign.
Smokers do however congregate near this inlet in disregard for the sign.

The 2 days during which the Phase 1 assessment was performed were both very windy.
Most of the gusts were directed toward the facilities doorless side or toward the microwave
number 1 Jocation. Thus most of the naturally entering air came in through the door next to Unit
1 and exited through the loading door.

There are four "swamp coolers"” in the roof that can blow into the facility. These coolers
are used and intended solely for temperature control, not for ventilation. Operators choose .
whether to turn them on. The biggest fan has a thermostat control to prevent running too much
for economy sake. The ducting for the fans is located over the bins near the loading dock, over
the 2 units, and over the washer area. Thus the fans blow whatever gases or aerosol vents
upward from the units back into the breathing zone of the workers and into the plant in general.
There are plans to convert two of the vents to exhaust or to add exhaust ventilation to the existing
facility, pending the results of our survey. This plan should definitely take place. Since the
existing vents are directly over the units' exhausts, these should be used for the exhaust.
However, the temperature control provided by the swamp coolers may not be met and incoming
air may need to be provided elsewhere to meet that need. A hood above each units' exhaust
would assist in drawing the venting air toward the exhaust duct. However, the most important
aspect is that the microwave units exhaust should not be blown at the workers by the incoming
air.

The plant floor is slippery. There is a visibility problem when the workers are pushing tubs
three high, as shown when one investigator was almost run over by one worker who didn't see
her. The corners of the room are used for miscellaneous storage.

The basic procedure used to process the waste consists of: tubs are unloaded from the
truck, weighed and identified by scanner, moved to a waiting area near one of the microwave
units, moved up to dump, dumped, moved to washer, stacked into washer, unloaded and stacked
in the "clean area" and loaded back into trucks. This requires a lot of manual labor. However,
the tubs are self contained, the ones observed were dry on the outside, and didn't appear to be
hazardous other than the dangers inherent in tall stacks of fairly heavy containers. The stages
where the workers would be likely to be exposed begin once the lids are removed. The tubs are
usually simply picked up and dumped into the bin. However, some of the tubs come in with the
red plastic liner around the edges, instead of tied. The worker has to loosen the liner before
dumping. On occasion the worker picked up the bags to load into the bin. When the bins are
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dumped, the potential exists for a bag to fall off rather than into the microwave. A guard should
be in place to prevent the possibility that the bag could fall on a worker. Inspection of the top of
Unit 1 did show a loose syringe and other untreated waste that had fallen out during dumping. A
worker is scheduled to clean this area regularly but the hazards of dealing with loose medical
waste are much higher than when the waste is contained.

When the bins are lifted onto the washracks, much liquid can be poured out at or on the
worker, especially his feet, lower legs, and arms. The contamination hazard appears to be much
less when the workers load the tubs into the lower rack (which according to management is the

preferred level). However, the upper level was used by preference during the Phase 1 assessment
visit.

The microwave units have lights that blink when the machine is ready to vent, but a button
must be pushed before the venting occurs. This makes sure the worker(s) know that the machine
is about to open.

B.6.2 Exhaust Air Cleaners

Just before the microwave units open, the steam is pulled out of the unit and vented
through air cleaners to the outdoors. Unit 1's system was due to be overhauled shortly after the
Phase 1 visit, so some of the problems described below may have been addressed. The top of Unit
1 when the lid was open was 88" from the ceiling. In that position the top is 9'5" from the floor.
A rough schematic of the Unit 1 air cleaner system is shown in Figure B-8. Unit 1 had much
steamn venting when the lid opened due to malfunctions in the system. Before opening up the air
cleaner, the airflow through the circular 6" duct (at approximately 2.5 inches into the duct) was
400 fpm or approximately 80 cfm. Since the fan is rated at 750 cfm, this, in conjunction with the
large amount of steam venting when the machine was opened, indicated serious problems.

Examination of the Unit 1 air cleaner showed a number of problems. Initially air was
entering the pipe going to the fan through a hole in the pipe and a hole due to a dent at the
juncture of the box and pipe, as well as through the pipe. The gasket between the box containing
the filters and its cover had dropped down across the top so that there was no seal at the top of
the box. From the upper right hand looking down at the unit there was a visible gap of
approximately 1/4". There was a leak outward where the inlet pipe meets the box and a gap in
between the cover and the box at the bottom. The water drain had water in it. Also one section
of the drain tubing that was lying against some equipment below the air cleaner was black and
melting; the drain needs to be tied up or otherwise keep from hot surfaces.

After duct taping the holes in the system, the flow through the exhaust pipe increased to
330 fpm. When the screen in the hopper was cleaned, the flow pegged out the velocity meter at
2000 fpm both when the microwave unit was open and closed (indicating at least a 5 fold increase
in flow). Thus the screen should be cleaned regularly and the air cleaner housing should be fixed.
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Figure B-8.
Unit 1 Air Cleaner System
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The HEPA filter in Unit 1 was in backwards, resulting in no seal. It is recommended that
(in addition to facing the HEPA the correct way) additional gasketting material be added to
complete the seal as the filter didn't seal very well when installed in the right direction. Current
practice is to change the HEPA and prefilter when the pressure drop across the HEPA exceeds
the manufacturer’s recommendation. Once the HEPA is in correct position and is sealed in, this
monitoring will be possible. It should be noted that the monitoring gauge read no pressure drop
before the HEPA was turned around. A reading of zero pressure drop should be an indication of
a problem and workers should be notified of this. Zero pressure drop is not possible across a
properly installed filter in an active air flow. It is recommended that the prefilter be changed more
often than the HEPA in order to allow better air flow and probably extend the life of the HEPA.
A schedule based on replacing the prefilter twice as often as the HEPA seems reasonable as the
unit does not have a monitor for the prefilter's pressure drop. The best recommendation would be
to upgrade the Unit 1 air cleaner system to one similar to the Unit 2 system. It is recommend that
the velocity tap in the exit duct be located away from the water tap.

The air cleaner on Unit 2 was in good condition and appeared to be operating well. This
unit has a carbon filter to remove odors from the vented steam, in addition to the particle filters
that both units have. The pressure tap is located in a logical spot, the HEPA is well sealed, the
prefilter does need a better seal, but is still in better shape than Unit 1's. The inlet baffle is better
designed than Unit 1's. The foam in the door is loose, but the ¢arbon sheets looked good. Itis
recommended that the velocity tap in exit duct be located away from the water tap.

B.6.3 Air Velocities

As has been addressed earlier, the airflows in the building were gusty. The air velocities
were so variable that most of the readings consisted of determining a low and high velocity for the
range over which the meter needle swung. For the case where the readings were mainly at one
level with brief gusts or calm spells, an average wind velocity was estimated by watching the
gauge for several minutes. The airflow measurements are shown in Table B-15. These
measurement show sufficient air movement to easily exceed 20 cfm per person. However, it is
impossible to tell with our data if this would be true on a still outdoors day.

The airflow into the offices is essentially zero as long as one door is closed.

Soap bubbles used on day 2 showed air slowly exiting through the loading door, slowly
entering the door in the Unit 2 room, all 4 blowers blowing in, airflow into the door near Unit 2,
into plant from the back door to Unit 2, neutral at the Unit 2 exit, and into Unit 2 from the front.

B.6.4 Recommendations

Suggestions that may result in improvements include: stressing preferential use of the lower
rack in the washer area when only one rack is needed and draining of the liquid in the tubs before
lifting tubs above head level.
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Table B-15.
Airflow Measurements
Note: 4/10/96 and 4/11/96 were windy days

4/10/96
At truck door 20-175 empty (no truck), breezy
Outside near Unit 1 1000-1500
Door near Unit 2 200-300 outward
Large Opening between Units 75-300
Door Near Unit 1 100-550 inward
4/11/96
Door near Unit 1 25-40
QOutside near Unit 2 5-40
Unit 2 5-40
Loading Door 10-70
20 average
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The proposed exhaust systems for the microwave units should be installed directly above
the units' exhausts. Cooling air may need to be supplied in a location that will not cause the
effluent to blow into the worker's breathing zones.

The screen in the hopper should be cleaned regularly and the air cleaner housing for Unit 1
should be fixed. In order to determine if the air cleaners are functioning properly, airflow probes
should be installed in straight portions of the exiting ducts not near any flow perturbations, so that
decreases in the airflow can be easily monitored. When the airflow decreases, the screen should
be cleaned even if it is not the regularly scheduled cleaning time. If this does not eliminate the
problem, it is time to check on the filters' conditions.

The HEPA filter in Unit 1 should be sealed in facing the correct direction. It is
recommended that, in addition to facing the HEPA the right way, additional gasket material
should be added to complete the seal as the filter didn't seal very well when installed in the correct
direction. A reading of zero pressure drop across the HEPA should be an indication of a problem
and workers should be notified of this. It is recommended that the prefilter be changed more
often than the HEPA in order to allow better air flow and probably extend the life of the HEPA.
A schedule based on replacing the prefilter twice as often as the HEPA seems reasonable as the
unit does not have a monitor for the prefilter's pressure drop. The best recommendation would be
to upgrade the Unit 1 air cleaner system to one similar to the Unit 2 system.

The air cleaner on Unit 2 needs a better seal on the prefilter. Gasketting material should
suffice. The foam in the door is loose and should be secured. A velocity tap is recommended in
the exit duct not too near water tap. A similar pattern for replacing the filters should be used for
this unit as well as unit 1, in that the prefilter should be changed out more often than the HEPA.

As discussed later in this report (Section B.8) blood splatters from the units during
dumping are a potential hazard. If this area is to be addressed with engineering controls, it would
entail adding a splash shield to the unit. If this can be done and the units can still load efficiently,
this would be a beneficial option to pursue.

B.7 RESPIRABLE AEROSOL SCREENING

Aerosol measurements were taken with the hand held aerosol monitor (HAM) that
measures mass concentration from 0.3-2 pm and with the Laser Particle Counter (LPC) that
measures number of particles in various size rangesas described in Appendix I. An average
density of 1.5 g/cm® was assumed and mass concentration below 5 pm and total up to 15 pm
were calculated. The HAM results are shown in Table B-16 and the LPC data are shown in Table
B-17. None of the measurement exceeded the TWA of 10 mg/m® for particulates not otherwise
classified. None of the indoor HAM measurements even exceed the outdoor air National Ambient
Air Quality Standard, except the one measurement in the steam plume of unit 2. Likewise the
LPC measurements are low relative to the standards except for those outside or near the exit.
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Table B-16.
HAM Aerosol Concentration Measurements for the Microwave Facility

Location Mass
Concentration

Office Area 0.010
Outside - near truck 0.018 very breezy
Truck entrance 0.021 just inside, no activity
Near sink 0.018
Among tubs 0.014
About 3' from shredder 0.009 outdoors
Near washer 0.014 not in use
Unit 1 - inside back 0.011
Shredder 2 0.016 outside
Unit 2 - back 0.011
Unit 2 - above 0.013
Unit 2 - tubs dumped 0.014
Tub washing 0.021
Unit 2 -bin dumping 0.016
Unit 1 - bin dumping 0.025 steam rising
Unit 1 - bin hits bottom 0.014
Unit 1 - in bin 0.014 after dumping
Unit 2 - in room 0.006
[Unit 2 - while loading 0.007- 0.017
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“Table B-17.
Aerosol Mass Concentrations
based on LPC data and an assumed density of 1.5 g/cm®

Total Mass
(mg/m3)
onference Room 0.021
ILoading Door 0.013 0.121}no activity
tside truck 0.003 0.011
oading area - '
[Unit 2 dump 0.001 0.072}outdoors, upwind of unit
[Unit 1 dump 0.001 0.057]upwind
anding door 0.007 0.104|nearby, while moving bins
ading door 0.007 0.041}while unloading
ox near Unit 2 0.011 0.082
Near washer, 0.007 0.034
{running
4/11/96
ading area - 0.005 0.046]dumpster being left
Outside Unit 2 0.004 0.026jupwind, not very breezy
ump
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In addition these numbers do reflect the concentrations for a very gusty day when much
outdoor air entered the facility. On a windless day the level may be much higher. However,
strictly from the particle concentrations, no problems can be diagnosed that need addressing.

B.8 ASSESSMENT OF BLOOD ON SURFACES

On April 10-11, 1996, Phase 1 environmental sampling and analysis was conducted to
assess the extent of blood contamination on a variety of surfaces and materials in the processing
area of a medical waste facility using microwave technology for waste treatment. Evaluation of
blood and/or blood containing body fluids on surfaces in the processing area could provide
important information relative to identifying the most potentially hazardous steps in the treatment
process, which through modifications in engineering and/or work practice controls, could
minimize worker exposures. Visual inspection for visible blood on surfaces, along with the
collection of wipe samples for hemoglobin detection, was carried out throughout the processing
area, but focused primarily in the waste loading and washing areas. In the waste loading area,
tubs of waste are manually opened and dumped into a treatment bin that is hydraulically hoisted
up the front of the unit, where the bin is tipped and the waste is dumped into the grinding
chamber. From the dumping area, all reusable tubs are moved to a nearby washing area where
they are decontaminated and deodorized.

Fifty one (51) wipe samples were collected and processed immediately for the presence of
hemoglobin. Results are presented in Table B-18. Thirty two (63%) of the samples were
positive, primarily those associated with manual waste dumping including liquid drips and spills on
the concrete floor, walls adjacent to the dumpers, the waste dumper surfaces, the microwave unit
control panel, worker gloves, and sink surfaces. Worker goggles, telephone, scanning gun,
computer keyboard, and drink machine were all negative.

Visual assessment of the work flow, along with hemoglobin test results, shows that the tub
dumping area is the most contaminated and provides the greatest potential for worker exposure to
bloodborne pathogens. Both automatic and manual waste dumping results in the splatter and
splash of blood and liquids from untreated medical waste. Also, blood residuals detected at the
sink used for washing hands suggests the need for routine decontamination and cleaning of the
area. Based on the Phase 1 observations and test results, it is recommended that Phase 2
monitoring focus on assessment of workers' exposure to blood and body fluid splashes using
personal sampling techniques.

Recommendations to reduce exposure to blood and body fluid splashes include providing
adequate splash protection especially personal protective equipment. One specific hazard in this
plant was the fine spray of blood-laced hiquid when the tubs were dumped as shown by the
splatters from floor level up to about 12 ft on the wall near unit 2; this could be addressed by
requiring the workers and other personnel in the vicinity to wear a shield protecting the head and
face such as a hard hat with face shield or by installion of a canopy over the control station.
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Table B-18.
- Phase 1 Surface Blood Field Test Results

04/10/96|Drips on floor by dumper,Unit 1 4"x 4" 4+
04/10/96{ Tub lid liquid on top, Unit 1 4"x 4" =+
04/10/96|Dumper edge, Unit 1 4"x4" 4+ Dry visible blood
04/10/96{Dumper shroud ext. area, right Unit 1 8"x4" -+ er visible blood
+
+Nhm

04/10/96|Cntrl Pnl @ stop button, Unit 1
04/10/961Gloves of operator after dumping

04/10/96|Goggles of operator Neg
04/10/96|Fluid drip under grinder Neg
04/10/96/Waste chamber dr, top edge, Unit 1 6"x 5" + Dry splatters, streaks
Microwave 55 | 04/10/96{End washer wall near Unit 1 7x7" =+
Microwave 56 _{ 04/10/96|Tub wash solution test Neg
Microwave 57 | 04/10/96 Handle, door to inside Unit 2 172 handle [Neg
Microwave 58 | 04/10/96|Dumper shroud ext. area, left, Unit 2 6"'x 6" 4+ Visible blood streaks
Microwave 59 | 04/10/96{Spots on wall oppos. dumper, Unit 2 ++
Microwave 60 | 04/10/96]Cntrl Pnl buttons, stop, lift, Unit 2 - +Ht
Microwave 61 | 04/10/96{Floor in loading area 6"x 6" Neg
Microwave 62| 04/10/96{Sink counter 12'x 12" _{+Ht
Microwave 63 | 04/10/96|Top towel dispenser 9"x 5" + Dusty
Microwave 64 | 04/10/96{Tub, dry drip on cleaned tub 4'x 4" +Nht
Microwave 65 | 04/10/96[Telephone receiver Neg
Microwave 66_| 04/10/96|Scanning gun [Neg
Microwave 67 | 04/10/961Wall corner by stored waste, Unit 2 {6"x 6" Neg
Microwave 68 | 04/10/96{Far end tub washer wall. near sink 9"x 7" Neg
Microwave 69 | 04/10/96{Water cooler base top 172 area [Neg
Microwave 70 | 04/10/96{Ladder rung to top Unit 1 +
Microwave 71 | 04/10/96{Eye wash basin next to Unit 1 Neg
Microwave 72 { 04/11/96iShroud, outer left, Unit 1 6"x 6" =+
Microwave 73 | 04/11/96[Shroud, inside, left, Unit 1 6"x 6" 4+
Microwave 74 | 04/11/96{Dumper lip, Unit | 7"x3" |+t
Microwave 75 | 04/11/96{Shroud, inside, right, Unit 1 6"x 6" |+t
Microwave 76 | 04/11/96{Shroud, outer right, Unit 1 6"x 6" {4+t _
Microwave 77 { 04/11/96}Floor under dumper, Unit 1 6"x 6" J4-+ Dried red spots
Microwave 78 { 04/11/96|Cntrl Pnl, Unit | 6"x 6" +
Microwave 79 | 04/11/96{Washer wall end near Unit 1 T'x7" |+t
Microwave 80 | 04/11/96|Wash wall far end toward office 7'x 7" Neg
Microwave 81 | 04/11/96!Door left side Unit 1 6"x 6" Neg Dried streaks
Microwave 82 | 04/11/96|Worker gloves after dumping, Unit 1 [+
Microwave 83 | 04/11/96{Floor after mopping blood spill, Unit 1 {6"x 6" hnn.d
{Microwave 84 | 04/11/96|Shroud, outer left, Unit 2 16"x 6" {44+
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acation / Heserntion : z| 3 m
Shroud, inside left, Unit 2 6"x 6"

Microwave 85 | 04/11/96 bt
Microwave 86 _| 04/11/96|Shroud, inside right, Unit 2 forx6"  less

_[Microwave 87 | 04/11/96{Shroud, outer right, Unit 2 6'x 6" |+++
Microwave 88 | 04/11/96|Control Panel Unit 2 16"x 6" +
Microwave 89 | 04/11/96|Wall oppos. dumper Unit 2 f6'x6" |+t
Microwave 90 | 04/11/96|Goggles after dumping [Neg
Microwave 91 | 04/11/96|Clean bin 16"x 2' e
Microwave 92 | 04/11/96|Keyboard l6x 6" Neg
{Microwave 93 | 04/11/96|Under lid incoming bin 6"x 6" |Neg
{Microwave 94 { 04/11/96|Top towel rack at wash sink {6"x 6" +Ht
Microwave 95 _{ 04/11/96|Drink machine, can deposit area 12"x3" [Neg
Fdicrowave 96 | 04/11/96|Locker Neg

Hemastix Key

Neg Negative - No color change
+Nht Positive non-hemolyzed trace
Positive non-hemolyzed moderate

+Nhm

+Ht
+
++
+++

Positive hemolyzed trace
Positive small

Positive moderate
Positive large

Detection limit = 5000 RBC/ml sample which corresponds to
0.000027 ml blood eluted from gauze wiped over a surface.
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Another option would be to require the workers to leave the immediate area when the tubs are
dumping. In addition a uniform policy on the use of gloves especially when working on the
control panels should be adopted. A separate eating/break area would reduce the likelihood of
contamination through intentional ingestion; this hazard is highlighted by the positive samples at
the sink near the drink machines. Protective clothing that is not worn home should be worn in the
plant. Suggestions include the use of removable overalls in the plant or the addition of pants to
the already provided shirts and mandatory changing before Jeaving the facility. To reduce transfer
from the microwave areas to the office area, shoes that have been worn in the plant should be
changed or covered before entering the office area. Alternatively shoes may be covered before
entry to the plant floor and the covers removed before returning to the office area. The
bathrooms between the plant and the office area should be designated as part of the "clean” office
area.

B.9 SURFACE MICROBIAL CONTAMINATION

On March 10-11, 1996, Phase 1 environmental sampling and analysis was conducted to
assess the extent of microbial contamination on a variety of surfaces and materials in the
processing area of a medical waste facility using microwave technology for waste treatment.
Detection of the microbial indicator pathogens, Staphylococcus aureus and Escherichia coli,
could assist in determining the extent of microbial contamination from untreated medical waste
throughout the facility, and the potential for worker contact exposures. Sampling was conducted
primarily in the waste dumping area where splatters and splashes are common, the unit control
panel where workers touched buttons, worker gloves, and door handles and doorknobs.

A total of 50 surface samples, including three controls were collected and processed using a
surface wipe and direct plate technique as described in Appendix K. Results are shown in Tables
B-19 and B-20. Although samples were collected from many wet areas to include liquids from
waste dumping and associated spills, no S. aureus was isolated from any sample, and only three
samples were positive for E. coli. Other non-pathogenic environmental organisms, notably a
variety of Bacillus species, were isolated in the sampling and analysis process, but they are
inconsequential relative to assessing potential worker exposures to recognized human pathogens.
The presence of some viable indicator bacteria suggest that some of the waste processed was
recently generated. Otherwise, the organisms should have had time to die during transport and
storage as indicated in Appendix K. The implication of not finding a significant number of
samples positive for indicator bacteria does not rule out the potential for survival in the waste of
environmentally resistant and virulent pathogens such as Mycobacterium tuberculosis or a variety
of bloodborne viruses.

B.10 SUMMARY AND CONCLUSIONS

The microwave facility is located in a light industrial building essentially built of concrete
block with steel rafter/supports and a hightweight, corrugated roof. It is approximately 60 feet x
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Table B-19.

Staphylococcus aureus Test Results

Microwave 54 | 04/10/96|Dumper edge, Unit 1 2'x2" 30 0 10 Bacillus
icrowave 55 | 04/10/96|Cap access port to waste, Unit 1 2"x2" 0 0
icrowave 56 | 04/10/96!Dumper shroud left side, Unit 1 2"x 2" 2 0
Microwave 57 | 04/10/96]Liquid spill under dumper, Unit 1  |2"x2" | 484 0
icrowave 58| 04/10/96|Dumper control pnl, Unit 1 Fx 2"| 2 0
Microwave 59 | 04/10/96|Dumper shroud inside left, Unit1  {2"x 2" 5 0
Microwave 60 | 04/10/96|Dumper shroud inside right, Unit 1 _|2"x 2" 1 0
Microwave 61 | 04/10/96{Dumper shroud outside right, Unit 1 |2"x 2" 7 0
Microwave 62 | 04/10/96!Inside truck on floor - wet 2"x 2" 27 0 12 Bacillus
T}t{icrmwave 63 | 04/10/96{Washer wall end near Unit 1 2"x 2" 2 0
Microwave 64 | 04/10/96{Tub lid top, wet from waste, Unit 1 |2"x 2" 2 0
Microwave 65 | 04/10/96|Tub dumper edge, Unit 2 2"'x2" | TNTC 0 2 Bacillus
Microwave 66 | 04/10/96{Dumper shroud outside left, Unit2 [2"x 2" 0 0
Microwave 67 | 04/10/96{Dumper shroud inside left, Unit2  [2"x 2" 3 0 1 Bacillus
Microwave 68 | 04/10/96|Dumper shroud inside right, Unit2 [2"x 2" 10 0
Microwave 69 | 04/10/96{Dumper shroud outside right, Unit 2 2"x 2" 3 0 2 Bacillus
Microwave 70 | 04/10/96]Dumper control pnl, Unit 2 2"x 2" 6 0
Microwave 71 | 04/10/96|Cap access port to waste, Unit 2 2"x 2" 49 0 S5 Bacillus
Microwave 72 | 04/10/96|Door handle to inside Unit 2 2"x 2" 6 0
Microwave 73 | 04/10/96{Door knob, exit to office area 3 0 1 Bacillus
Microwave 74 | 04/10/96|Gloves from operator after loading 43 0 {5 Bacillus
Microwave 75 | 04/10/96|Arm of hydraulic lifter 2"x 2" 45 0 4 Bacillus
Microwave 76 | 04/10/96{Toilet rim -office mens (Control) 2"x 2" 8 0 1 Bacillus
Microwave 77 | 04/10/96]Toilet seat - office mens (Control)  |2"x 2" 77 0
Microwave 78 | 04/10/96|Toilet bandle - office mens (Control) 3 0 ‘
Microwave 79 | 04/11/96|Dumpr frnt outside below lip, Unit 1 |2"x 2" 26 0 6 Bacillus
Microwave 80 { 04/11/96{Dumper shroud outside left, Unit 1 {2"x 2" 9 0 1 Bacillus
Microwave 81 | 04/11/96|Dumper shroud inside left, Unit 1 |2"x 2" 26 0 26 Bacillus
Microwave 82 | 04/11/96{Dumper shroud inside right, Unit 1 {2"x 2" 1 0
Microwave 83 1 04/11/96/Dumper shroud outside right, Unit 1 {2"x 2" 8 0 1 Bacillus
Microwave 84 | 04/11/96/Cntrl pnl below buttons, Unit } 2"x 2" 2 0 "~ |1 Bacillus
Microwave 85 | 04/11/96|Floor drips below dumper, Unit 1 |2"x 2" 23 0 :
Microwave 86 | 04/11/96|Wash wall edge near Unit 1 4"x 2" 43 0
Microwave 87 | 04/11/96|Wash wall edge far end towrd office |4"x 2" 0 0
Microwave 88 | 04/11/96{Tub lip wet spot, Unit 1 2"x 2" 82 0 23 Bacillus
Microwave 89 | 04/11/96!Liquid, edge dumped tub, Unit 1 1"x2" | TINTC 0
Microwave 90 | 04/11/96{Dumpr sfc waste contacts, Unit 1 2"x 2" 51 0 1 Bacillus
Microwave 91 | 04/11/96/Dumper front lip, Unit 2 2"x 2" 189 0 1 Bacillus
I_hgcrowave 92 | 04/11/96{Dumper shroud outside left, Unit2 |2"x 2" 3 0 1 Bacillus

B-49



Microwave 93 04/11/96]Dumper shroud inside left, Unit 2 2"x 2" 162 0 3 Bacillus
Maowaw 94 | 04/11/96{Dumper shroud inside right, Unit2 }2"x 2" 228 0 {228 Bacillus
Microwave 95| 04/11/96|Dumper shroud outside right, Unit 2 |2"x 2" 7 0 1 Bacillus
Microwave 96 _|_04/11/96|Cap access port to waste, Unit 2 74 0 9 Bacillus
Microwave 97 | 04/11/96|Liquid floor drips near dumpr, Unit 2 47 0 {6 Bacillus
Ecrowave 98 | 04/11/96|Cntrl pn! lift buttons, Unit 2 46 0 11 Bacillus
Microwave 99| 04/11/96|Operator gloves aft dumping, Unit 2 71 0 13 Bacillus
Microwave 100 | 04/11/96|Door knob exit to offices 6 0

Microwave 101 | 04/11/96{Toilet rim womn office (Control) 1 0

Microwave 102 | 04/11/96{Toilet seat womn office (Control) 1 0

Microwave 103 | 04/11/96]Toilet handle womn office (Control) 2 0 1 Bacillus
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Table B-20. E. coli Test Results

CE] ali
Microwave 54 | 04/10/96|Dumper edge, Unit 1 2"x2" | TINTC 0
icrowave 55 | 04/10/96|Cap access port to waste, Unit 1 2"x 2" 2 0
Microwave 56 | 04/10/96{Dumper shroud left side, Unit 1 2"x 2" 87 0
icrowave 57 | 04/10/96|Liquid spill under dumper, Unit1 [2"x2" | TNTC 0
Microwave 58 | 04/10/96{Dumper control pnl, Unit 1 2"x 2" 17 0
Microwave 59 | 04/10/96|Dumper shroud inside left, Unit 1 {2°x2" | TNTC 0
icrowave 60 | 04/10/96|Dumper shroud inside right, Unit 1 {2"x 2" 38 0 |38 Bacillus
icrowave 61 | 04/10/96!|Dumper shroud outside right, Unit 1|2"x2" | TNTC 0 19 Bacillus
Microwave 62 | 04/10/96Inside truck on floor - wet 2'x2" | TNTC 0
Microwave 63 | 04/10/96|Washer wall end near Unit 1 2"x 2" 2 0
Microwave 64 | 04/10/96]Tub lid top, wet from waste, Unit 1 [2"x2" | TNTC 8
Microwave 65 | 04/10/96{Tub dumper edge, Unit 2 2"x2" | TINTC 0
Microwave 66 | 04/10/96|Dumper shroud outside left, Unit 2 [2"x 2" 31 0
Microwave 67 | 04/10/96|Dumper shroud inside left, Unit2 |2"x 2" 24 16 |3 Bacillus
Microwave 68 | 04/10/96/Du shroud inside right, Unit 2 12"x2" | TNTC 0
Microwave 69 | 04/10/96{Dumper shroud outside right, Unit 2|2"x 2" 112 0 |35 Bacillus
Microwave 70 |04/10/96!Dumper control pnl, Unit 2 2"x 2" 16 1
Microwave 71 {04/10/96]Cap access port to waste, Unit 2 2'x2" 82 0
Microwave 72 | 04/10/96{Door handle to inside Unit 2 2'x2" | 28 0 110 Bacillus
Microwave 73 | 04/10/96{Door knob, exit to office area 3 0
Microwave 74 | 04/10/96|Gloves from operator after loading 36 0 2 Bacillus
Microwave 75 | 04/10/96{Arm of hydraulic lifter 2"x 2" 14 0 10 Bacillus
Microwave 76 | 04/10/96|Toilet rim -office mens (Control) _ {2"x 2" 14 0 |6 Bacillus
Microwave 77 | 04/10/96|Toilet seat - office mens (Control) |2"x 2" 3 0
Microwave 78 | 04/10/96Tiolet handle - office mens 6 0 |4 Bacillus
{Control)
04/11/96/Dumpr frnt outside below lip, Unit 1]2"x2" | TNTC 0
04/11/96|Dumper shroud outside left, Unit 1 {2"x 2" 206 0 |51 Bacillus
04/11/96{Dumper shroud inside left, Unit 1 |2"x2" { TNTC 0
04/11/96!Dumper shroud inside right, Unit 1 {2"x2" | TNTC 0
04/11/96|Dumper shroud outside right, Unit 1 {2"x 2" 20 0
04/11/96|Cntrl pnl below buttons, Unit 1 2"x 2" 9 0 4 Bacillus
04/11/961Floor drips below dumper, Unit1 _ 12"x2" | TNTC 0
04/11/96|Wash wall edge near Unit 1 4"x2" | TNTC 0
04/11/96|Wash wall edge far end towrd office{4"x 2" 4 0
04/11/96{Tub lip wet spot, Unit 1 2"x2" | TNTC 0 iBacillus
04/11/96]Liquid, edge dumped tub, Unit 1 1"x2" | TNTC 0
04/11/96|Dumpr sfc waste contacts, Unit1  {2"x2" | TNTC 0 IBacillus
04/11/96|Dumper front lip, Unit 2 2"x2" | TNTC 0 IBacinus
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04/11/96{Dumper shroud outside left, Unit 2 TNTC 0
04/11/96}Dumper shroud inside left, Unit 2 TNTC 0
04/11/96!Dumper shroud inside right, Unit 2 84 0
04/11/96!{Dumper shroud outside right, Unit 2|2"x 2" 55 0
04/11/96|Cap access port to waste, Unit 2 20 0 12 Bacillus
04/1196|Liquid floor drips near dumpr, INTC 0 |Bacillus
Unit 2
04/11/96|Cntrl pnl lift buttons, Unit 2 12 0 |5 Bacillus
04/11/96{Operator gloves aft dumping, Unit 2 54 0 110 Bacillus
04/11/96]Door knob exit to offices 6 0
04/11/96|Toilet rim womn office (Control) 1 0
04/11961Toilet seat womn office (Control) 0 0
04/11/96{Toilet handle womn office (Control) 5 0
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110 feet x 24 feet in height. Approximately 1/3 of the building was used for two floors of offices
which were divided from the plant side by a floor to ceiling wall. The plant side had free space
from floor to ceiling. One section approximately 24 feet x 24 feet had been created with
permanent block walls and housed one microwave treatment unit. Another unit was in the larger,
open section of the plant. The plant side was protected by a charged water sprinkler system. The
office side had no sprinkler system. Occupancy was about 6 in the offices and 3-6 in the plant at
any given time.

- Untreated medical waste is placed in "red” plastic bags or sharps containers by the microwave
facility customers and the bags are placed in 48 gallon rigid plastic containers. The sharps
containers were normally segregated and handled separately from the plastic containers. The
microwave facility drivers manually load the containers into microwave facility owned/operated
trucks and bring them to the facility. The containers are manually pulled to a lift gate on the
truck, off loaded, and manually stacked up to 3 high using no mechanical aids. Each container
nominally weighs approximately 40 pounds. After weighing, the containers are manually dumped
into a large bin attached to one of the microwave units. The process cycle is machine controlled
with limited worker action. Upon signal from the microwave unit, a worker manually initiates a
control on the unit which activates a lift mechanism. The lift elevates the bin approximately 12
feet and tips it while simultaneously opening a large cover to a hopper. Once the medical waste
has dropped in the hopper, the lid closes over the hopper, and the bin is lowered to ground level.

An automatic grinding cycle commences in which the waste is ground up. During
treatment, the waste is augured up a closed, inclined tube. The tube has six (6) microwave units
mounted on top and several ports allow steam injection. The microwave units heat the steam and
waste. The treated waste product is dropped into a dumpster located outside the building. An
attached hydraulic ram periodically compacts the waste into the dumpster. When full, a
contractor hauls the dumpster to the city landfill to be emptied.

The facility had some inherent hazards needing attention as well as the need for
establishment of certain routine preventive procedures. A large component of the material
handling was manual, without aids. The primary worker exposure hazard was liquid exposure
during bin loading, bin dumping, and container cleaning. Back and muscle strain exposure
hazards were noted during the truck loading/unloading, pulling, stacking, and dumping of the
containers. Puncture hazards were found from waste dumped into the hopper rolling off the top
of the unit to the worker standing at the control location and from workers pushing red bags in
the bin to more efficiently load the bin.

Management was very interested and proactive in providing workers with training of many
types and providing protective equipment. The microwave facility had an active safety
committee. Written programs and documentation were good. A strong emphasis on good
housekeeping in the active work area was evident, but needed improvement in several areas.

The electrical safety program needs attention including clearing 36" in front of all panels, adding
circuit labels to several electrical panels, and repairing worn wiring on portable air compressor
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cord. Fall protection is needed above both units. Suggestions to reduce the cross contamination
problems include the workers need a means to quickly remove potentially contaminated
work/protective clothing and take food/water breaks and a separate place to take the breaks. Fire
safety concerns include a large rock adjacent to the fire hydrant which could inhibit firefighters
access to the hydrant and the need to have the safety station fire extinguisher mounted for ease in
access.

The job safety analysis and ergonomic assessment showed a need to reduce the manual
component of the job to reduce the strong potential for work related musculoskeletal disorders
due to the large amount of handling of the nominally 40 Ib bins. Suggestions include stacking
tubs only two high and the use of a dolly to minimize pulling. The primary hazard in loading the

. hoppers was exposure to splashes/drips/falling material. Personal clothing should be protected
and contaminated clothing should not be worn home.

Several VOCs were observed at the facility, but no OSHA permissible exposure limits
(PELs) nor ACGIH threshold limit values (TLVs) were exceeded. The compound with the
highest concentrations for all three sampling sites was 2-propanol at 2318, 495, and 986 pg/m’.

The aldehyde results indicated minimal concentrations ranging from 0.007 mg/m’ to 0.2
mg/m?®; several orders of magnitude lower than the respective OSHA PELs.

The results of the metals sampling indicate minimal levels (most are less than the detection
limits), of the following metals: Be, Al, Cr, Mn, Fe, Co., Ni, Zn, Cu, As, Se, Ag, Cd, Sb, Ba, T},
Pb and Hg.

The indoor air quality was evaluation included temperature, humidity, carbon dioxide
(CO,), and carbon monoxide (CO). The results indicated adequate indoor air during the sampling
period.

The noise survey demonstrated that noise levels ranged from 59 to 75 dBA in the process
area and from 42 to 47 dBA in the office area. The results for the eight hour time weighted
average noise exposure for the plant area indicated an average noise level of 59.5 dBA in the

plant. The noise exposures were below the OSHA permissible exposure limit for noise of 90 dBA
for an eight hour exposure.

The nonionizing radiation survey demonstrate a leak around the microwave closest to the
shredder in unit number 2. The levels exceeded 10 mW/cm?, and pegged the survey meter
offscale. This was brought to the attention of the operator who immediately tightened the unit
and reduced the leakage to <0.1 mW/cm?,

The 2 sampling days were very windy. Most of the gusts were directed toward the facilities
doorless side or toward the microwave number 1 location. Thus most of the entering air came in
through the door next to Unit 1 and exited through the loading door. The four "swamp coolers"
in the roof that can blow into the facility are intended solely for temperature control, not for
ventilation. The biggest fan has a thermostat control to prevent running too much for economy .
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sake. The ducting for the fans is located over the bins near the loading dock, over the 2 units, and
over the washer area. Thus the fans blow whatever gases or aerosol vents upward from the units
back into the breathing zone of the workers and into the plant in general. There are plans to
convert two of the vents to exhaust or to add exhaust ventilation to the existing facility, pending
the results of our survey. This plan should take place. Since the existing vents are directly over
the units' exhausts, it would be reasonable to use these for the exhaust. However, the temperature
control aspects of the swamp coolers may not be met and that incoming air may need to be
positioned elsewhere to meet that need. A hood above each units' exhaust would assist in
drawing the venting air toward the exhaust duct. However, the most important aspect is that this
exhaust should not be blown at the workers.

The airflows in the building were gusty with extremely variable air velocities. These
measurements do show sufficient air movement to easily exceed 20 cfm per person. However, it
is impossible to tell with our data if this would be true on a still outdoors day.

The HEPA screens to the air cleaners should be cleaned regularly and the air cleaner
housing for Unit 1 should be fixed. In order to determine if the air cleaners are functioning
properly, airflow probes should be installed in straight portions of the exiting ducts not near any
flow perturbations, so that decreases in the airflow can be easily monitored. When the airflow
decreases, the screen should be cleaned even if it is not the regularly scheduled cleaning time. If
this does not eliminate the problem, it is time to check on the filters' conditions.

The HEPA filter in Unit 1 should be sealed in facing the correct direction. Additional
gasket material should be added to complete the seal as the filter didn't seal very well when
installed in the correct direction. A reading of zero pressure drop across the HEPA should be an
indication of a problem and workers should be notified of this. It is recommended that the
prefilter be changed more often than the HEPA in order to allow better air flow and probably
extend the life of the HEPA. The best recommendation would be to upgrade the Unit 1 air
cleaner system to one similar to the Unit 2 system.

The air cleaner on Unit 2 needs a better seal on the prefilter. Gasketting material should
suffice. The foam in the door is loose and should be secured. A velocity tap is recommended in
the exit duct not too near water tap. A similar pattern for replacing the filters should be used for
this unit as well as unit 1, in that the prefilter should be changed out more often than the HEPA.

None of the aerosol measurements exceeded the TWA of 10 mg/m’ for particulates not
otherwise classified. None of the indoor HAM measurements even exceed the outdoor air
National Ambient Air Quality Standard, except the one measurement in the steam plume of unit 2
which was 0.081 mg/m®. Likewise the LPC measurements are low relative to the standards
except for those outside or near the exit.

Inspection for visible blood on surfaces, along with the collection of wipe samples for
hemoglobin detection, was carried out throughout the processing area, but focused primarily in
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the waste loading and washing areas. 63% of the samples tested for the presence of hemoglobin
were positive, primarily those associated with manual waste dumping. Worker goggles,
telephone, scanning gun, computer keyboard, and drink machine were all negative.

Visual assessment of the work flow, along with hemoglobin test results, shows that the tub
dumping area is the most contaminated and provides the greatest potential for worker exposure to
bloodborne pathogens. Also, blood residuals detected at the sink used for washing hands
suggests the need for routine decontamination and cleaning of the area. Based on the Phase 1
results, it is recommended that Phase 2 monitoring focus on assessment of workers' exposure to
blood and body fluid splashes using personal sampling techniques.

Recommendations to reduce this type of exposure include providing adequate splash
protection especially personal protective equipment. The fine spray of blood-laced liquid when
the tubs were dumped could be addressed by requiring personnel in the vicinity to wear a hard hat
with face shield. In addition a uniform policy on the use of gloves should be adopted. A separate
eating/break area would reduce the likelihood of cross contamination. Protective clothing that is
not worn home should be used in the plant. To reduce transfer from the microwave areas to the
office area, shoes that have been worn in the plant should be changed or covered before entering
the office area. Alternatively shoes may be covered before entry to the plant floor and the covers
removed before returning to the office area. The bathrooms between the plant and the office area
should be designated as part of the "clean" office area.

Phase 1 microbial contamination sampling for the microbial indicator pathogens,
Staphylococcus aureus and Escherichia coli, was conducted primarily in the waste dumping area,
the unit control panel, worker gloves, and door handles and doorknobs. No S. aureus was
isolated from any of the 50 samples, and only three samples were positive for E. coli. Other non-
pathogenic environmental organisms, notably a variety of Bacillus species, were isolated in the
sampling and analysis process, but they are inconsequential relative to assessing potential worker
exposures to recognized human pathogens. The presence of some viable indicator bacteria
suggest that some of the waste processed was recently generated. Otherwise, the organisms
should have had time to die during transport and storage. The implication of not finding a
significant number of samples positive for indicator bacteria does not rule out the potential for
survival in the waste of environmentally resistant and virulent patho gens such as Mycobacterium
tuberculosis or a variety of bloodbome viruses.

ADDENDUM TO APPENDIX B

This section is a summary of comments made about the draft version of Appendix B and
about the microwave equipment by a consultant to the microwave unit manufacturer. Comments
that were appropriately dealt with in the main body of this report have been included.
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In addition to the concerns of the project team about the hazards of debris falling to the top
of a unit or off the unit during loading, this reviewer expressed his concerns that attempts to
overload the particular type of microwave unit may cause waste to fall from the top. To reduce
some of the waste handling problems, he recommended that wheeled containers be used, when
appropriate. He noted that “a procedure is in place should entry into the hopper be required.”
This procedure includes the recommendation that the hopper be steamed for two hours.

He states that obtaining moveable stairs and installing railings for fall protection (including
toe boards) will be strongly recommended to all facilities with these units to minimize fall hazards.

With regards to the effluent air cleaning system, he points out that the maintenance
program offered by the unit manufacturer to field service personnel includes reviewing the
operation of the filtration system. In addition, concerns, such as those addressed in this report
over the problems with the older units filtration system, led to the development of the newer air
cleaning system. One of Appendix B’s recommendations was to increase the frequency of the
changeout of the pre-filter. The company is changing the recommendations for the changeout
schedule to reflect this suggestion. The new schedule will include changing the pre-filter every 2
months and when the HEPA filter is changed. All units are now manufactured to discharge to the
roof of the units.
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APPENDIX C.

 PYROLYSIS MWTF SCREENING REPORT

C.1 INTRODUCTION

This report focuses on an initial assessment of a medical waste treatment facility using a
pyrolysis technique. This document will serve as one appendix to an overall contract report
presenting similar reports on three types of treatment and comparisons of the three.

The Medical Waste Tracking Act (MWTA) of 1988 defined medical waste as "...any solid
waste which is generated in the diagnosis, treatment, or immunization of human beings or animals
in research pertaining thereto, or in the production or testing of biologicals...". It categorized
potentially infectious or "regulated medical waste" into seven types: culture and stocks;
pathological wastes; human blood and blood products; sharps; animal waste; isolation wastes; and
unused sharps. Treatment was defined as "any method, technique, or process designed to change
the biological character or composition of any regulated medical waste so as to reduce or
eliminate its potential for causing disease." The MWTA also had a destruction requirement that
regulated medical waste be "ruined, torn apart, or mutilated," so as to be unrecognizable and non-
reusable. Many of today's available technologies employ destruction as part of the treatment
process.

This year more than 500,000 tons of medical waste will be processed in the United States
prior to its ultimate disposal. Waste processing will be carried out at various "off-site”
commercial treatment facilities, or "on-site" at health care facilities, laboratories, or industrial
operations where the waste is generated. As the waste is transported, unloaded, treated, and
disposed of, workers can be exposed to a variety of potentially hazardous medical waste
components and treatment residues, to include biological and nonbiological aerosols, infectious
agents, toxic chemicals, and radioactive materials. They may also be at risk regarding a number
of safety related concerns including: injuries, noise, nonionizing radiation exposure, and duties and
equipment having poor ergonomics. At the present time there is a significant lack of information
on the identification, evaluation, and control of hazards associated with the treatment of medical
waste. _

A recent survey identified 114 commercial medical waste treatment facilities throughout
the 50 states (Malloy, 1995). On average, such facilities operate two to three work shifts and
process up to 100 tons of medical waste each day. Thus an estimate of the total number of
medical waste treatment workers in the United States easily exceeds 10,000. Thus, the CDC
determined that basic information on the current practices in MWTF should be collected.



C.1.1 Project Overview

The scope of the overall project encompasses all currently-available medical waste
treatment technologies, with emphasis on the identification, evaluation, and control of all hazards
associated with at least three different treatment systems. Hazards may include, but are not
limited to: aerosols (biological and nonbiological), organic vapors, vapors and gases of biocidal
agents, nonionizing radiation, materials handling, and safety issues (sharps, ergonomics, etc.).

The project tasks can be broken down into 4 categories: 1) conduct literature and field
studies necessary to identify all currently-available disinfection systems for infectious waste; 2)
recommend three technologies and associated sites for field evaluation; 3) conduct on-site field
studies to assess worker exposures to the identified hazards using conventional and novel
industrial hygiene methodologies, conduct an assessment of biological contaminants contained in
the detailed study plan and experimental design, and evaluate facility engineering controls for
worker protection; and 4) providing a detailed and comprehensive final report. The final report
will contain descriptions of all investigated treatment technologies, sampling and analytical
methods, facility health and safety evaluations, data analyses and risk assessments, evaluation of

engineering controls, discussion of results, recommendations to reduce worker exposures, and
conclusions.

This research has several purposes, all of which are related to a better understanding of the
medical waste treatment occupation, and its potential health and safety hazards. The study
includes the accumulation of a significant base of knowledge relevant to hazards identification,
potential routes of exposure, evaluation (sampling and analysis), risk assessment, and prevention
and control. The information collected was specific to the sites tested and the workers’

environments; thus, the data reflect a combination of the facility practices and the technology
used.

For the requisite field evaluations, two phases were planned. Each Phase 1 visit includes
an industrial hygiene survey and safety assessment for identification of occupational hazards
(chemical and physical), potential treatment system emission points, and engineering controls.
The Phase 2 visit will evaluate hazard exposures by conducting comprehensive personnel and area
sampling and analyses (as indicated by Phase 1 results) using conventional and novel industrial
hygiene practices for organic vapors, mercury, metals, bioaerosols, biological surface
contamination, non-ionizing radiation, noise, particles, air quality factors, and evaluate the
effectiveness of engineering controls to protect the workers. B

C.1.2 Technology Overview
Traditionally, incineration has been a method of treatment and destruction of hazardous

chemical waste, municipal solid waste, and pathological waste. It was logical that incineration
would be used when concern regarding infectious disease agents such as the AIDS and hepatitis B
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viruses prompted the treatment of all medical waste and hence a new industry. Over the past
several years however, environmental pollution concerns have fostered the development of a
variety of medical waste technologies that are presently regarded as viable alternatives to
incineration. Such technologies include steam autoclave, microwave, pyrolysis and
mechanical/chemical disinfection. This report focuses on a prototype, pyrolysis facility.

Pyrolysis units treat medical waste by pyrolizing waste in a controlled temperature and
pressure environment. Pyrolysis reduces the waste to gases and a small amount of dust and solid
debris. Metals and ceramics will not be reduced in size but will be disinfected by the very high
temperature of the treatment unit. All remaining solid waste residue is collected in a dust bin and
emptied as needed. An air cleaning unit is employed to remove unacceptable contaminants, such
as metals, from the effluent gas stream.

Concern for medical waste treatment workers comes from the unique character of the
waste material and varying treatment technologies. Medical waste contains numerous chemicals
that are themselves hazardous to worker health, and the MWTF technologies have the potential to
generate others. Emissions from incineration have been extensively studied (US EPA, 1991).
Little has been done however to characterize the environmental emissions from alternative
technologies. Several types of health hazards are of particular concern in this respect: infectious
agents (blood-borne pathogens and others); hazardous drugs and chemicals; and non-ionizing
radioactivity. Routes of exposure can include skin, mucous membranes, inhalation, and ingestion;
with hazards present or generated during treatment as aerosols, particulates, fluids, and sharps.
The nature of the MWTF technologies can generate special concerns, such as exposure to non-
ionizing radiation. Other concerns include safety hazards and risks of injury related to lifting,
moving, slips, falls, machine guarding, and electrical problems. While significant hazard
information and statistics are available for "health care workers," medical waste handlers and
treatment workers have not been included in the data gathering. It is prudent to assume that
medical waste workers are at risk for the same occupational illnesses and injuries as health care
workers.

C.1.3 Methodology Overview

Phase 1 of this project focused primarily on emissions, safety, controls, and biohazards. It
consisted of the following:

an industrial hygiene survey, -

a comprehensive safety assessment, ,
identification of potential emission points from the treatment system or process,
area sampling for identification of target volatile organic compounds (VOCs),
area sampling for airborne metals,

area sampling for aldehydes,

identification and assessment of existing engineering controls,

preliminary respirable acrosol assessment,
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® the assessment of blood on surfaces, and
° the assessment of microbial surface contamination.

Each of these assessed areas are discussed in detail later in this report. Details of
the specific methodologies used are addressed in Appendices E-P. This Phase 1 survey was
carried out by a field team of five people: a certified industrial hygienist (CIH), a certified safety
professional (CSP), an experienced microbiologist, an engineer, and an environmental field
sampling specialist. The Phase 1 survey did not attempt to determine if the technology was
efficiently treating the waste. This assessment examined worker exposures due to the
environment at the individual facility due to the technology, the work procedures including the
handling of the waste, and the facility itself. It is important to note that the effect on the
individual worker’s environment of safety features and dangers inherent in each technology is
dependent on the use of the equipment in a given facility, the care given to following the
manufacturers established procedures, the design of the facility (especially as regards to waste
handling and ventilation), and the individual worker’s adherence to the procedures at the given
facility (for example, use of provided personal protective equipment).

The industrial hygiene and safety assessment surveys observed the waste treatment
workflow and process, identified the hazards and routes of exposure unique to the waste
treatment technology/facility; secured floor plans, engineering control diagrams, and written
safety policy; defined work shifts and worker populations; examined policy related to health
promotion (e.g. hepatitis B vaccine, TB testing); described potential routes of exposure relative to
specific job assignments, identified chemical compounds used or stored in the facility; identified
potentially unsafe procedures, practices or conditions, addressed safety concerns, including
machine guarding, slips and falls, and ergonomics; and identified training and personal protection
devices currently used.

The samples for Phase 1 included for air emissions: VOCs, metals, mercury, aldehydes,
ketones, and particles; and surface contamination from blood or microbial. Potential chemical and
biological emission points were identified to ensure that subsequent sampling was properly
targeted. The identification was performed by visual inspection and facility usage determination,

as appropriate. The results of this screening were used to identify areas and personnel on which
to concentrate additional sampling.

Ventilation and HVAC control devices as applicable to the facilities air supply were
investigated. Measurements of airflow were taken. The airflow measurements were used to
determine if sufficient air is entering the facility based on the ASHRAE standard for indoor
ventilation requirements. An attempt was made to determine if contaminated air from the disposal
facility is being vented to any other indoor location (such as entering the return air to a main air
distribution location). Control devices that could create hazards of themselves were investigated
in conjunction with the hazard identification. The evaluation of other engineering controls such as

machine guarding, handrails, lifting assistance, noise control, and workplace ergonomics were
included.
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Phase 1 included aerosol measurements to provide a concentration profile for the room.
The aerosol monitor was used to measure concentrations near each identified potential emission
point and in several locations throughout the room. The concentration in the incoming outdoor
air was determined.

Surface blood contamination is also an important consideration in medical waste
treatment. Treatment system surfaces with which workers may come in contact were monitored
each day for blood contamination by a wiping procedure using sterile gauze. The gauze was then
eluted with sterile water and the eluate was tested for blood using the Hemastix detection method.

The risk of medical waste treatment workers to dermal contact with infectious disease
agents were assessed by sampling and analysis of treatment system surfaces for human pathogen
ndicator organisms. Suspect surface areas were evaluated by sampling and analysis for two
strains of vegetative bacteria associated with human infection and/or contamination,
Staphylococcus aureus and Escherichia coli.

C.2 GENERAL SAFETY EVALUATION OF A PYROLYSIS FACILITY
C.2.1 Summary

This facility, shown in Figure C-1, contains two, prototype, approximately forty pound per
hour, pyrolysis units installed on hospital property. The hospital constructed an addition to their
facility near the service entrance/boiler room enclosing a corner of the existing single story brick
structure. The finished building is approximately 48 ft. x 48 fi. by 20 ft. high, using two walls
from the existing hospital with steel framing and light metal walls for the other two sides.
Pedestrian entrance is through a doorway which faces the service area of the hospital. Equipment
can be moved in and out through either of two metal rollup doors (9 ft. x 12 ft. each) on the back
side of the structure. The structure floor is concrete and has a steel covered concrete trench in
the shape of a square with the outer edge approximately 4 feet from each wall. The trench is
about 6 inches wide and 6 inches deep. Utilities in the room include electricity and water. No
restrooms or separate office space is within the structure. The facility roof is flat and accessible
by means of a steel staircase which is fixed to the brick wall of the hospital which houses the
maintenance staff and equipment. This faculty is run both to treat the hospital waste and to allow
the pyrolysis equipment manufacturer to test and improve the equipment and procedures. Units
to be available for commercial use in the future will reflect changes made as a resultof knowledge
gained at this facility. The vendor/facility operator is in the process of developing procedures and
documentation as the technology is tested and improved. This report addresses the status of the
facility and the technology as of the dates of the assessment with updated information from the
vendor included in an addendum.
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C.2.2 General Facility Review (Pyrolysis Area Only)

Significant Positiv
° Active, interested hospital management.
o Energetic vendor staff willing to make knprommcﬁm.
L Pyrolysis unit facility was contiguous to hospital for minimal waste transport but
had separate, controlled entry.
°

Facility was well maintained.
tivi

Electrical safety needs attention, particularly high voltage breaker panel with open
space and cover, unlabeled breakers, and <3 foot clearance in front.

Highly flammable liquids/gases (acetylene) were stored indiscriminately among
several non-flammable storage cabinets.

A drench shower was unavailable despite high volume of caustics and caustics
piped overhead.

C.2.3 Other Safety Concerns - Facility

Electrical

Extension cord to cart was being used a permanent wiring.

The welder extension cord fed through the former window to the boiler room and
was used as permanent wiring.

No emergency lighting.

Missing cover plate for 4" x 4" junction box located above former window.

EXIT sign/light needed at entry door (interior).

Evacuation diagram needed.



Operational

NFPA or DOT diamond signage needed for all 55 gallon barrels, both inside and
outside facility i.e. better labeling of barrels.

All fire extinguishers should be mounted and clearly marked for ease of location.

Acetylene bottle needed base clamp and should be stored in segregated flammable
space.

Toeboard needed on landing plz{tform at top of stairs leading to roof.

The valve shutoff to the eyewash should be removed (i.e. any water shutoff to the
eyewash should also shutoff other routinely used water to force rapid repair and
preclude inadvertent/forgotten closure.

All personal protective equipment should be segregated from all other
equipment/chemicals.

Additional informational labels needed on all pibing.
All containers with chemicals need to be clearly labeled.
Spill control - several 55 gallon barrels of caustic liquid were stored outside the

floor space protected by the floor trench thus allowing a potential spill to be
released to the environment.

The Material Safety Data Sheet book should be tabbed for ease in quickly finding a
sheet.

C.2.4 Training Materials, Compliance Documentation, and Program Administration

Hospital
°

The hospital had a good, comprehensive, written plan.

Infectious Waste Management Plan, p. 10, 2(a)(5)(b); All sharps containers should
NOT be labeled "hazardous waste.”
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° Hazard Chemical Waste Management Plan - Section II p. 18, 1; Hazardous
chemicals being saved for recycling should be segregated by compatibility class,
not comingled in one container.

o Hazardous Chemical Waste Management Plan - Section IT (Revised 09/94);

p. 20, #4. The drain strainer should NOT be the strainer for tissue. Use a pre-
screen strainer.

p. 20, #6.(d). The perforated drum should NOT be burned out.
Pyrolysis Contractor
L The vendor had limited written safety documentation. Significant omissions
included:
- written respiratory protection program
- written electrical lockout/tagout program
- written hot work permit program _
- review/written program for permit required confined space
All of the required written OSHA programs were not readily available in work area.
Some were written, some in draft stage, some unwritten. The company relied heavily on the
hospital for service/support in many of these areas. Documentation of agreements and required

annual training documentation was not obtained. A confined space review of the pyrolysis unit is
needed.

Overall, attention is needed in the personal protective equipment, respiratory protection,
lockout/tagout, and hot work permit (fire prevention) written programs. Appropriate training
records for all staff need to be established.

C.2.4 Job Safety Analysis

There were essentially no routine jobs amenable to job safety analysis. Both pyrolysis
units were prototype units with constant modification in process. The conveyor belt did have an
emergency cable to stop the belt. The panels enclosing various parts of the unit were NOT
interlocked.

C.2.4 Personal Protection Equipment

The pyrolysis operator had a variety of personal protection equipment (PPE) which was
worn at different times throughout the work shift. The PPE included a back brace, heat resistant
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gloves, latex gloves, face shield, a dust/mist respirator, and a combination organic vapor/HEPA
filter half face respirator. The respirators were not properly maintained and were observed stored
loose in a cabinet; one disposable respirator was found on top of a vacuum attachment used to
clean out the pyrolysis unit. The respirators should have been stored in clean, sealed, plastic bags
with dates and employee names clearly labeled.

Street clothes are worn in the facility and there was no written requirement for steel-toed

safety shoes. Employees do not have to shower or change after their shift, though facilities are
available in the adjacent hospital.

C.3 EMISSION POINT IDENTIFICATION

During the initial visit to the pyrolysis facility potential chemical and biological emission
points within the facility were identified to allow for subsequent, properly targeted, area sampling.
The identified potential emission sites for the facility included the pyrolysis units especially at the
loading site and near the dust pans when they are cleaned.

C.4 CHEMICAL MEASUREMENT RESULTS

The medical waste as received is not chemically treated. The waste itself may contain any
number of chemicals, potentially including volatile metals such as mercury, volatile organic
compounds, or aldehydes such as formaldehyde. The most abundant chemical used at the facility
is a 50% solution of sodium hydroxide (NaOH). There were also miscellaneous chemicals such as
muriatic acid, lacquer thinner, motor oil, and acetylene located in the shop area adjacent to the
pyrolysis units.

C.4.1 Volatile Organic Compounds

Volatile Organic Compounds (VOCs) were collected by passing air through multisorbent
cartridges containing Tenax TA, charcoal, and ambersorb (200 mm x 6 mm o.d., Envirochem,
Kimblesville, PA). For analysis, VOCs on exposed cartridges were thermally desorbed then
analyzed by gas chromatography/mass spectrometry (GC/MS). Identification of unknown sample
constituents was performed using an electronic search of the NTHFEPA/MSDC Mass Spectral
Data Base (NIST library) and the Registry of Mass Spectral Library (Wiley Library). Manual
review of the data was performed to verify computer identifications and to identify compounds
not found using the computer literature search. A semiquantitative estimate of the identified
compounds was made using the total ion peak area for each compound and the total ion response
factor measured for toluene. A concentration estimate for total volatile organic compounds was
made using the same approach. Example VOCs that are detectable by the multisorbent method
are shown in Table C-1. The compounds found in the test samples will be a subset of these.
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Table C-1. Example VOCs That Are Detectable by the Multisorbent Method

1,2-Dichloropropane
1,1,2,2-Tetrachloroethane
Dibromochloromethane
Bromodichloromethane
cis-1,3-Dichloropropene
1,1,2-Trichloroethane
1,1-Dichloroethane
1,2-Dichloroethene (Total)
trans-1,3-Dichloropropene
-1,2-Dichloroethane
1,1,1-Trichloroethane

Carbon Tetrachloride

C,-Benzenes
C,-Benzene
Methylene Chloride
Bromethane
Chloroethane
Chloromethane
Chloroform
Trichloroethene
Chlorobenzene
Ethyl Benzene

Dichlorobenzenes

1,1-Dichloroethene

Tetrachloroethene
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Bromoform
Isopropanol
Propanol
Butanol
Pentanol
Benzene
Toluene
Acrolein
Acrylonitrile
Styrene
Vinyl Chloride
Xylenes



VOCs were collected at a flow rate of nominally 15 cc/min for 5§ hours, next to pyrolysis

unit number 1, between pyrolysis units number 1 and number 2 and at the back of pyrolysis unit
number 2 in the shop area.

Several VOCs were observed at the facility. They are listed in Tables C-2 to C-4 and
Figures C-2 to C-4. The concentrations given are based upon the formula weight of toluene, and
only those VOCs in excess of 0.05 mg/m” are reported. No OSHA permissible exposure limits
(PELs) or ACGIH threshold limit values (TLVs) were exceeded. Two VOC samples were lost at
this facility. One sampler was knocked over and broke and the field control was inadvertently
used to replace the broken sample thus invalidating both.

C.4.2 Hydrochloric Acid and Chlorine

The pyrolysis facility did not report the use of chlorine-based biocides to the assessment
team and was not tested for hydrochloric acid or chlorine.

C.4.3 Aldehydes and Ketones

Formaldehyde is a contaminant that may be emitted during the treatment of medical waste.
Formaldehyde as well as other volatile aldehydes and ketones were screened for using a silica
geV/DNPH-(2,4-dinitrophenylhydrazine) method (US EPA, 1988). During air sampling,
aldehydes and ketones instantaneously react on the cartridge to form the DNPH derivative. For
analysis, the DNPH/aldehyde/ ketone derivatives were eluted from the cartridge with acetonitrile.
This extract was then analyzed by high performance liquid chromatography (HPLC).
Aldehyde/ketones were identified by comparison of their chromatographic retention times with
those of purified standards. Quantitation was accomplished by the external standard method
using calibration standards prepared in the range 0.02 to 15 ng/uL of the DNPH/aldehyde
derivatives. Standards were analyzed and a calibration curve calculated by linear regression of the
concentration and chromatographic data. A list of aldehydes/ketones to be analyzed during Phase
1 screening are shown in Table C-S5.

Air samples for aldehydes were collected at a flow rate of nominally 120 cc/min for 6

hours, next to pyrolysis unit number 1, between the pyrolysis units, and at the back of pyrolysis
unit number 2 in the shop area.

The aldehyde results (Table C-6) indicated concentrations of formaldehyde in the range of
0.08 to 0.18 mg/m* as compared to the OSHA PEL of 0.94 mg/m® and the ACGIH TLV of 0.37
mg/m® (ceiling limit). Acetaldehyde and acetone were also observed but at concentrations of
nominally 0.07 mg/m®, several orders of magnitude lower than the respective PELs of 360 and
2400 mg/m’.
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Table C-2. VOC Results
Site 3 Between Pyrolysis Units No. 1 and No. 2

QUALITATIVE IDENTIFICATION REPORT
RTUECD 4421

Tims (min.) Peak ldentification()

Fit(b)

3.45 Background
630 Acstonitrile
12.4] Internal standard
18.68 Hexanal

20.49 Background
21.32 Internal standard
21.97 m/p-Xylene
2.7% Isternal standard
25.44 Phenol

27.02 Background
29.93 Nomanal

33.22 Decansl

©

)
1
()
{¢)

(©)

76

Tota! Volatile Organic Hydrocarbons

(s) Based oo an electrouic databese search of the NIH/EP/(MSDC
Mass Spectral Data Base (NBS Library) and the Ragisty of
Mass Spectral Deta (Wiley Library).

() % Fit versus reference spectra.

() Manual interpretation.
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Figure C-2. VOC Results
Site 3 Between Pyrolysis Units No. 1 and No. 2
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Table C-3. VOC Results
Site 3 Shop Area

QUALITATIVE IDENTIFICATION REPORT

RTUECD 4425
Retsation Concentration
_'llli(nin.) Peak Ideatification(a) Fie(b) (jﬂlﬂ)
3.44 Background (©) -
9.28 Usknown ©) 0.41
12.40 Inwmma! standard ©) -
18.68 Hexana! t o 1.9
19.44 3-Methy! furan 60 0.60
20.49 Background © -
21.33 Interna! standard ©) -
22.74 Hepanal ) 1.4
2.7 Interual standard () -
26.50 Octanal ;) 33
28.53 1-Pbenyl ethancoe t g 0.7
29.99 Nonagal 93 12
32.22 Uaknown ) 0.4
33.23 Decanal 86 16
33.83 Benzothiszole 2 0.52
35.42 Usknown () 0.
36.23 Dodecanal 21 0.76
Total Volatile Organic Hydrocarbons 73

(s) Based oo an slectronic datsbase search of the NTH/EPA/MSDC
Mass Spectral Data Base (NBS Library) and the Registry of
Mass Spectral Data (Wiley Library).

(®) % Fit versus reference spectra.

(c) Manual interpretation.
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Figure C-3. VOC Results

Site 3 Shop Area
File 532817 235.0-3350.0 amu. ;;EIEEU 4426 YRIP J6449-002

8000

- 24

6000 4 * 20

: 16

4000 12

8

2000

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.012.0

30000
25000
20000
15000
10000

8000

L 2

100
o
0
0
0
- B Pk Aﬂ Lo

13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0

16000

12000

8000

4000

235.0 26.0 27.0 28.0 29.0 30.0 31.0 32.0 33.0 34.0 35.0 36.0 37.0

0
0
30
0
10

400

300

200

100

1.2
1.0
3
N
4

g e e 1

38.0 39.0 40.0 41.0 42.0 43.0 44,0 45.0 46.0 47.0 48,0 49.0 50.0

€17



Table C-4.VOC Results
Site 3 Field Blank

QUALITATIVE IDENTIFICATION REPORT

FB-1: TRIP3
Reteation Coscantratioa

Time (min.) Pesk ldentification(s) Fit(d) (gglﬁ)

- 3.48 Backgorund (c) -—
12.63 lnternal standard () —
2133 Insernal standard () -
2.7 lomrmal standard (¢) -—

3

Total Volatile Organic Hydrocarbons

(s) Based ce a2 slectronic database search of the NTH/EPA/MSDC
Mass Spectra! Dats Base (NBS Library) and the Registry of
Mass Spoctral Dsta (Wiley Library).

() % Fit versus reference spectra.

(c) Manual interpretation.
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Figure C-4. VOC Results
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Table C-5. Example Aldehyde/ketones to Be Analyzed During Phase 1 Screening

Formaldehyde Acetaldehyde Acetone Acrolein
n-Propanal Crotonaldehyde n-Butanone n-Butanal

Bcnzaldehzde n-Pentanal n-Tolualdehﬁc n-Hexanal

C.4.4 Metals sampling and analysis

The methodology used for metals sampling utilized the EPA draft method 29 sampling
train for combustion source emissions (US EPA, 1986). The sample system incorporates a glass
fiber filter followed by two (2) impingers containing acidified peroxide solution for collection of
aluminum (Al), antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd),
chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), labile mercury
(Hg'?), nickel (Ni), phosphorus (P), selenium (Se), silver (Ag), thallium (T1) and zinc (Zn).
Following the peroxide impingers were two impingers containing acidified potassium
permanganate for the collection of elemental mercury (Hg®). The draft method has been
evaluated extensively at RTI and other laboratories, particularly for mercury species. In addition,
the method has been used in the field by a large number of industrial stack testing contractors. A
miniaturized version of the sampling train that incorporates midget impingers (1 - 2 L/min
sampling rates) instead of the Greenburg/Smith impingers (approximately 20 L/min) was used.

Metals were collected at a flow rate of nominally 1 L/min for 6 ¥z hours, next to pyrolysis
unit number 1 and between the pyrolysis units.

The measurement of these resulting samples included graphite furnace atomic absorption
(GFAA) for As, Sb, and Se; cold vapor atomic absorption (CVAA) for Hg®, inductively coupled
plasma mass spectrometry (ICP/MS) (EPA Method 200.8) for Al, Ba, Be, Cd, Cr, Co, Cu, Pb,
Mn, Ni, Ag, Tl and Zn; and inductively coupled plasma emission spectrometry for Al, Fe, Zn and
P. These methods are described in both the NIOSH Manual of Analytical Methods (NIOSH,
1994) and in EPA “Methods for Chemical Analyses of Water and Wastes™ (EPA 600/4-79-020).

The results of the metals sampling (Tables C-7 to C-10) indicate minimal levels (most are

less than the detection limits), of the following metals, Be, Al, Cr, Mn, Fe, Co., Ni, Zn, Cu, As,
Se, P, Ag, Cd, Sb, Ba, T1, Pb and Hg.
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Table C-6. Results of Aldehyde Analysis

-
4427 , Between Pyrolysis Units No. 1 and 2 430L
4428 Between Pyrolysis Units No. 1 and 2 422L
duplicate
4429 Pyrolysis Unit No. 1 424L
4430 Shop Area ' 42.1L
FB-3 Site 3 - field blank 00L

Concentrations expressed in

Field Control

% Recovery
Formaldehyde 90 37 3.7 37 44 2.6
Acctaldehyde 90 9.1 8.1 8.0 7.0 1.7
Acetone 184* 91 86 99 89 52
Acrolein 0 Q26| Q6 | Q6 <2.6 .6
Propionaldehyde 89 Q26| <6 <2.6 <2.6 Q.6
Crotonaldehyde 0 .6 26 3.6 3.0 2.6
2-Butanone 230 2.6 2.6 3.2 3.6 <2.6
Methacrolein 44 Q6| <26 Q6 | <6 <2.6
Butyraldehyde 89 Q6| <6 Q6 | «6 <26
Benzaldehyde 98 14 13 18 16 2.6
Valeraldehyde 86 Q6| <6 Q26 | Q6 <6
m-Tolualdehyde 96 Q6| <6 Q6 | 6 <2.6
Hexanal 86 Q6| <6 Q26 | 6 <2.6

¢ Interference present
® 2.6 pg/m’ is the limit of detection
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Table C-7. Site3

Metals Analysis (ug/m®)

Blank Corrected

Between the Pyrolysis Units.

4402

Impinger 2
0.416

4403
Impinger 3
0.46

4404

Impinger 4
0.416

Al <96 <9.6 <96 <96 a a a
Cr 1.269 <12 <12 <12 a a a
Mn <0.1 <0.1 <0.1 <0.1 a a a
Fe <4.8 <48 <48 <48 a a a
Co <02 <0.2 <02 <0.2 a a a
Ni <0.2 <0.2 <0.2 <0.2 a a a
Zn <12 <12 <12 <l.2 a a a
Cu <0.05 <0.05 <0.05 <0.05 a a a
Cd <0.1 <0.1 <0.1 <0.1 a a a
Sb <0.02 <0.02 <0.02 <0.02 a a a
Ba 0.055 <0.05 <0.05 <0.05 a a a
T <0.02 <0.02 <0.02 <0.02 a a a
Pb 0.069 <0.02 0.035 0.078 a a a
Hg" <0.03 0.0450 <0.03 <0.03 a a a
Hg° b b b b <0.03 <0.03 0.0411
As <0.05 <0.05 <0.05 <0.05 a % a
Se <0.5 <05 <05 <05 a a a
Ag <0.05 <0.05 <0.05 <0.05 a a a
P <12 <12 <12 <12 a a3 a

Impingers 4-6 analyzed only for Hg®

Impingers 1-3 analyzed for Hg*
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Table C-8. Site 3

Metals Analysis (ug/m°) Set 2
Blank Corrected

Al

Cr <12 <12 <12 <12 a a a
Mn <0.12 <0.12 0.32 <0.12 a a a
Fe <4.8 <4.8 <48 <4.8 a a a
Co <0.2 <0.2 <0.2 <0.2 a a a
Ni <0.2 <0.2 <02 <02 a a a
Zn <1.2 1.79 <12 123 a a a
Cu 0.11 0.14 0.06 0.40 a a a
Cd <0.1 <0.1 <0.1 <0.1 a a a
Sb <0.02 <0.02 <0.02 <0.02 a a a
Ba 0.052 <0.05 <0.05 <0.05 a a a
T <0.02 <0.02 <0.02 <0.02 a a a
Pb <0.02 0.09 0.10 0.16 a a a
Hg* <0.03 <0.03 0.0449 <0.03 a a a
Hg° b b b be <0.03 <0.03 0.0402
As <0.05 <0.05 <0.05 <0.05 a a a
Se <0.5 <0.5 <05 <0.5 a a2 a
Ag <0.05 <0.05 <0.05 <0.05 a a a

P <12 <12 <12 <12 a a a

Impingers 4-6 analyzed only for Hg®

Impingers 1-3 analyzed for Hg*?

C-23




Table C-9. Site 3

Metals Analysis (Total ug)
Blank Data
RTVECD No.
Identifier
Metals
Be <0.01 <0.01 a
Al <40 <40 a
Cr <0.5 <0.5 a
Mn <0.05 <0.05 a
Fe 0 Q0 a
Co <0.1 <0.1 a
Ni <0.1 <0.1 a
Zn <0.5 <0.5 a
Cu <0.02 <0.02 a
Cd <0.05 <0.05 a
St <0.01 <0.01 a
Ba <0.02 <0.02 a
T <0.01 <0.01 a
Pb <0.01 <0.01 a
Hg" <0.012 <0.012 a
Hg° b b 0.012
As <0.02 <0.02 a
Se <02 <02 a
Ag <0.02 <0.02 a
P <5 <5 a

a. Mercury impinger blank analyzed for Hg®
b. Metals impinger blank analyzed for Hg*?
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Table C-10. Site 3
Metals Quality Control

N/A  Metal was not spiked
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C.4.5 Indoor Air Quality

The indoor air quality was evaluated from 5/29/ 96 to 5/30/96, using a Metrosonics Air
Quality Monitor AQ-501 (S/N 1613). The air was evaluated for temperature, humidity, carbon
dioxide (CO,), and carbon monoxide (CO). The results (Table C-11), indicate adequate indoor
air during the sampling period.

C.5 NOISE

A noise survey was conducted on 5/29/96 using a Quest Sound Level Meter (S/N
DL8110002) calibrated with a Quest Calibrator (S/N J8100013). The noise survey demonstrated
that noise levels ranged from 66 - 81 dBA. The source of the loudest noise (81 dBA) was a
compressor located in the shop support area. The noise levels next to the pyrolysis units reached
a maximum of 75 dBA near the pump/motor area attached to the unit (Figure C-5).

C.6 ERGONOMIC ISSUES

The purpose of an ergonomic assessment is to prevent the occurrence of work related
musculoskeletal disorders. Work related musculoskeletal disorders can be attributable to the
“unassisted manual lifting and lowering of anything weighing more than 25 pounds more than
once during the work shift. The hospital employees (housekeeping/environmental services)
brought nominally 4-6 boxes per hour to the pyrolysis unit and loaded the conveyor belt. The
boxes weighed 15-30 pounds. The number of boxes was dependant on the hospital schedule with
the greatest number of boxes coming to the pyrolysis units post surgery.

The pyrolysis operators performed minimal handling of the waste, controlled the pyrolysis
unit with a PC, and troubleshooted/maintained the system.

C.7 ENGINEERING CONTROLS

The areas of emphasis of this section are ventilation and engineering controls. However,
much of the engineering control aspects of this inspection are covered more in depth in the safety
report. Relevant details about the plant are presented first followed by data, then
recommendations.

C.7.1 Piant Description -

The two pyrolysis units are located in a single room built adjoining the hospital. The basic
layout is shown (not to scale) in Figure C-1. There is no air flow from the facility directly into the
hospital. The only airflow into the facility that is not from outdoors is from the boiler room.
There is ducting entering the room from an air conditioner in the hospital; however, the ducting
takes the air out back out of the facility with no apparent leakage into the facility. Louvres above
the door admit air. The amount of this air is controlled by fan settings for the fans on the opposite
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Table C-11. Indoor Air Quality

Sample Dates
Location
CO, average 358 ppm 378 ppm
OSHA PEL' 10,000 ppm 10,000 ppm
RTI Suggested Limit 1,000 ppm" 1,000 ppm"
CO average 0 ppm O ppm
OSHA PEL 35 ppm 35 ppm
Temp. average 68.0°F 75.7°F
minimum 65.1°F 70.0°F
maximum 69.9°F 82.1°F
Relative humidity _
average 61.8% 43.5%
minimum 54.1% 353%
maximum 69.6% 54.2%

OSHA PEL is the Occupational Safety and Health Administration Permissible Exposure Limit for an
8 hour workday.

1,000 ppm is the current limit adopted by the State of Washington.
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Figure C-5. Noise Survey
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side of the room. These fans are turned on and off by the operators for their comfort. These fans
are approximately 46" diameter. In addition to the fans, when the facility gets uncomfortably hot
(the temperature is reported to reach mid-90s in the summer), the two roll-up doors at the back
are opened to allow even more airflow.

Waste to be treated by this facility comes in several times a day from the hospital and
several off-site small scale generators. All waste arrived in sealed cardboard boxes. Any wet or
damaged boxes are returned to the producers for repackaging. Specifically, the person bringing
the waste in (this will not be anyone employed in the pyrolysis facility) must return the waste to
the transport cart and take it back to the generation site. Thus the repackaging and handling of

the box is not done by the waste treatment plant employees. The dangers inherent in dealing with
the waste fall to the transporter and generator.

All boxes heavier than 50 Ibs are returned for repackaging; the weight limit is for the
safety of the operators. However, the boxes are not weighed until the conveyor belt takes them
to the unit loading platform. The boxes are manually stacked in one corner by the deliverer. They
are then lifted to the conveyor belts for the units as space becomes available, usually 1-4 boxes at
atime. The facility operator(s) only pick up one box at a time. Due to the low throughput, this
does not constitute much total lifting. One or two operators are on duty at a time.

After the box is loaded onto the conveyor belt, the unit moves the box onto a lifting pad
situated behind a transparent shield. Here the box is weighed (and rejected if over 50 1b) and the
barcode noting point of origin is read. The box is then lifted up several feet to the door of the
unit, and moved into the unit. The unit closes the door, treats the waste, and moves the next box
up. The units are extensively computerized, although back up switches are in place on the units
to allow manual operation if needed. The manual switches are located outside the protective
shield and should not ever contact the waste. The computer system is available for off site
downloading of data but there must be an on-site operator available to OK access. Some control
of the units and much monitoring is available through the off-site computer. The units are often
run 24 hours/day for 4 days (T-F) then are down for two days (the weekend), then maintenance
and service and upgrades on Mon.

The heat generated by the units is partially reused in the hospital boiler room as water
pipes circulate water heated by the pyrolysis units to heat exchangers in the boiler room. All heat
sources appear to be well shielded, not presenting danger to visitors or operators.

The solid waste exiting the units is mostly in the form of dust collected below the pyrolysis
section. Dumping the dust pan entails some exposure to the dust and bending and lifting the
collection pan. Improvements to the system that are being planned include a higher level pan and
a new dumping procedure. Waste that can not be pyrolized also falls into the collection pan.
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C.7.1.1 Effluent Gas Cleanup

After the pyrolysis section of the unit, the effluent gas stream runs through a packed bed
scrubber and a wet electrostatic preciptator for effluent air cleanup before exiting through the roof
stack. A carbon unit was tried but is not currently implemented. The scrubber treats the air with
neutralized liquid. NaOH is used to neutralize the HCI gas and maintain the liquid pH between 6-
8. The NaOH is metered into the liquid as needed from drums located to the sides of the room.
The scrubber liquid is recirculated through a “bag filter” to remove particles. These bags are
cleaned out regularly and the resultant waste is fed back through the unit along with other
operator generated waste, such as used gloves. The scrubber liquid is replaced once a week.

Used liquid is stored in drums in the facility until it is hauled off as waste. The liquid is tested
then disposed of or treated if determined to be hazardous. According to plant personne] the liquid
waste could simply be drained to the sewer according to the regulations, but the company is
trying to be as close to a zero effluent operation as possible, thus they are investigating a way to
concentrate the liquid to reduce total mass of effluent at least as an option for future units. The
caustic delivery sytem entails tubing running from the drums to the metering point. In addition,
this system is under consideration for upgrade to avoid long lines filled with NaOH as well as the
need for the large drums of caustic in the room.

The tall effluent stack is on the roof along with two hooded heat exchangers. Roof access
is simple by way of railed stairs. There are no roof rails, but the heat exchangers are safely away
from the edge of the roof. The stack is near the edge, but should not require attendance as the
stack sampling for regulation compliance is performed inside the facility. This sampling, required
only once a year, is performed by replacing a section of pipe with a sampling manifold.

C.7.1.2 Planned Model Imprevements

The next model is scheduled to have better pressure seal and minor explosion vent to
prevent such episodes as the minor pop and short venting of particles/hot air as was seen once
during our visit. In addition, plans are being made to make the filter changing simpler.

C.7.2 Air Velocities

As has been addressed earlier, the facility was breezy. The air velocities were somewhat
variable so that most of the readings consisted of determining a low and high velocity for the
range over which the meter needle swung. For the case where the readings were mainly at one
level with brief gusts or calm spells, an average wind velocity was estimated by watching the
gauge for several minutes. The airflow measurements are shown in Table C-12. These
measurement show sufficient air movement to easily exceed 20 cfm per person.

No air flows into the hospital from this facility. The outward air flow from the facility is
through the units or through the ventilation fans blowing out above the parking lot.
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Table C-12. Airflow Measurements for the Pyrolysis Facility
May 29, 1996

[ ocation Velocity (m) or |Notes
Velocity Range

Between and paralle] to length of units 25-50

Between and perpendicular to length of 15-45

units

Parallel to Unit 2 near Door 10-50

Perpendicular to Unit 2 near door 20-70

Near boiler room 10-25

In front of fan from boiler room 50-400 into facility
about 4" from wall at centerline 300 average

Through open entry door 600 into facility

Louvre above door, center 875 into facility

Back wall fan. unit closer to boiler room 950 out of room

Back wall fan, farther from boiler room 800 out of room

louvres farther open |
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C7.3 Recommendations

Beyond the potential direct exposure of the worker to dust when dumping the dust pan
and the release of dust into the air when the unexpected puffs occur, there are no apparent
particle or lack-of-airflow problems. Since the puff problem has been addressed in the newer
version of the unit and did not in any case appear to be a major concern with the current unit, this
problem did not warrant RT] recommendations. Thus there are no recommendations in these two
areas.

Other possible recommendations in the areas of engineering controls are already being
considered and implemented for the newer versions of the pyrolysis units. These include a simpler
way to clean the sensor, a safer way to clean the filter, modifications to the caustic delivery
system, and an improved dust collection/dumping system.

C.8 RESPIRABLE AEROSOL SCREENING

Aerosol measurements were taken with the hand held aerosol monitor (HAM) that
measures mass concentration from 0.3-2 um and with the Laser Particle Counter (LPC) that
measures number of particles in various size ranges as described in Appendix I. An average
density of 1.5 g/cm® was assumed and mass concentration below S um and total up to 15 um
were calculated. The HAM results are shown in Table C-13 and the LPC data are shown in Table
C-14. None of the measurements exceeded the TWA of 10 mg/m’ for particulates not otherwise
classified. None of the indoor HAM measurements even exceed the outdoor air National Ambient
Air Quality Standard. In fact the measurements were so low that the instrument was taken
outside and tested by blowing into some dust to make sure that the instrument would read the
presence of dust even after rechecking the zeroes and spanning the HAM showed no instrument
problems. Hence the last entry in Table C-13.

In addition these numbers do reflect the concentrations for a day when much outdoor air
entered the facility. When the fans are off or run less due to cold or if outdoor levels are higher,
the levels indoors may be higher. However, strictly from the particle concentrations, no problems
can be diagnosed that need addressing.

C.9 ASSESSMENT OF BLOOD ON SURFACES

The May 29-30, 1996, Phase 1 environmental sampling and analysis assessed the extent
of blood contamination on a variety of surfaces and materials in the processing area of an on-site
medical waste facility using a pyrolysis process for waste treatment. Waste for treatment is
delivered in cardboard boxes, stacked in a corner, then placed on a conveyor that moves the
material into the pyrolysis unit by means of a controlled cycle. Exposure to blood and body fluids
is minimized as opening of the boxes and dumping of the waste is not required. Exposure could
occur if waste boxes leak onto the floor of the facility or the waste conveyor.
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Table C-13. HAM Measurements for Pyrolysis Facility

May 29, 1996
Location Mass conc Notes
mg/m3
Near Open Door to Qutside 0.006
Near Unit 2 0.018 {when door opened to
clean photoelectric eye
Between units 0.004
In front of fan from boiler 0.004
room
Roll-up door at Unit 1 0.004
Roll-up door at Unit 2 0.004
Outside entry door 0.002
In dust cloud at dumpster 0.017 jdust blown up to check
instrument response

Table C-14. Mass Concentrations for Pyrolysis Facility
based on LPC data and assumed density of 1.5 g/cm3

[ .ocation

May 29, 1996

Mass <5
mg/m3

Total Mass
mg/m3

Notes

On Table

0.0004

0.0033

Near Door for
residue
before opening

0.0009

0.0015 |no 10-15 um particles counted

Near Door for
residue, tray empty
thus no time or
particles for large
measurement

0.0004

mass < 1 pm

Near table, shortly
after Unit door
opened

0.0009

0.0054

Between Units

0.0007

0.0040

Near Boiler Room

0.0006

0.0121

May 30, 1996

Near stacked boxes

0.0006

0.0051
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Twenty (20) wipe samples were collected and processed immediately for the presence of
hemoglobin, using collection and analysis methods described in Appendix J. Samples were
collected from various locations on the floor near the two pyrolysis units, where spots or stains
were suspected of being from blood contamination, and also from conveyor belts, lifters, and
associated conveyor framework for both units. Results are presented in Table C-15. Twelve
(60%) of the samples were positive. Since the facility appeared quite clean and blood had not
been seen splashing out of boxes, when three of the four samples from the conveyor belts were
positive for hemoglobin, the personnel were questioned about likely sources. At this point the
assessment team was told that the belts are periodically cleaned with Comet brand cleanser. A
quick test with the cleanser performed on-site by the assessment team showed that the Comet
produced a false positive result. When the other tests were also positive, the personne] were
questioned but no likely source of chlorine contamination was mentioned to the team. Later in
response to the draft version of this report, the management detailed the use of disinfectant for the
floor and other surfaces. The assessment team did not test the product in use but acknowledges
that the false positives may have resulted solely, or in part, from the cleansers used in the facility.

If the positives did indicate blood for some of the spots it is likely that the blood came
from occasional leaking waste boxes. The presence of such residuals would indicate the need for
greater attention to routine cleaning and decontamination. While facility personnel are equipped
to effectively handle large blood spills, greater attention could be paid to decontamination and
cleaning of minor drops and splatters. Many of the suspect areas sampled and found positive had
obviously been there for a significant length of time.

In addition to the recommendation for greater attention to routine cleaning and
decontamination, preferably on a daily basis, it is also recommended that facility workers who
load the waste boxes onto the conveyors wear protective clothing such as gowns or lab coats. On
several occasions workers were observed loading the boxes onto the conveyors with latex gloves
for hand protection, but without protection of their street clothes. Without a protective gown or
coat, a leaking box could easily splatter clothing, perhaps unknowingly to the worker.

C.10 SURFACE MICROBIAL CONTAMINATION

The Phase 1 survey assessed the extent of microbial contamination on a variety of surfaces
and materials in the processing area of an on-site medical waste facility using a pyrolysis process
for waste treatment. Sampling was conducted to detect the viable bacterial indicator pathogens
Staphylococcus aureus and Escherichia coli, which could assist in determining the extent of
microbial contamination from untreated medical waste throughout the facility, and the potential
for worker contact exposures to a variety of potentially infectious agents. Sampling was
conducted on various surfaces of the two pyrolysis units including the conveyor framework and
belts, in addition to control panels and handles that the operators would touch in the performance
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Table C-15. Phase 1 Surface Blood Field Test Results
Bample # _____[Date | Area | Comment |

Pyrolysis 97 05/29/96|Conveyor edge, lifter end, Unit 1 1"x 24" Ht
[Pyrolysis 98 | 05/29/96|Conveyor edge, mid, Unit 1 1"x24" _ [Neg
i 05/29/96 e,baydoorend, Unit1 [1"x24" b
¢, lifter end, Unit 2 1"x 36" {Neg
onveyor edge, mid, Unit 2 1"x 36" [Neg
¢, bay door end, Unit 2 1"x 36" JNcg_
nveyor belt Unit 1 width x 24" |Neg
[Pyrolysis 104 | 05/29/96}Conveyor belt Unit 2 width x 24" |+Nhm
[Pyrolysis 105 | 05/29/96[Floor by conveyor, Unit 1 12"x 12" }Nht [Dried spots
[Pyrolysis 106 05/29/96]ng conveyor end Unit 1 12"x 12" HNht IDried spots
{Pyrolysis 107 | 05/30/96]Conveyor edge, lifter end, Unit 1 3"x24"  [Nht
IPyrolysis 108 | 05/30/96|Conveyor edge, mid, Unit 1 3'x24" |t
lf’yrolysis 109 05/30/96 IConvcyor edge. bay door end, Unit 1 3"x 24" -+
tPyrolysis 110 | 05/30/96]Conveyor belt Unit 1 Jwidth x 24" |+Nnt
[ljyro]ysis 111 05/30/96|Convcyor edge, lifter end, Unit 2 1.5"x 36" [Neg
[Pyrolysis 112__| 05/30/96|Conveyor edge, mid, Unit 2 15"x 36" [Neg
[Pyrolysis 113 | 05/30/96|Conveyor edge, bay door end, Unit2 __ [1.5"x 36" [Neg
Pyrolysis 114 | 05/30/96}Conveyor belt Unit 2 width x 24" b+
Pyrolysis 115 | 05/30/96]Floor by Unit 1 12'x 12" |Nhm
Pyrolysis 116 | 05/30/96{Floor by Unit 2 near bay door 12x 12" b+
[Pyrolysis 117__| 05/29/96|Comet test 0.1 gram |-
Hemastix Key

Neg Negative - No color change

+Nht Positive non-hemolyzed trace
+Nhm Positive non-hemolyzed moderate
+Ht  Positive hemolyzed trace

+ Positive small

++  Positive moderate

+++ Positive large

Detection limit = 5000 RBC/ml sample which corresponds to
0.000027 ml blood eluted from gauze wiped over a surface
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of their duties. Various surfaces in and around a toilet in the main hospital building away from the
treatment facility were sampled as environmental controls.

A total of 50 surface samples and three controls were collected and processed for each of
the indicator organisms using a surface wipe and direct plate technique as described in Appendix
K. Results are shown in Tables C-16 and C-17. No §. aureus was isolated from any sample, and
E. coli was isolated only from a stained area on the edge of the Unit 1 conveyor. Other non-
pathogenic environmental microorganisms, notably a variety of Bacillus species, were isolated in
the sampling and analysis process, but can be regarded as inconsequential relative to assessing
potential worker exposures to recognized human pathogens. While the results in general show
little waste contamination of facility surfaces, the E. coli isolate does indicate that surface
contamination may be present at any time, possibly from leaking waste boxes that could contain
more virulent pathogens such as Mycobacterium tuberculosis or a variety of bloodborne viruses.
Accordingly it is again recommended that attention be given to daily routine cleaning and
decontamination of treatment unit and other facility surfaces. Also, a uniform policy should be
established and enforced as regards the wearing of gloves to operate buttons and switches on the
various control panels of the pyrolysis units.

C.11 SUMMARY AND CONCLUSIONS

This report discusses a facility containing two, prototype, pyrolysis units installed on
hospital property. The hospital constructed an addition to their facility near the service
entrance/boiler room enclosing a corner of the existing single story brick structure. The finished
building is approximately 48 ft. x 48 ft. by 20 ft. high, using two walls from the existing hospital
with steel framing and light metal walls for the other two sides. Pedestrian entrance is through a
doorway which faces the service area of the hospital. Equipment can be moved in and out
through either of two metal rollup doors on the back side of the structure. The structure floor is
concrete and has a steel covered concrete trench in the shape of a square with the outer edge
approximately 8 feet from each wall. Utilities in the room include electricity and water. No
restrooms or separate office space is within the structure. The facility roof is flat and accessible
by means of a steel staircase which is fixed to the brick wall of the hospital which houses the
maintenance staff and equipment.

Each pyrolysis unit has a footprint of approximately 8 feet x 34 feet. The exhaust from
each unit joins within the building and discharges through a single stack which is approximately 8
inches in diameter and rises about 20 feet above the roofline. Each pyrolysis unit uses electricity
as the heat source. The waste is contained in fiber boxes which were packaged and sealed prior
to delivery. A conveyor that parallels the length of each unit is loaded with the boxes. At the
pyrolysis chamber end each box is automatically weighed. When the pyrolysis chamber is empty,
the box is lifted vertically, then moved horizontally through an outer door into an airlock. The
outer door closes and then a second door, inside the airlock, opens and the box falls into the
pyrolysis chamber.
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Table C-16.
_ E. coli Test Results

EE-I__L!E-MUE_

Pyrolysis 104 05/29/96{Conveyor edge above switch, Unit 1 2"x 2" TNTC 0
Pvrolysis 105 05/29/96}Conveyor edge, stained area, Unit 1 2"x 2" TNTC 0
Pyrolysis 106 05/29/96 IConveyor edge, stained area, Unit 1 D"x 2" 14 0
Pyrolysis 107 05/29/96 [Conveyor edge, stained area, Unit 1 0"x 2" 15 0 1 Bacillus
Pyrolysis 108 05/29/96 IConveyor edge, stained area, Unit 1 2"x 2" 27 1 17 Bacillus
Pyrolysis 109 0572996 {Conveyor edge, stained area, Unit 1 2"x 2" 36 0 12 Bacillus
Pyrolysis 110 05/29/96Conveyor belt under waste box, Unit 1 13 0 Bacillus
05/29/96}Conveyor belt under waste box, Unit 1 2% 0 |3 Bacillus
05/29/96}Conveyor belt under waste box, Unit 1 9 0 1 Bacillus
05/29/961Con ¢ above motor, Unit 2 1"x 4" 23 0 S Bacillus
05/29/96 IConveyor edge, Unit 2 1"x 4" 77 0 167 Bacillus
05/29/96{Conveyor edge. Unit 2 1"x 4" 44 0
[Pyrolysis 116 05/29/96|Conveyor edge, Unit 2 1'x4" | INTC 0  }mucoid
olysis 117 05/29/96Conveyor edge, Unit 2 2"x 2" 17 0
|;-£yrolvsis 118 05/29/96 lzonvcyor belt, Unit 2 "x 2" 5 0
Ipyrolysis 119 05/29/96|Conveyor belt, Unit 2 h'x 2" 13 0
[Pyrolysis 120 05/29/96|Conveyor belt. Unit 2 D"x 2" 1 0
[Pyrolysis 121 0529/96]Conveyor belt, Unit 2 2" 2" 2 0
[Pyrotysis 122 0529/96[Handle, shield waste loader, Unit 1 1 0
Eyrolysis 123 05/29/96|Handle, shield waste loader, Unit 2 0 0
Pyrolysis 124 | 05/29/96|Control Panel, Unit 1 0 0
[Pyrolysis 125 0529/96|Control Panel, Unit 2 0 0
Eyrolysis 126 05/29/96[Toilet handle, men, hospital (Control) 15 0
[Pyrolysis 127 05/29/96[Toilet seat, men, hospital (Contro}) 4'x 4" | TNTC 0
fPyrolysis 128 05/29/96Toilet rim ,men, hospital (Contro}) 0 0
IPyrolysis 129 05/30/96|Conveyor edge, Unit 1 n"x 2" 35 0
I}Twol)sxs 130 05/30/96}Conveyor edge, Unit | 2"x 2" 35 0 19 Bacillus
onvsls 131 05/30/96|Conveyor edge, Unit 1 2"x 2" 51 0 |9 Bacillus
05/30/96]Conveyor edge, Unit 1 2"x 2" 14 0
05/30/96|Conve§ éie, Unit D" 2" 21 0 10 Bacillus
05/30/96|Conveyor belt, Unit 1 2"x 2" 1 - 0
[Pyrolysis 135 05/30/96]Conveyor belt, Unit 1 n"x2" | TNTC 0  IBacillus
[Pyrolysis 136 05/30/96]Conveyor belt, Unit 1 D"y 2" 4 0
[Pyrolysis 137 05/30/96|Conveyor belt, Unit 1 "% 2" 25 0 1 Bacillus
i edge, Unit 2 "x 2" 6 0
edge, Unit 2 0" 2" 6 0
h"x 2" 4 0
2" 2" 23 0
R'x2" 50 0 7 Bacillus
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~ _Lonveyor belt, Unit 2 2"x 2" 0 5 Bacillus
olysis 144 05/30/96 |Conveyor belt, Unit 2 R"x 2" 4 0
Eolys;s 145_| 05730/96)Conveyor belt, Unit 2 2"x 2" 2 0

IPyrolysis 146 | 0530196 ]Conveyor belt, Unit 2 2% 2" 6 0 |1 Bacillus
[Pyrolysis 147 | 05/3096Control Panel Handle, Unit 1 1 0
PPyrolysis 148 | 05/30/96[Rear Control Panel Handle, Unit 1 0 0
[Pyrolysis 149 | 05/3096Control Panel Handle, Unit 2 1 0
[Pyrolysis 150 ]  05/3096[Rear Control Panel Handle, Uit 2 2 0
fPyrolysis 151 | 05/30/6[Toilet seat, men, hospital (Control) 176 0
[Pyrolysis 152 | 05730m6[Toilet handle, men, hospital (Control) 18 0
[Pyrolysis 153 | 05/30/96{Toilet rim, men, hospital (Control) TNTC 0
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Table C-17. Staphylococcus aureus Test Results

Pyrolysis 104 | 05/29/96]{Conveyor edge above switch, Unit 1 §2"x 2" 9 0 2 Bacillus
{Pyrolysis 105 | 05/29/96|Conveyor edge, stained area Unit1_[2"x 2" 118 0 9 Bacillus
[Pyrolysis 106 | 05729M6]Conveyor edge, stained area, Unit 1 12"x 2" 51 0
E;olysis 107 | 0572996 |Conveyor edge. stained area Unit1 _ [2"x2" 20 0 3 Bacillus
olysis 108 | 05/29/96 [Conveyor edge, stained area, Unit1 __ J2"x 2" 22 0 Bacillus
Fyolysis 109 | 05/29/96]Conveyor edge, stained area. Unit 1 __[2" 2" 64 0 4 Baillus
Pyrolysis 110 | 05/29/96|Conveyor belt under waste box, Unit 1 1 0 1 Bacillus
{Pyrolysis 111 | 05729/96|Conveyor beit under waste box, Unit 1 38 0 4 Bacillus
[Pyrotysis 112 | 0572996 Conveyor belt under waste box, Unit 1 4 0 4 Bacillus
olysis 113 | 05/29/96Conveyor edge above motor. Unit 2 1"x 4" S 0 2 Bacillus
Pyrolysis 114 | 035/29/96]Conveyor edge, Unit 2 1"x 4" 45 0 3 Bacillus
Pyrolysis 115 | 05/29/96]Conveyor edge, Unit 2 1"x 4" 33 0 2 Bacillus
Pyrolysis 116 | 05/29/96|Conveyor edge, Unit 2 1"x 4" 30 0 16 Bacillus
Pyrolysis 117 | 05/29/96]}Convevor edge, Unit 2 2"x 2" 23 0 1 Bacillus
Pyrolysis 118 | 05/29/96]Conveyor belt, Unit 2 2"x 2" 1 0
Pyrolysis 119 | 05/29/96|Conveyor belt, Unit 2 2'x 2" 4 0 3 Bacillus
Pyrolysis 120 |  05/29/96 }Convevyor belt, Unit 2 2"x 2" 2 0
Pyrolysis 121 | 05/29/96 IConveyor belt, Unit 2 2"x 2" 9 0 2 Bacillus
Pyrolysis 122 | 05/29/96 |Handle, shield waste loader, Unit 1 0 0
Pyrolysis 123 | 05/29/96 [Handle, shield waste loader, Unit 2 8 0 1 Bacillus
Pyrolysis 124 | 05/29/96Control Panel, Unit 1 2 0 1 Bacillus
Pyrolysis 125 | 05/29/96Control Panel, Unit 2 1 0 1 Bacillus
Pyrolysis 126 | 05/29/96|Toilet handle, men, hospital (Control) 51 0
Pyrolysis 127 { 05/29/961Toilet seat. men, hospital (Control) 4"x 4" TNTC 0
Pyrolysis 128 | 05/29/96]Toilet rim ,men, hospita! (Control) TNTC 0
Pyrolysis 129 | 05/30/96]Conveyor edge, Unit 1 2"x2" 4 0 4 Bacillus
Pyrolysis 130 | 05/30/96{Conveyor edge, Unit 1 2"x 2" 66 0 S Bacillus
Pyrolysis 131 | 05/30/96 |Conveyor edge, Unit 1 2"x 2" 50 0 5 Bacillus
Pyrolysis 132 | 05/30/96[Conveyor edge, Unit 1 2"x 2" 2 0
Pyrolysis 133 | 05/30/96 |Conveyor edge, Unit 1 2"x 2" 68 0 4 Bacillus
Pyrolysis 134 | 05/30/96]Conveyor belt, Unit 1 2"x 2" 6 0 3 Bacillus
Pyrolysis 135 |  05/30/96 Conveyor belt, Unit 1 2"x 2" 2 0 1 Bacillus
Pyrolysis 136 | 05/30/96]Conveyor belt, Unit 1 2"x 2" 4 0 3 Bacillus
Pyrolysis 137 | 05/30/961Conveyor belt, Unit 1 2"x 2" 10 0 4 Bacillus
Pyrolysis 138 | 05/30/96 |Conveyor edge, Unit 2 2"x 2" 1 0
Pyrolysis 139 | 05/30/96{Conveyor edge, Unit 2 2"x 2" 10 0 1 Bacillus
golysis 140 | 05/30/96|Conveyor edge. Unit 2 2"x 2" 10 0 6 Bacillus
olysis 141 | 05/30/96 {Conveyor edge, Unit 2 2"x 2" 16 0 4 Bacillus
lerolysis 142 | 05/30/96 {Conveyor edge, Unit 2 2"x 2" 15 0 3 Bacillus
olysis 143 | 05/30/96]Convevor belt, Unit 2 ]12°'x 2" 9 0 §6 Bacillus
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Pyrolysis 144 | 05/30/96|Conveyor belt, Unit 2 2"x 2" 7 Bacillus
[Pyrolysis 145 | 05/30/96]Conveyor belt, Unit 2 2'% 2" 3 Bacillus
Pyrolysis 146 | 05/30/96Conveyor belt, Unit 2 2"x 2"

Pyrolysis 147 1 05/30/96}Control Panel Handle, Unit 1

{Pyrolysis 148 | 05/30/96{Rear Control Panel Handle, Unit 1

Pyrolysis 149 | 05/30/96|Control Panel Handle, Unit 2 2 Bacillus

Pyrolysis 150 | 05/30/96}Rear Control Panel Handle, Unit 2
Pyrolysis 151 | 05/30/96[Toilet seat. men, hospital (Control)
Pyrolysis 152 | 05/30/96{Toilet handle, men, hospital (Control)

[Pyrolysis 153 | _05/30/96 {Toilet rim, men, hospital (Control)

(=B (~0 [~ [~} (~F [~ [~} [~} [~} [=]

(7] [
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The written safety program was somewhat difficult to review since there was considerable
overlap/use of programs/training between the hospital and the pyrolysis unit vendor. In general,
the hospital had a good written program while the vendor either was in process of writing various
sections or had yet to address needed documentation. A job safety analysis was essentially
impossible to conduct since only the loading of the conveyor was "routine” and it was done very
infrequently.

The hospital management was active and interested. Energetic vendor staff were willing
to make improvements. The pyrolysis facility was contiguous to hospital for minimal waste
transport but had separate, controlled entry and the facility was well maintained. However,
electrical safety needs attention, particularly the high voltage breaker panel with open space and
cover, unlabeled breakers, and <3 foot clearance in front. Highly flammable liquids/gases
(acetylene) should not be stored indiscriminately among the non-flammable storage cabinets and a
drench shower was unavailable despite the high volume of caustics and caustics piped overhead .

All of the required written OSHA programs were not readily available in work area. The
company relied heavily on the hospital for service/support in many of these areas. Documentation
of agreements and required annual training documentation was not obtained. A confined space
review of the pyrolysis unit is needed.

Overall, attention is needed in the personal protective equipment, respiratory protection,
lockout/tagout, and hot work permit (fire prevention) written programs. Appropriate training
records for all staff need to be established. The pyrolysis operator had a variety of personal
protection equipment (PPE) which was worn at different times throughout the work shift. The
PPE included a back brace, heat resistant gloves, latex gloves, face shield, a dust/mist respirator,
and a combination organic vapor/HEPA filter half face respirator. The respirators were not
properly maintained and were observed stored loose in a cabinet; one disposable respirator was
found on top of a vacuum attachment used to clean out the pyrolysis unit. Street clothes are
worn in the facility and there was no written requirement for steel-toed safety shoes. Employees

do not have to shower or change after their shift, though facilities are available in the adjacent
hospital.

Air samples for VOCs were collected at a flow rate of nominally 15 cc/min for 5 hours,
next to pyrolysis unit number 1, between pyrolysis units number 1 and number 2 and at the back
of pyrolysis unit number 2 in the shop area. Several VOCs were observed at the facility, but no
OSHA permissible exposure limits (PELs) or ACGIH threshold limit values (TLVs) were
exceeded. The highest concentration VOC found between the units was phenol at 1.7 pg/m’ and
in the shop area was decanal at 16 pg/m’.

Aldehyde air samples were collected at a flow rate of nominally 120 cc/min for 6 hours,
next to pyrolysis unit number 1, between the pyrolysis units, and at the back of pyrolysis unit
number 2 in the shop area. The aldehyde results indicated concentrations of formaldehyde in the
range of 0.08 to 0.18 mg/m’ as compared to the OSHA PEL of 0.94 mg/m® and the ACGIH TLV
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of 0.37 mg/m’ (ceiling limit). Acetaldehyde and acetone were also observed but at concentrations
of nominally 0.07 mg/m’, several orders of magnitude lower than the respective PELs of 360 and
2400 mg/m’,

Metals were collected at a flow rate of nominally 1 L/min for 6 % hours, next to pyrolysis
unit number 1 and between the pyrolysis units. The results of the metals sampling indicate
minimal levels (most are less than the detection limits), of the following metals, Be, Al, Cr, Mn,
Fe, Co., Ni, Zn, Cu, As, Se, P, Ag, Cd, Sb, Ba, T, Pb and Hg.

The indoor air quality evaluation of temperature, humidity, carbon dioxide (CO,), and
carbon monoxide (CO) indicated adequate indoor air during the sampling period.

The noise survey demonstrated that noise levels ranged from 66 - 81 dBA. The source of
the loudest noise (81 dBA) was a compressor in the shop support area. The noise levels next to
the pyrolysis units reached a maximum of 75 dBA near the pump/motor area attached to the unit.

After the pyrolysis section of the unit, the effluent gas stream runs through an air cleanup
system before exiting through the roof stack. The scrubber treats the air with neutralized liquid.
NaOH is used to neutralize the HC] gas and maintain the liquid pH between 6-8. The scrubber
liquid is replaced once a week. Used liquid is stored in drums-in the facility until it is hauled off as
waste. The solid waste exiting the units is mostly in the form of dust collected below the
pyrolysis section. Dumping the dust pan entails some exposure to the dust and bending and lifting
the collection pan. Improvements to the system that are being planned include a higher level pan
and a new dumping procedure. Waste that can not be pyrolized also falls into the collection pan.

The facility was breezy. The air velocities were somewhat variable so that most of the
readings consisted of determining a Jow and high velocity for the range over which the meter
needle swung. These measurement show sufficient air movement to easily exceed 20 cfm per
person.

None of the indoor aerosol measurements exceeded the TWA of 10 mg/m’ for particulates
not otherwise classified or even the outdoor air National Ambijent Air Quality Standard. The '
highest mass concentration found was 0.018 mg/m®. Based on these particle concentrations, no
problems can be diagnosed that need addressing.

Twenty (20) wipe samples were collected and processed immediately for the presence of
hemoglobin. Twelve (60%) of the samples were positive. However cleansers that may give false
positives were used, so these data are not reliable. The facility appeared clean and blood was not
seen dripping from the boxes.

A total of 50 surface samples and three controls were collected and processed for

Staphylococcus aureus and Escherichia coli using a surface wipe and direct plate. No S. aureus
was isolated from any sample, and E. coli was isolated only from a stained area on the edge of the
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Unit 1 conveyor. Other non-pathogenic environmental microorganisms, notably a variety of
Bacillus species, were isolated in the sampling and analysis process, but can be regarded as
inconsequential relative to assessing potential worker exposures to recognized human pathogens.
While the results in general show little waste contamination of facility surfaces, the E. coli isolate

does indicate that surface contamination may be present at any time, notably from leaking waste
boxes that could contain more virulent pathogens.

Thus, it is recommended that workers apply greater attention to routine cleaning and
decontamination, preferably on a daily basis, and that facility workers who load the waste boxes
onto the conveyors wear protective clothing such as gowns or lab coats. On several occasions
workers were observed loading the boxes onto the conveyors with latex gloves for hand
protection, but without protection of their street clothes. Without a protective gown or coat, a
leaking box could easily splatter clothing. Also, a uniform policy should be established and

enforced as regards the wearing of gloves to operate buttons and switches on the various control
panels of the pyrolysis units.

C.11 ADDENDUM TO PHASE 1 TRIP REPORT

As of September 1996, the pyrolysis vendor reports the following changes made after or
during, and, in part, due to the Phase 1 assessment. Some of the changes may have been planned
. before the assessment and implemented afterward as this is a relatively new, constantly upgraded
facility and treatment method. The following are changes that were reported to the assessment
team by the vendor:

a) The electrical deficiencies have been corrected.

b) Flammables are now stored in a flammable storage locker.

c) A safety shower will be installed shortly by the hospital.

d) The cart extension cord has been replaced.

e) The welder extension cord was replaced.

)] The missing 4"x4" cover plate has been replaced.

g2) An exit sign/light has been installed at the entry door.

h) An evacuation diagram has been prepared and posted.

1) Diamond signs have been obtained and placed on all barrels.

j) A base clamp has been installed on the acetylene bottle. ~

k) The hospital is installing mounts and signs for all fire extinguishers.

D The shutoff valve to the eyewash has been lockwired open.

m)  Personal protective equipment has been segregated from all other equipment.

n) All piping and chemical containers have been labeled.

o) A system to allow discharge of the scrubber blow-down water is being installed to
eliminate the accumulation of barrels.

p) The hospital has been informed of the need for a toeboard at the top of the steps
Jeading to the roof.

q) The vendor has hired a health and safety specialist to prepare the written
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respiratory protection program, electrical lockout/tagout program, hot work
permit program, and the program for permit required confined space, if needed.

r) Personnel now wear uniforms which will be changed and laundered daily.

) Arrangements are being made for showering and changing at the hospital before
workers return home.

t) The frequency of disinfection has been increased to once per day.

u) The compressor has been moved to the hospital’s boiler room.

In addition, the vendor stated that, over the three years the facility has been in operation,
there have been very few leaking boxes. Any wet or damaged boxes are repackaged by the
hospital staff. He also states that boxes are stacked on the floor only when there is no space on
the conveyors which usually occurs only after a weekend or unplanned maintenance. The project
team notes, that for the two days of this assessment, there were always boxes stacked on the
floor. However the assessment only covered two days and may not reflect the average status.

Improvements reported for newer units include access from the outside of the enclosure
for most maintenance, and automated residue removal.
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APPENDIX D.

STEAM AUTOCLAVE MWTF PERSONAL SAMPLER AND EXPOSURE REPORT

D.1 INTRODUCTION

The Medical Waste Tracking Act (MWTA) of 1988 defined medical waste as "...any solid
waste which is generated in the diagnosis, treatment, or immunization of human beings or animals
in research pertaining thereto, or in the production or testing of biologicals...". It categorized
potentially infectious or "regulated medical waste” into seven types: culture and stocks;
pathological wastes; human blood and blood products; sharps; animal waste; isolation wastes; and
unused sharps. Treatment was defined as "any method, technique, or process designed to change
the biological character or composition of any regulated medical waste so as to reduce or
eliminate its potential for causing disease.” The MWTA also had a destruction requirement that
regulated medical waste be "ruined, torn apart, or mutilated," so as to be unrecognizable and non-
reusable. Many of today's available technologies employ destruction as part of the treatment
process.

This year more than 500,000 tons of medical waste will be processed in the United States
prior to its ultimate disposal. Waste processing will be carried out at various "off-site”
commercial treatment facilities, or "on-site" at health care facilities, laboratories, or industrial
operations where the waste is generated. As the waste is transported, unloaded, treated, and
disposed of, workers can be exposed to a variety of potentially hazardous medical waste
components and treatment residues, to include biological and nonbiological aerosols, infectious
agents, toxic chemicals, and radioactive materials. They may also be at risk regarding a number
of safety related concerns including: injuries, noise, nonionizing radiation exposure, and duties and
equipment having poor ergonomics. At the present time there is a significant lack of information
on the identification, evaluation, and control of hazards associated with the treatment of medical
waste.

A recent survey identified 114 commercial medical waste treatment facilities throughout
the 50 states (Malloy, 1995). On average, such facilities operate two to three work shifts and
process up to 100 tons of medical waste each day. We estimate that the total number of medical
waste treatment workers in the United States easily exceeds 10,000. Thus, the CDC determined
that basic information on the current practices in MWTF should be collected.

D.1.1 Project Overview
The scope of the overall project encompasses all currently-available medical waste
treatment technologies, with emphasis on the identification, evaluation, and control of all hazards

associated with at least three different treatment systems. Hazards may include, but are not
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limited to: aerosols (biological and nonbiological), organic vapors, vapors and gases of biocidal
agents, nonionizing radiation, materials handling, and safety issues (sharps, ergonomics, etc.).

The project tasks can be broken down into 4 categories: 1) conduct literature and field
studies necessary to identify all currently-available disinfection systems for infectious waste; 2)
recommend three technologies and associated sites for field evaluation; 3) conduct on-site field
studies to assess worker exposures to the identified hazards using conventional and novel
industrial hygiene methodologies, conduct an assessment of biological contaminants contained in
the detailed study plan and experimental design, and evaluate facility engineering controls for
worker protection; and 4) providing a detailed and comprehensive final report. The final report
contains descriptions of all investigated treatment technologies, sampling and analytical methods,
facility health and safety evaluations, data analyses and risk assessments, evaluation of engineering
controls, discussion of results, recommendations to reduce worker exposures, and conclusions.

This research has several purposes, all of which are related to a better understanding of the
medical waste treatment occupation, and its potential health and safety hazards. The study
included the accumulation of a significant base of knowledge relevant to hazards identification,
potential routes of exposure, evaluation (sampling and analysis), risk assessment, and prevention
and control.

For the requisite field evaluations, two phases were planned. Each Phase 1 visit included
an industrial hygiene survey and safety assessment for identification of occupational hazards
(chemical and physical), potential treatment system emission points, and engineering controls.
The Phase 2 visit evaluated hazard exposures by conducting comprehensive personnel and area
sampling and analyses (as indicated by Phase 1 results) using conventional and novel industrial
hygiene practices for organic vapors, biological surface contamination, noise, and air quality
factors.

D.1.2 Technology Overview

Traditionally, incineration has been a method of treatment and destruction of hazardous
chemical waste, municipal solid waste, and pathological waste. It was logical that incineration
would be used when concern regarding infectious disease agents such as the AIDS and hepatitis B
viruses prompted the treatment of all medical waste and hence a new industry. Over the past
several years however, environmental pollution concerns have fostered the development of a
variety of medical waste technologies that are presently regarded as viable alternatives to
incineration. Such technologies include steam autoclave, microwave, pyrolysis and
mechanical/chemical disinfection. This report focuses on a steam autoclave facility.

Steam autoclave treatment combines moisture, heat, and pressure to inactivate

microorganisms. The process has been used for sterilizing medical instruments in hospitals for
decades, and the validation of autoclaving as a sterilization technique for medical equipment and
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supplies is well documented. Off-site commercial treatment autoclaves typically operate at 160°C
and 80-85 psi and can treat some 3,000 lbs per cycle.

Concern for medical waste treatment workers comes from the unique character of the
waste material and varying treatment technologies. Medical waste contains numerous chemicals
that are themselves hazardous to worker health, and the MWTF technologies have the potential to
generate others. Emissions from incineration have been extensively studied (US EPA, 1991).
Little has been done however to characterize the environmental emissions from alternative
technologies. Several types of health hazards are of particular concern in this respect: infectious
agents (blood-borne pathogens and others); hazardous drugs and chemicals; and non-ionizing
radioactivity. Routes of exposure can include skin, mucous membranes, inhalation, and ingestion;
with hazards present or generated during treatment as aerosols, particulates, fluids, and sharps.
The nature of the MWTF technologies can generate special concerns, such as exposure to non-
ionizing radiation. Other concerns include safety hazards and risks of injury related to lifting,
moving, slips, falls, machine guarding, and electrical problems. While significant hazard
information and statistics are available for "health care workers," medical waste handlers and
treatment workers have not been included in the data gathering. It is prudent to assume that
medical waste workers are at risk for the same occupational illnesses and injuries as health care
workers. -

D.1.3 Methodology Overview

Phase 1 of this project focused primarily on emissions, safety, controls, and biohazards. It
consisted of the following:

an industrial hygiene survey,

a comprehensive safety assessment,

identification of potential emission points from the treatment system or process,
area sampling for identification of target volatile organic compounds (VOCs),
area sampling for airborne metals,

area sampling for aldehydes,

noise and nonionizing radiation measurements,

identification and assessment of existing engineering controls,
preliminary respirable aerosol assessment,

the assessment of blood on surfaces, and

the assessment of microbial surface contamination.

The Phase 2 survey at each of the three sites focused (or will focus) on worker personal
exposure monitoring using primarily active personal samplers. Phase 2 sampling was planned to
consist of: :

] Personal monitoring for VOCs identified in Phase 1,
° Air quality monitoring (temperature, relative humidity, CO, CO,).
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® Personal monitoring for blood aerosol, and
® Area and emission point monitoring for microbial aerosols.

The actual sampling performed (or to be performed) was determined for each site based
on the Phase 1 assessments. No area sampling for VOCs was conducted during Phase 2, and no
metals sampling of any kind was performed for Phase 2. The Phase 1 results showed low
respirable particle counts, so no Phase 2 aerosol sampling was performed. Also a blood splash
protocol replaced the planned blood aerosol testing. Since medical waste can vary on a day to
day basis, sampling was conducted over two days. One shift per day was monitored. The field
team consisted of three people including an industrial hygienist, microbiologist, and environmental
sampling specialist. One of the three trips was made in the first year of the project.

Each of these areas that were actually performed are discussed in detail later in this report.
Details of the specific methodologies used are addressed in Appendices E-P.

D.2 CHEMICAL AND PHYSICAL EXPOSURE RESULTS

A Phase 2 field study focusing on personal exposures was conducted at the Medical Waste
Treatment Facility using the autoclave system on June 25-26, 1996. The Phase 1 results for this
facility are reported in Appendix A. This section contains the results of the industrial hygiene
survey relating to chemical and physical (noise) exposures. This industrial hygiene survey
included personal monitoring for volatile organic compounds (VOCs), ethanol, and formaldehyde.
Area samples were collected for methanol, n-propanol, and ammonia. A noise survey was
conducted and a noise dosimeter was utilized to collect a composite noise survey in the operator
control area. Additionally, an air quality monitor was used to obtain temperature, relative
humidity, carbon dioxide and carbon monoxide measurements.

It was originally planned to collect 5 personal samples on 5 workers over each of 2 days,
however, the facility had modified the work schedule to accommodate a reduction in the volume
of medical waste received. Some employees were working 12 hour shifts from 11 am. to 11 p.m.
or 12 p.m. to 12 am. To accomplish obtaining 5 complete shifts, it was necessary to change the
personal samplers from one employee to another when the shift changed. Two job titles,
Supervisor and one Laborer, required two employees from two shifts to share (trade-off) the
chemical sampling equipment. One job (Maintenance) was performed from 0500-1330, so the
first day of sampling only a 5 hour sample was collected. For the second day of sampling the
maintenance employee was outfitted with sampling pumps, badges and collection media by 0500
to enable collection of an 8 hour sample.

The results of the study demonstrate that the medical waste treatment workers at the
autoclave system have minimal exposure to most chemicals with the exception of formaldehyde,
where concentrations of 0.021 to 0.086 ppm were observed [the OSHA Permissible Exposure
Limit (PEL) is 0.75 ppm and the NIOSH Recommended Exposure Limit (REL) is 0.016 ppm).
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Additionally, a maintenance worker was exposed to brief episodes of ammonia at concentrations
exceeding 30 ppm (the OSHA short term exposure limit (STEL) is 50 ppm, the OSHA vacated
1989 STEL is 35 ppm, and the NIOSH REL and ACGIH TLV are both 25 ppm).

D.2.1 Volatile Organic Compounds

Volatile organic compounds (VOCs) were monitored in Phase II using the same
multisorbent cartridge method (Tenax TA, charcoal, and ambersorb) that was employed in Phase
1. The samples were collected at nominally 16 cc/min for 7-8 hours on 5 workers on each of 2
days. Several VOCs were identified and quantified (Tables D-1 through D-3). All of the VOC
results were less than OSHA PELs, NIOSH RELs, and ACGIH threshold limit values (TLVs).

D.2.2 Formaldehyde

Formaldehyde samples were collected using 3M 3720 passive formaldehyde badges.
Again 5 workers were sampled for 7-8 hours on each of 2 days. Formaldehyde concentrations on
the workers ranged from 0.021 to 0.086 ppm (Table D-4). The control sample taken on an office
worker was 0.04 ppm, higher than any plant workers on 6/26/96. The OSHA PEL for
formaldehyde is 0.75 ppm, the ACGIH TLV is a ceiling value of 0.3 ppm, while the NIOSH REL
is 0.016 ppm.

- D.2.3 Ethanol

Ethanol was measured using a direct reading passive Driger diffusion tube (part no. 81 01
151) with a detection range of 125-3100 ppm. Five workers were sampled for 7-8 hours on each
of 2 days. No ethanol was detected on any of the personal direct reading Driger tubes (Table D-
5). The minimum detection limit for an § hour sampling period is 125 ppm. The OSHA PEL,
NIOSH REL, and the ACGIH TLV are 1000 ppm for ethanol.

D.2.4 Ammonia

Ammonia was sampled using a direct reading Dréger tube (part no. 67 33 231) with a
detection range of 0.5 - 30 ppm. Samples were collected over nominally one minute using a hand -
held pump (n = 5 strokes). Five samples were collected on each of 2 days in the boiler room
adjacent to the autoclave processing area. High concentrations of ammonia (Table D-6) were
observed in the boiler room during the transfer operation of ammonia from the drum to the vat.
The ammonia transfer procedure takes about 1 minute to complete. On the first day of sampling,
the maintenance worker held his breath while he performed the transfer. The second day the
worker wore a full face respirator with ammonia cartridges while performing the transfer. The
ammonia Dréger tube indicated concentrations exceeding 30 ppm after 1 stroke on the pump
(requires n = 5 strokes). The OSHA short term exposure limit is 50 ppm and the vacated 1989
OSHA STEL is 35 ppm. The NIOSH REL and the ACGIH TLV is 25 ppm with a STEL of 35

ppm.

D-5



Table D-1. Personal VOC Sampling

6/25/96
RTVECD No.
Employee No.
Job Title
Afr Volume (L
VOC
concentration
(ug/m’)
Dichlorodiflucro- 53 104 45 61 51 ND 30
methane
Methyl ether ND* ND ND ND ND ND 23
2-Methylpropane 37 42 22 26 35 ND 58
Acetonitrile 39 34 ND ND 22 ND 1.1
Acetone 35 41 NC* 25 22 ND 1.1
2-Propano! 26 14 ND 6.8 9.3 ND 53
Carbon disulfide 37 22 8.1 25 23 ND 1.7
Chloroform 1.5 ND 36 ND ND ND 13
Benzene ND ND ND ND ND ND 1.5
Toluene ND ND ND ND ND ND 1.5
2-Furancarbox- ND ND ND ND ND ND 2.0
aldehyde
Ethylbenzene ND ND ND ND ND ND 1.5
m,p-Xylene ND ND ND ND ND ND 12
Cyclohexanone ND ND ND ND ND ND 1.6
o-Xylene ND ND ND ND ND ND 1.5
Styrene ND ND ND ND ND ND 1.5
2-Ethyl-1-hexanol ND ND ND ND ND ND 14
{Limonene ND ND ND ND ND ND 1.1

a LOD, Limit of Detection based on average volume of 7.4 L

b Not detected
e Not calculated due to interference




Table D-2. Personal VOC Sampling
6/26/96

RTVECDNo.
Employee No.

Job Title
Afr Volume (L

VOC (ug/m®)
Dichlorodifluoromethane 59 69 49 91 50

Methyl ether 3 12 11 5 13
2-Methylpropane 57 14 22 12 16
Acetonitrile NC ND* ND ND ND

Acetone 62 23 78 37 97

2-Propanol 77

Carbon disulfide 63 43
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Limonene

Not calculated due to interferences
b. Not detected
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Table D-3. Personal VOC Sampling Field Controls

Medical Waste
Trip 1, Phase 2
Field Control
Vinyl chloride 31
Chloroform )
Benzene 82
Trichloroethylene 73
Toluene 102
0-Xylene 100

Table D-4. Personal Formaldehyde Sampling

Date: 6/25/96
RTLECDNo. 4450 4451 4455

3M No. VC 05167 VC 05186 VC 04946
Employee No. 1 2 Field Blank
Job Title Maintenance Laborer
Sample Time (min) 354 450

Formaldehyde 0.032 0.065 0.086 0.070 0.074 <0.014
concentration (ppm)

4457 4459 4462
VC 04786 VC 04957 VC 04941
1 Control

Maintenance Secretary
480 375

Formaldehyde 0.021 0.033 0.021 0.038 0.034 0.040
_ concentration (ppm)




Table D-5. Personal Ethanol Sampling

Date: 6/25/96

RTLVECDNo.

Employee No.
Job Title
Sample Time (min)

Ethanol N/D* N/D N/D N/D N/D N/D
concentration

(ppm)

Date: 6/26/96
RTLECDNo. 4471
Employee No. 1
Job Title Maintenance
Sample Time (min 480
Ethanol
concentration (ppm) N/D N/D N/D N/D N/D
a. N/D not detected, no color change noted on Driger tube. The range of measurement for

an eight hour sample (980 minutes) is 125 - 3,100 ppm.
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Table D-6. Ammonia Sampling in Boiler Room

Ammonia
Sample No. | Date Location Concentration
1 6/25/96 | Next to ammonia drum during transfer >30 ppm
2 6/25/96 | Next to ammonia vat during transfer >30 ppm
3 6/25/96 | 6 ft. away from ammonia vat during transfer 0.5 ppm
4 6/25/96 | 3 ft. away from ammonia vat during transfer 1.0 ppm
5 6/25/96 | Next to ammonia drum after transfer 10.0 ppm
complete

6 6/25/96 | Floor drain near vat 2.0 ppm
7 6/26/96 | Far side of boiler <0.5 ppm
8 6/26/96 | 3 ft. away from ammonia drum 0.5 ppm
9 6/26/96 | Between ammonia drum and vat 0.5 ppm
10 6/26/96 | Floor drain near vat 2.0ppm
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D.2.5 Methano! and N-propanol

Methanol and n-propano] were sampled using a direct reading Driiger tube (part no. 26
112) with a detection range of 25-5000 ppm. Samples were collected over one minute using a
hand held pump (n = 10 strokes). Five samples were collected on each of 2 days in the autoclave
processing area and adjacent boiler room. No methanol or propanol was detected on the Dréiger
tubes used for area samples (Table D-7). The minimum detection limit of the method is 25 ppm
and the OSHA PELs, NIOSH RELs and the ACGIH TLVs for methanol and propanol are
200 ppm.

D.2.6 Noise

A noise survey was conducted using a Quest Sound Level Meter (s/n DL8110002)
calibrated with a Quest Calibrator (s/n J8100013). A Quest Micro 14 Noise Dosimeter (s/n
HMO0010038A), calibrated with Quest Model CA-12B Sound Calibrator (s/n U0010007) was
used to collect three integrated noise surveys at the control panel. The area noise surveys
(Figures D-1 and D-2) showed noise levels ranging from 70 to 100 dBA within the boiler room.
The loudest noise in the boiler room (100 dBA) was from a motor. The maintenance worker
indicated that it was not normally that loud and was in need of repair. The motor was coming on
intermittently.

Noise levels ranged from 69 to 97 dBA in the process area. The source of the Joudest
noise in the process area was the venting/blowdown of the autoclaves, where noise levels peaked
at 97 dBA. This noise lasted nominally 2-3 minutes and occurred once every 50 minute cycle on
each of two autoclaves.

A noise dosimeter was placed in the plant on top of the control panel. This area is located
in the middle of the room near most of the employees activities. Three separate noise surveys
were collected. The results (Table D-8) demonstrated that all three surveys had average noise
levels less than the OSHA PEL of 90 dBA (the average noise levels were 77.8, 81.3 and 73.9
dBA).

Company management has a hearing conservation program in place that requires
employees to wear hearing protection whenever working between the two autoclaves during the
ramping segment, when cleaning inside of the autoclave, and when removing debris from the
autoclave waste bins, and whenever the TWA exceeds 85 dBA. However, the boiler room was
not separately posted, not was the attendant wearing any hearing protection.

D.2.7 Total Dust Sampling

Phase I indicated no need to sample as the environment was not dusty.
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Table D-7. Methanol and n-Propanol Sampling

Alcohol
Concentrations
1 6/25/96 | Between autoclaves " <25 ppm
2 6/25/96 | Near bin washer <25 ppm
3 6/25/96 | Control Panel <25 ppm
4 6/25/96 | Large dumping ins <25 ppm
5 6/25/96 | Loading dock, near asphalt release <25 ppm
6 6/26/96 | Boiler room | <25 ppm
7 6/26/96 | On top of bins not yet autoclaved <25 ppm
8 6/26/96 | Near ZEP asphalt release drum <25 ppm
9 6/26/96 | Inside truck offloading cardboard <25 ppm
boxes

10 6/26/96 | Laboratory <25 ppm
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‘Figure D-1. Medical Waste Treatment Fadility .
Site No. 1 Autoclave
Noise Measured in dBA 6/25/96
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Figure D-2. Medical Waste Treatment Facility
Site No. 1 Autoclave
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Table D-8. Noise Dosimeter Results

Runtime 7 hr 41 min 16 hr 06 min Shr 17 min
Avg. Level 77.8 dBA 81.32dBA 73.9dBA
Max. Level 114 dBA . 133.5dBA 107.2dBA
% Dose 17.85% 60.86% 7.12%
OL Time" 0 14 0

* Overlimit time. Time over the limit of 115 dBA.
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D.3 AREA AIR QUALITY MONITORING RESULTS

Air quality measurements for temperature, relative humidity, carbon dioxide and carbon
monoxide were collected using a Metrosonics AQ-501 Air Quality Monitor (s/n 1228). The AQ-
501 was positioned on the control panel in the center of the processing area for 26 hours. One
additional sample was collected outdoors for reference. The indoor air quality measurements of
temperature, relative humidity, carbon dioxide and carbon monoxide indicated that adequate
outdoor (fresh) air was being introduced into the plant process area. The data (Table D-9)
demonstrates an average values of 79.4 °F, 53.5% relative humidity, 345 ppm carbon dioxide and
0 ppm carbon monoxide.

D.4 RESULTS OF PERSONAL MONITORING FOR BLOOD SPLASHES

Resuits from the Phase 1 evaluation indicated a risk for blood and body fluid splashes to
workers loading untreated regulated medical waste into the large treatment bins prior to steam
autoclaving. A splash assessment protocol was developed to collect samples for residual
hemoglobin from the upper torso area of the workers, in addition to residuals on face shields.
Upper body splashes were assessed using cotton patches in cardboard holders pinned to the front
and back of the workers' shirts. Following a work shift, the patches were assessed for visible
blood and processed using the hemoglobin detection method as previously described. Worker
face shields were wipe sampled prior to a work shift and then again at the end of the shift. Both
methods for sampling and blood detection are described in Appendix O.

Results of assessment of blood splashes on workers' clothes are shown in Table D-10.

. Seven workers were evaluated over two days, with blood detected visibly and confirmed by
hemoglobin testing on 2 of 6 sample patches from two workers. Results of assessment of blood
splashes on workers' face shields are shown in Table D-11. Of seven workers' face shields
monitored over the two days, two were positive for hemoglobin after the work shift. A moderate
amount of hemoglobin was detected on one face shield, while a trace amount was detected on
another.

The personal monitoring that was conducted to assess worker exposures to blood splashes
did confirm that workers in the facility who are responsible for the direct handling of the untreated
medical waste are at risk for bloodborne pathogen exposures. The test results also confirmed
visual observations of the waste loading or dumping operation that was conducted during the
Phase 1 evaluation where environmental splashes of blood and other fluids were noted. Based on
these results, it is recommended that, in the absence of engineering controls that fully automate
the waste dumping procedures, management enforce the wearing and proper use of personal
protective clothing and equipment, particularly face shields.
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Table D-9. Indoor Air Quality

Sample Dates 6/25/96 to 6/26/96
Location Control panel in
CO, average 323 ppm 345 ppm
OSHA PEL" 10,000} ppm 10,000 ppm
| RTI Suggested Limit 1,000 ppm® 1,000 ppm
CO average 1 ppm 0 ppm
OSHA PEL 35 ppm 35 ppm
Temp. average 79.2°F 79.4°F
minimum 78.4°F 70.5°F
maximum 80.6° 87.2°F
Relative humidity
average 51.8% 53.5%
minimum 48.0% 39.8%
maximum 57.8% 73.3%

' OSHA PEL is the Occupational Safety and Health Administration Permissible
Exposure Limit for an 8 hour workday.
1,000 ppm is the current limit adopted by the State of Washington.

D-17



Table D-10. Blood Splash Assessment of Workers' Clothes
at a Commercial Off-site Steam Autoclave MWTF

A Negative A
B Negative B Negative
ic Negative Ic  |Ciear Negative
D [Clear Negative D IClear Negative
E Not Done Not Done E Not Done Not Done
F Not Done Not Done F Not Done Not Done
2 A |Clear Negative 2 A |Clear Negative
B [Clear Negative B Clear, Negative
cardboard wet
Ilc |Clear Negative (o Clear Negative
D Clear Negative D |Clear Negative
E Not Done Not Done E ]Clcar Negative
F Not Done Not Done F IClear Negative
3A A Red swath 4"x |+++ 3A A ]Clcar Negative
{0.5"
B {Clear Negative B |Clear Negative
IC IClear Negative ic IClear Negative
D 12 red spots < [+++ D FClear Negative
jo.25"
E Not Done Not Done E Clear Negative
F Not Done Not Done F |Clear Negative
3B A |Clear Negative |3B A [Clear Negative
B |clear Negative B lClear nht
Ic Blotch faint  |Negative C  [Clear Negative
pink,patch
holder wet
D Clear Negative D [Clear Negative
E Not Done Not Done E |Clear Negative
F Not Done Not Done F lClear Negative
4 A {Clear 4 A Ile::ar Negative
B ICiar 1B ICiear [Negative




D
E Not Done Not Done Negative
F Not Done Not Done F [Clear Negative
SA A Clear Negative §5A A ]Clcar Negative
B Clear Negative B |Clear Negative
iC Sred spots < |+++ IC Clear Negative
0.25"
D 2red spots  |+++ D Spotof dirt  |Negative
<0.25"
E Not Done Not Done E {Clear Negative
F Not Done Not Done F- IClear Negative
5B A Clear Negative J§5B A IClear Negative
B Clear Negative B IClear Negative
ic Clear- one  |Negative IC Clear Negative
small wet spot
D Clear Negative D IClear Negative
E Not Done Not Done E lClear Negative
F Not Done Not Done F |Clcar Negative
0C12 |A Clear Negative JOCI A [Clear Negative
B Clear Negative B Clear Negative
oc2 A Clear Negative JOC2 A |Clear Negative
B Clear Negative B IClear Negative
oc3 |A [Clear Negative §OC3 A |Clear Negative
B Clear Negative B IClear Negative
{Blank Negative
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Cotton patches attached to workers' clothes, then removed and eluted into 25 ml FTA
Hemagglutination Buffer.
Hemastix Test Indicator Scale: +++ Strong, ++Moderate, + Small, ht hemolyzed trace,
N.M. Non hemolyzed moderate, nht Non-hemolyzed trace, Negative.
Three office workers were tested as controls.




Table D-11. Blood Splash Assessment of Workers' Face Shields at a
LCommercial Off-site Steam Autoclave MWTF

1 Negative [Negative otDone  |Not Done
2 Negative [Negative egative Negative
3A Negative |Negative egative ht

3B Negative [++ 3 visible blood JNegative ht

spots, 3 mm

4 Negative |Negative egative Negative
S5A Negative [Negative egative Negative
5B Negative |Negative egative Negative

! Gauze wipe eluted into 25 ml FTA Hemagglutination Buffer.
Hemastix Test Indicator Scale: +++ Strong, ++Moderate, + Small, ht hemolyzed trace,
nhm Non hemolyzed moderate, nht Non-hemolyzed trace, Negative.
The detection limit was 2.5 x 10° ml of blood eluted from the gauze wipe.
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D.5 RESULTS OF AREA MONITORING FOR BLOOD AEROSOLS

A single area, 6 hour air filter sample for blood aerosols was collected on each of the two
days and processed for hemoglobin as previously described. The samples were collected in the
waste handling area. Results are shown in Table D-12. Both samples were negative, indicating
that the waste handling process does not generate significant small airborne blood particles.
Rather, the greatest blood exposure risk is from blood splashes as discussed above.

D.6 RESULTS OF BIOAEROSOL EMISSIONS MONITORING

To assess the potential for infectious agents to be liberated from the steam autoclave
treatment process, bioacrosol monitoring was conducted during the treatment of indicator
organism spiked and non-spiked medical waste, at previously identified potential emission points.
Indicator organisms used included specific strains of Bacillus stearothermophilus and Bacillus
subtilis globigii var niger. The monitoring protocol is described in detail in Appendix P. Results
of the monitoring using Mattson-Garvin impactor and AGI-30 impinger bioaerosol samplers are
shown in Tables D-13 and Table D-14. Three potential emission points were identified: 1) above
the autoclave doors as they were opened at the end of the treatment cycle, 2) between the
autoclaves as steam was Liberated from a condensate drain, and 3) at the top of the compactor as
the treated waste was dumped and compacted.

Results from the M/G samplers were negative for the recovery of any indicator spores
from both the non-spiked and spiked treatment cycles. The AGI-30s however, recovered
indicator spores from both the non-spiked and spiked treatment cycles at all three locations. The
difference in results shows the value of utilizing two different types of volumetric aerosol
samplers. It also shows that in regard to the monitoring conducted, the results are inconclusive as
to definitively confirming or rejecting the potential for microorganisms to be emitted during the
steam autoclave process. The results suggest that within the facility are residuals of Bacillus
indicator spores on various surfaces, particularly as monitoring was conducted very close to
soiled surfaces such as near the floor between the autoclaves and at the waste compactor. It is
recognized that medical waste will contain these indicator spores from positive controls that are
run in hospitals to assess sterilization procedures.

While the data are inconclusive, it must be recognized that parametric monitoring of the
treatment autoclaves indicated proper functioning of each cycle relative to temperature, pressure,
and time, and that internal routine monitoring of the treatment process by the facility, using
biological indicators, routinely demonstrates sterilization conditions. Also, and perhaps most
importantly, the greatest potential for emissions from an autoclave is during the initial exhaust of
the chamber prior to pressurization. In the studied facility that exhaust is ducted to and run
through a carbon bed filter.
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Table D-12. Airborne Blood Assessment at the Waste Loading Area of a
' Commercial Off-site Steam Autoclave MWTF

Sample’ | Date Time Time | Flow Rate | Air Volume | Hemastix
Start Stor m’/min) { Sampled (m®) { Result
1 6/25/96 | 12:30:00 | 18:30:00 0.018 6.48 Negative
2 6/26/96 | 08:15:00 | 14:15:00 0.018 6.48 Negative

! Air was drawn through 25 mm, 0.45 micron Nucleopore Filters (SN 322375, Lot
819/933J239) at 18 liters per minute for six hours near the waste loading station. The filter
was then eluted in 25 ml of buffer FTA Hemagglutination Buffer and tested with Hemastix
for the presence of blood. The detection limit was 2.5 x 10" ml of blood eluted from the
filter.

Table D-13. Indicator Organism Recovery from Air Impactor Samples at a
Commercdial Off-site Steam Autoclave Medical Waste Treatment Facility

Colony Forming Units (CFU) Recovered

Bacillus stearothermophilus Bacillus subtilis var niger
Run 3 Run 3
Above 0 0 0 0 0 0
autoclave
door?
Above 0 0 0 0 0 0
‘lcomgactor’

Mattson-Garvin slit to agar samplers operated at 1 cubic foot per minute for 15 minutes.
Samples were collected on Trypticase Soy Agar (TSA) and were incubated at 55C for B.
stearothermophilus. Samples were collected on TSA with actidione and incubated at 35C
for B. subtilis var niger.

2 Two M/G were placed above the autoclave door and were operated as the door opened
after a treatment cycle. For run 1, autoclave number 1 was used. For runs 2 and three,
autoclave number 2 was used.

Two M/G were placed above the compactor and were operated during waste dumping and
compaction.

The autoclave was operated as usual.

The waste load was spiked with indicator organisms which had been placed onto 0.2 pm,
37 mm filters. Ten filters of each organism were placed on top of each of five loaded
treatment bins. The average spore count was 5.0 x 107 CFU per filter for B.

stearothermophilus. The average spore count was 2.3 x 107 CFU per filter for B. subtilis
var niger.
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Table D-14. Indicator Organism Recovery from Impinger Samples
at a Commercial Off-site Steam Autoclave MWTF

Colony Forming Units (CFU) Recovered

Bacillus stearothermophilus - Bacillus subtilis var niger

Run 1 Run 2 Run 3 Run 1 Run 2 Run 3
Non-spiked® | Non-spiked? Spiked® Non-spiked® | Non-spiked®

Above 18,2 18 13,1 1 1,1 3 00 9 0.0 16 0,0 0
autoclave
door

Between 5,1 44 0,0 0 3,0 40 0,0 8 0,0 1 0,1 2
autoclaves®

Between 0,0 5 0,0 0 0,0 0 1,1 16 0.0 1 0.0 6
autoclaves

Between 1,0 3 100 6 00 - § 0,0 6 0,0 4 100 0
autoclaves

Above 0,2 20 {0, 3 00 50 0,0 5 0,0 6 100 4
compactor*

Above 0,0 10 {40 O 00 25 0,0 1 0,0 1 jo1 1
compactor

! All glass impingers (AGI-30), 12 liters per minute for 10 minutes.

For run 1, autoclave number 1 was used. For runs 2 and three, autoclave number 2 was used.

2 Duplicate, simultaneous air samples were taken. Samples were taken above the autoclave door as the

door opened after a treatment cycle.

Three consecutive samples were taken between the autoclaves in the steam plume during treatment.

‘ Duplicate, simultaneous air samples were taken. Samples were taken above the compactor during

waste dumping and compaction.

The autoclave was operated as usual.

6 The waste load was spiked with indicator organisms which had been placed onto 0.2 pm, 37mm
filters. Ten filters of each organism were placed on top of each of five loaded treatment bins. The
average spore count was 5.0 x 10" CFU per filter for B. stearothermophilus. The average spore
count was 2.3 x 107 CFU per filter for B. subtilis var niger.

! Number of indicator organism CFU isolated from duplicate 0.1 mL impinger fluid plated onto TSA
(incubated at 55C for B. stearothermophilus), and TSA/actidione (incubated at 35C for B. subtilis).

' Number of indicator organism CFU isolated from filtering half of the remaining impinger fluid and
placing one filter on TSA (incubated at 55C for B. stearothermophilus), and the other on
TSA/actidione (incubated at 35C for B. subtilis). The CFU values shown for the filters are less than
or equal to the actual values.
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D.7 SUMMARY AND CONCLUSIONS

A Phase II field study focusing on personal exposures was conducted at the Medical
Waste Treatment Facility using the autoclave system on June 25-26, 1996. To obtain 5 complete
worker shift samples, it was necessary to change the personal samplers from one employee to
another when the shift changed. Two job titles, Supervisor and one Laborer, required two
employees from two shifts to share (trade-off) the chemical sampling equipment. One job
(Maintenance) was performed from 0500-1330, so the first day of sampling only a 5 hour sample
was collected. For the second day of sampling the maintenance employee was outfitted with
sampling pumps, badges and collection media by 0500 to enable collection of an 8 hour sample.

Although several VOCs were identified and quantified, all were less than OSHA PELs,
NIOSH RELs, and ACGIH TLVs. Formaldehyde concentrations on the workers ranged from
0.021 to 0.086 ppm. The control sample taken on an office worker was 0.04 ppm, higher than
any plant workers on 6/26/96. The OSHA PEL for formaldehyde is 0.75 ppm, the ACGIH TLV
is a ceiling value of 0.3 ppm, while the NIOSH REL is 0.016 ppm.

No ethanol was detected on any of the personal direct reading Driiger tubes. The
minimum detection limit for an 8 hour sampling period is 125 ppm. The OSHA PEL and the
ACGIH TLV are 1000 ppm for ethanol. No methanol or propanol was detected on the Driger
tubes used for area samples. The minimum detection limit of the method is 25 ppm and the
OSHA PELs and the ACGIH TLVs for methanol and propanol are 200 ppm.

High concentrations of ammonia were observed in the boiler room during the
approximately one minute long transfer of ammonia from the drum to the vat. On the first day of
sampling, the maintenance worker held his breath while he performed the transfer. The second
day the worker wore a full face respirator with ammonia cartridges while performing the transfer.
The ammonia Driger tube indicated concentrations exceeding 30 ppm after the first of five
strokes on the pump. The OSHA short term exposure limit is 50 ppm and the vacated 1989
OSHA STEL is 35 ppm. The ACGIH TLYV is 25 ppm with a STEL of 35 ppm.

The area noise surveys showed noise levels ranging from 70 to 100 dBA within the boiler
room. The loudest noise in the boiler room (100 dBA) was from a motor that was in need of
repair. Noise levels ranged from 69 to 97 dBA in the process area. The source of the loudest
noise in the process area was the venting/blowdown of the autoclaves, where noise levels peaked
at 97 dBA. The noise dosimeter results demonstrated that all three surveys had average noise

levels less than the OSHA PEL of 90 dBA (the average noise levels were 77.8, 81.3 and 73.9
dBA).

The indoor air quality measurements of temperature, relative humidity, carbon dioxide and
carbon monoxide taken at the control panel indicated that adequate outdoor (fresh) air was being
introduced into the plant process area. Average values of 79.4 °F, 53.5% relative humidity, 345
ppm carbon dioxide and 0 ppm carbon monoxide were obtained.
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The splash assessment protocol was used to collect samples for residual hemoglobin from
the upper torso area of the workers, in addition to residuals on face shields. Following a work
shift, the patches were assessed for visible blood and processed using the hemoglobin detection
method. Worker face shields were wipe sampled prior to a work shift and then again at the end of
the shift. Seven workers were evaluated over two days, with blood detected visibly and
confirmed by hemoglobin testing on 2 of 6 sample patches from two workers. Of seven workers'
face shields monitored over the two days, two were positive for hemoglobin after the work shift.

The personal monitoring, conducted to assess worker exposures to blood splashes, did
confirm that workers in the facility who direct handle the untreated medical waste are at risk for
bloodborne pathogen exposures. The test results also confirmed visual observations of the waste
loading or dumping operation that was conducted during the Phase 1 evaluation where
environmental splashes of blood and other fluids were noted. Based on these results, it is
recommended that management should ensure that the wearing and proper use of personal
protective clothing and equipment, particularly face shields, is enforced.

The area sampling for blood aerosols were collected on each of the two days in the waste
handling area. Both samples were negative, indicating that the waste handling process does not
generate significant small particle aerosols.

Bioaerosol monitoring was conducted during the treatment of spiked and non-spiked
medical waste. Indicator organisms used were Bacillus stearothermophilus and Bacillus subtilis
globigii var niger. Three potential emission points were sampled: above the autoclave doors as
they were opened at the end of the treatment cycle; between the autoclaves as steam was liberated
from a condensate drain; and at the top of the compactor as the treated waste was dumped and
compacted. Results from the M/G samplers were negative for the recovery of any indicator
spores from both the non-spiked and spiked treatment cycles. The AGI-30s however, recovered
indicator spores from both the non-spiked and spiked treatment cycles at all three locations. The
results suggest that within the facility are residuals of Bacillus indicator spores on various
surfaces. It is recognized that medical waste will contain these indicator spores from positive
controls that are run in hospitals to assess sterilization procedures.

While the data are inconclusive, it must be recognized that parametric monitoring of the
treatment autoclaves indicated proper functioning of each cycle relative to temperature, pressure,
and time, and that internal routine monitoring of the treatment process by the facility, using
biological indicators, routinely demonstrates sterilization conditions. Also, the greatest potential
for emissions from an autoclave is during the initial exhaust of the chamber prior to
pressurization. In the studied facility that exhaust is ducted to a carbon bed filter.

Thus, the major apparent source of risk to the workers is from blood splashes and the
main recommendation is that the use of protective clothing, including face shields, be carefully
enforced.
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APPENDIX E. MWTF SAFETY ASSESSMENT PROTOCOL

The safety assessment of medical waste treatment facilities recognizes that facilities and
treatment methods, materials treated, and staff will vary from site to site. Accordingly, the
protocol will be broad in scope but flexible to allow focus on specific detail as necessary. Three
main features will be reviewed: the material control and the engineering controls on the process

technology used to protect staff; the staff and their training including program administration; and
a sequential job safety analysis.

Initially the physical plant will be reviewed. A standard "OSHA Self-Inspection”
checklist will be used as the primary data collecting tool. RTI has added several sections to the
standard OSHA checklist, paniéularly a review of the bloodborne pathogen standard. It is
expected that not all parts of the checklist will be used at all sites. Because of the variability of
facilities and processes, some sections may be omitted or only selective items examined. To
supplement post-site visit data review, photographs of the facilies will be taken with
year/date/month noted on each. These photographs will be available to the project officer as
needed.

Staff training will be reviewed by a combination of selected records review and talks with
selected staff. Also, verification that required written programs and associated material will be
done. These items are included on the OSHA checklist.

Finally, an overall job safety analysis will be done evaluating each component of the
process. This will involve following the process from the "raw material” arrival through each
handling/process step, to final output. A job safety analysis form will be used. This will be done
during the actual processing operation.

At the conclusion, a site/process specific safety assessment report will be generated. The
report will note specific findings at each location. Also, generalized findings that can be applied
to all similar processes, will be noted.
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Radioactive Materials

O Is a program in place to eliminate radioactive materials from entering the waste stream?

O Are staff trained on procedures to do if a radioactive package is observed in the waste
stream?

O Is any radioactive material monitoring conducted to periodically verify that no radioactive
materials are present?

Is any area monitoring (e.g. film badge/TLD) for radiation conducted?
What instrumentation is available?

Has it been calibrated?

0O o a o

Are staff trained in its use?

Hazardous Materials Wastes

Is there a written program?

Is a program in place to eliminate hazardous/materials/wastes from entering the waste stream?
Are staff trained in procedures for control/cleanup of spilled waste?

Are appropriate supplies and equipment readily available?

Are chemicals, lubricating oils, etc. properly segregated and stored?

0O o oo aa

Are unused chemicals properly disposed?

Bloodborne Pathogens
O Is there a written exposure control plan? Does it include:
O exposure determination by job classification?
O methods of comﬁliance:
O general (either universal precautions or body substance isolation (BSI)?
O engineering and work practice controls?
O personal protective equipment?

O hbousekeeping?



O handling of regulated waste?
D Hepatitis B vaccination and post-exposure evaluation and follow-up?
O communication of hazards to employees?
O recordkeeping?
O pé'ocedure for evaluation of exposure incidents?
Is the exposure control plan accessible to employees?
Are engineering and work practice controls in place to minimize employee exposure?
O Are they in good working order? -
O Are they regularly maintained?

Is adequate personal protective equipment provided and is it used appropriately?

O Are handwashing facilities readily accessible? Are they used after removal of PPE?

O Are there adequate procedures in place for cleaning and decontamination of equipment and

o o a a

O

environmental and working surfaces that come into contract with blood or other potentially
infectious materials?

Is contaminated laundry containerized, labeled, and handled appropriately?
Is training provided‘ at the time of initial employment and at least annually thereafter?
Is the hepatitis B vaccine made available to all exposed employees?

Is a confidential medical evaluation and follow-up made immediately available to an
employee who experiences an exposure incident?

Are trainirig records kept, including the content of the training and qualifications of the
trainer? -

Is regulated waste appropriately containerized, labeled, and handled?

Is equipment decontaminated prior to servicing or repair?



SeLr-INSPECTION CHECK LISTS

These check lists are by no means all-inclusive. You should 8dd 10 them or
delets portions or ilems that do Not apply 10 YOour operations. However, carehully
oonsider each iem as you come 10 R end then make your decision.

o

RECORDKEEPING

o

s the required OSHA workplacs poster dispiayed in g promi-
nent iocation where all employses are Bkely © see X?

Are emergency lelephons numbers posted where they can
be resdily found in case of emergency?

Whers employses mgy be ©posed 10 any.toxic substances .

or harmful phrysical sgents, Aas approprists information con-
ceming empicyes access (o medical and exposure records,
and “Material Salety Dala Sheets,” ste., been posted or other-
wive mace readily avaladie 0 affected empioyees?

Ars signs conceming “Exliing from bulidings,” foom

capacities, floor loading, exposures 10 x-2y, microwave, or
other harmful radiation or subsiances posted where

appropriste?

is the Summary of Octupational Binesses and injuries posted
in the month of Febnary?

Are o occupational injury or nesses, sxcegt minor injuries
requiring only frst #id, being recarded &3 required on the
OSHA 200 fog?

Are empioyee medical records and records of employes ex-
posure o hazardous substances or harmiul physical agents
up-o-cuae?

Heve armengements been made 1 maintain requiced records
Some recorde must be meintained for ot lsast 40 years.)

Are opersting permits and records up-1o-date for such Rems
a8 slevaiory, air preseure tanks, iquefied petroisun ges nka,
oe.?

SAFETY AND HEALTH PROGRAM

L]
O o you have an active sefety and heakth program in operation?

0O & 0ne person cleardy responsible for the overall activities of
he safsty and health program?

0 Do you have & sefety commitiee or Qroup made wp of manage
ment and labor representatives that meet regulary and report

- - - inwriting on ks activities? .

O Oo you have a working procecurs for handing inhouse
empicyes complaints regarding safety and heelth?

O  Are you keeping your empioyees advised of the successhd

100 have made in assuring they will have a woripiace thet
is safs and healthtul?

MEDICAL SERVICES AND FIRST AID cmmes

O Do you requirs each empicyes 10 have a pre-empicyment
physical examination?

O s thers & hospital, clinic, or infirmary for medical care in prox-
imity of your workplace? )

O X medical and first aid facilties are not in proxdmity of your
woriglace, is at least one empioyes on each shift currendy
Qualified to render first aig?

Q Are medical personnel readlly avaliable for advice and con-
sutation on matters of employses’ health?

O Are smergency phone numbers posted?

O At & K eesly accesebie 1 each work aree, it
necessary suppiies avaliable, pericdicaly inspected and
replenished as needed?

0 Have first aid it supplies Deen approved by a physician, in-
dkxting that they are adequste for & particular srea or
W‘? o Ceom g0

O Are means provided for quick drenching or fushing of the eyes .
and body in arees where corrosive liquids or matwriels &9
hancled?
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0 s your local firs department well acqualited with your faciities,
s focation and specific hazards?

O ¥ you have & fre slarm system, i R corttfied &3 required?
O ¥ you have 8 fre slarm system, s R tested ot least anaually?

O ¥ you have interior stand plpes snd vahves, are they lnspectad
reguiarty? .

O ¥ you have outside private e rydrants, ore they Sushed &t
Jaast ONCO B YOU/ ANG 0N § FOULNG Preventive tnalktenance
achediie?

0 Are fire doors and shutters n good opersting condiion?

O Are fire doors and shutiers unobatructed and protected sgainst
obetructions, inchuding thelr counterweights?

O Are e door and shutier huseble ks bn place?

nmmmmmmmuw

weter pressure checkad weeidy/periodically as required?

O s the maintenance of autornatic sprinider systems assigned 10
respONBdie Persons Or 10 8 Sprinkier CONTACION?

O Are sprinkder heads protecied by metal Quards, when exposed *

© physica! damage?
O ls proper clearancs maintained below sprinider heads? .

O A porabie fire extinguishers proviied in adequate number
and type?

D Are fire extinguishers mounted in reaclly accessidile locations ?

O Are fire axtinguishers recharged reguiarly and noted on the In-
specion tag?

O Are employses pericdicaly nsthuctsd in 1 use of edinQuishars
ond fire protection procedures?

PERSONAL PROTECTIVE EQUIPMENT
AND CLOTHING

O Are protective goggies or face shiskts provided and wom whers
there s any danger of fiying pasticies or corrosive meterials?

O Are approved safety giasses required © be wom at all times
hmMthMdmmm-m
ebrasiong, contysions or bums?

O Are employess who need comective lsnees (glasses or cortac)
in warking emvironnents having hamiul eposures, required
fo wear oy approved sefety glessss, protective gogcies, OF use
Gther medically approved precautionaly procsdures.

Q Are protective gioves, aprons, shisids, or 0ther means provic-
od against cuts, corrosive Squids and chemicals?

O Are hardt hats provided and wom whers danger of falling cb-
jocts exisns?

ommmwmhwuu“
and supersion sysem?

O |s appropriste kot prowction requirsd whers 1hers is the rigk
of foct injuries from hot, corrosive, polsonous substances, fal-
ing objects, crushing o penetrating actions?

O Are approved respirston provided for reguiar Or emergercy use
where nesced?

0 s of promctive aquipment maitained in & sankary condition
and ready for use?
O Do you heve eye wash faciities and a quick Orench Shower

within the work 8ree where empioyess 4r% exposed 10 injurious
m«w«!ﬂl‘?

O Where apecial equipment is needed lor electrical workers, s
& evelabis?

D Whare Linches are eaten On the premises, are they seten n
areas whare $here is no sxposure 10 1OxiC materials or other
hoelth hazards?

ﬁhmqﬁ-umuwmw
provided when sound leveis exceed those of the OSHA noise
standard? .

O Are adequate work procedturet, protective clothing snd equip-
ment proviced end used when cleaning up spilled XK or other-
wise hazardous materials or quics? )

GENERAL WORK ENVIRONMENT cnsssmsmen -

O Are al worksites cleen and ordery?

O Are work surtaces kept &y or apprepxists means ken b aseusTe
the suriaces e slipresistart?
© Are of splied materizis or Bquichs cleaned up immediately?

0 b combustble srap, daixs and waste stored selfsly and remow
od from the workaits prompty?

C Are sccumations of combustibie dust routinely removed from
slovaiad suriaces including the overhead structure of buildings,
”"e.?

O s combumtidie dust cleaned up with § vacuum system © pre-
vort the dust going ino suspension? A

O b metafic or conductve dust prevermied from entering or a0
Cumuisting on or around siectrical enclosures o equipment?

nmmmmmuhmum
waste?

O Are all of and gas fired devices squipped with flarme lalure con-
tols hat wil prevent flow of fusl 7 plots or main bumers are
not working?

O Are paint sprey bocths, dip Wanks, ., Cleaned regularly?
0 Are ®w minmum aumber of Kilels and washing acitties
provided?

0 Are afl wlists andd weshing fuciities clean and sanlary?
O Are off work sress adequetely Burninated?
O Are pis and floor apenings covered or Otherwise guarded?



O Are aisies and passagewsys kept clear?
Q Are aisles and walkways marked as appropriate?
0 Are wet surfaces coversd with non-slp materials?

0 Are hoiss in the fioor, sidewsk or ather walking surtace repeired
property, covered or otherwive made sefe?

0 e there safe clisarance or waiking in aisies whers motortzed
or mechanical handkng eQuipme—t is eperating?

O Are materiais or equipment sored in such & wey t\at shap pro-
joctves wil nct interfere with he wakway?

O Are wpiled materisls cleaned up immediately?

O Are changes of direction or elevetions reacily identifiabie?

O Are aisies Or walkways that pass near moving or operating
machinery, weiding operations or similar cpergtions amanged
80 empioyeses will nct be subjecied to potential hezards?

] hmmmuum-mdwu
or wakway?
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faces are ehevated more than 30 inches above any adlacent
fiocr or the ground?

0 Ace bridges provided over conveyors and similer hazards?

FLOOR AND WALL OPENINGS

O Are foor cpsnings guarded by a cover, 8 guardral, or equivelent
on sl sides (excopt &2 enlrance ©© stsirways or ladcers)?

O Are wetoards instatied around the edges of permenent ficor
opening (where persons may pess beiow the opening)?

O Are skyfight screens of such construction and mounting that
ey wil withstand & load of at leest 200 pounds?

O 1 Do glass in the wincdows, doors, glass walls, ek, which are
subject o human impact, of sufficiert thickness and type for
the condltion of use?

O Are grates or simiiar type covers over floor Openings such es
ficor drains, of such design that foot Yafik or roling eQuipment
will not be sffected by the grate specing?

O Are urused portions of service pits end pits not actually in use
either coversd or protecied by guardralie or equivalent?

O Are manhale covers, Yench covers and simiiar cowrs, phus thalr
supports designed 10 carty 8 ruck reer axde load of o isest
20,000 pounds when focsied in roadweys end subject 1© vehi-
cls traffic?

0 Are floor o wall openings in fre resiative corstruciion provided
whth doore or covers compatiis with e fre rating of e sino
e and provided with sell closing feature when appeoorists?

wieanid AND STAIRWAYS cunmessesessmenans

O Are stanciard stair rade o handrais on ol stairways having four
or more risers?

O Are af stairways ot loaxt 22 Inches wide?

O Do stairs have at leest 2 §'8™ overhead clearance?

) Do atsirs angle no more than 50 and no less #an 30 degrees?

Q Are stairs of holow-pan type reads and landings fled K no-
ing tevel with s0id material?

O Are step risers on stairs uniform from top o bofiom, with no
riowr spacing greater han TVh inches?

0 Are steps on stalrs and stairways designed or provided with &
surface thel renders them sl resistant?

O Are stairway hanciralls located between 30 and M inches above
e loacing ecige of stair teeds?

3 Do stairwey handrals have & least 114 inches of clewrance be-
twoen the handralis and the wal or surface they Irs mounted
on?

ommmmammawam
“pounds, sppiied in any direction? '

0 Where stairs or stairweys exit dicecty into a0y arsa whene
wehicies may be opersisd, are adequats barriers and wamings
provicied © prevert smpioysss stepping into the peth of iraffic?

© Do stairway lsndings have a dimension measursd in the direc-
fon of revel, &t leest equal ® the wicth of the sairway?
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fost or less?

ELEVATED SURFACES

Q Are sigre posted, when spproprists, showing the elevated sur--
face load capecity?

Q Are surfaces slevated more $an 30 inches above the fioor o
ground provided with standard guardrale?

Q Are all slevetsd surfaces (beneath which pecple or mechinery

could be exposed 1 faling objects) provided with standard
&dnch tosbosrds?

Dhommdmmwwﬁ
oleveled storage and work surfeces?

s required headroom provided where neceseery?

O s materini on eslevated surfaces plled, stacked or racked in 8

marner 1 prevent & fom tpping, faling, cotlepeing. roling or
spreading?

O Are dock boards or bridge pisies used when Yransterring
materials between docks and wucks or rall cars?



O Are af &xs marked with an @ sign and Buminated by 8
tellable gt source?

O Are the dirctions 10 exks, when not immediately spparent,
markad with vieble eigns?

O Are doors, passageweys O stakrways, tThat are nelther exits nor
sccess 10 &xits and which could be mistaken for exits, 8p-
propristoly marked “NOT AN BXIT,” “TO BASEMENT,”
“STOREROOM,” oe.?

O Are axit signs provided with the word “BXJT™ i letiering of lsast

§ nches high end e stroks of the leflering at leest Wdnch

wide?
D Are exit doors side-hinged?
0 Are afl @ity lact free of pbetructions?

D Ars &t loast two meene of egress provicded from elevetad piat-
forms, pits or rooms where the absencs of & second ext would
Increase the risk of injury from hot, polsonous, corrosive, -
focating, flammable, or expiosive substances?

0 Are thers aufficent exis ©© permit prompt escape in case of
emergency?

O Are special precautions taken 0 protect empioyees during con-
struction and repeir cperations?

D s he numder of exits from each foor of & bullding and the
number of exits from the buiding baelf, appropriste for the
buikfing occupancy bbed? :

O Are &R stairweys which ars required © be separated from other
parts of a buksng, enciosed by at lsast 2-hour fire-resistive con-
struction In buidings more than four stories in height, and not
foss han 1-howr fire-resistive constructive elsewhere?

O Where ramps are used 28 parnt of required exlting from a
Suilcing, s the ramp siope frnited 10 1 & vertical end 12 &
horizonal?

O Where exiting will be Syough frameless plass doors, glass exit
doors, slonn doors, o1, 8re $he doors fully tempered and meet
the sfaty requirements for human impect?

EXT DOORS

O Are doors which are raquired 10 serve 88 exiis designed and
constructed 80 thet the way of &t revel is obvious end direct?

0 Are windows which could be mistaken for exit doors, made in-
scoessbis by means of barriers or ralings?

O Are axit doors cosnable from the direction of exdt travel without
e use of & key or any special knowledge or effort when the
Buliing I8 occupied?

O s & revoiving, sikding or overhesd door prohibited from serving
28 8 required e door?

O Whery panic hardware is installed On 2 requined exk door, wil
8 allow the door © open by applying a force of 18 pounds o
lsss in e direction of e exit ¥affic?

Q Are doors on cold storage rooms provided with an neide reisess
mechanism which wil relsane v aich and apen e door even
§ s paciocked or ctherwise locked on he outside?

D Where exil doors open directly Onio any strest, afley or other
res whers vehicies mey be aperswsd, are aciequate barriers
nd wamings provided © pravent empioyees stepping into the
peth of Naffic?

O Are doors that swing in both directions and are bcated between
mooms whers thers is frequent Fraffic, provided with viewing
paneis in each door?

PORTABLE LADDERS mmeseesm—

O Are all lsdders meintained In good condition, oints between
seps and sice rals tight, of hardware and ftings securely &-
fached and movesble parti.operating freely without binding or
uncue play?

O Ars nonalip safety fest proviled on each ledder?

0 Are nonv¢lip safety fest provided on sach metal or rung ledder?

D Are hadder nunge and stegs free of grease and ol?

O s 2 prohbitad 1 piace & incidier In front of doors opening ward
the ladder axcept when the door is diockad open, locked or
Quarded?

O s § prohbitsd 1o place ladders on boxes, barrels, or other
unstable bases 1o obtain additional height?

D Are ammployees inatructad 1o face the ladder when ascending
or descarching?

0O Are employees prohibiind from using tedders that are broken,
missing steps, rungs, or clsats, Hroken side rada or other laulty
squpment?

O Are empioyess instructed not ©© use the 19 stap of ordinary
Seplaciiors &8 2 sag?

O When poridie nung adders are upisd 1o Gain sccees 1 elevied
phatiorma, ocfs, eic., doss e lacider always exiend at leest
3 fost sbove the elevaind surface?

O s £ required that when portable rung or cleat type Indders e
used, the bese is 90 pleced that slipping wil not occar, or R
s flashed or gtherwise heid in place?

© Are portable metal leciders legbly markad with sigrs reading
“CAUTION™ - Do Not Use Around Blectricl Equipment” or
equivelent wording?

0 Are empioyses prohibited from using ladders as Quys, braces,
sikin, gin poles, O 10r OIWY AN Twsir INtencied purposes?

0 Are emgioyses etrucisd 1 anly aciust exiension ladders whie
stancing &t 8 bese {not whils standing on e ladider or from
8 position above the ladder)?



O Are the runge of ladders unikormiy spaced &t 12 inches, center
® corte?

HAND TOOLS AND EQUIPMEN Toam

D Are af tools and squipment (oth company and emplayee-
owned) used by employses &t their woriplace in good condion?

Q Are hand fools such as chisels, punches, eic. which deveiop
mushroomed heads during use, reconditionsd or replaced as
necessary?

0 Are broken or fractured handies on hammers, axes and similar
oquipment repleced prompty?

O Are wom or bent wrenches replaced reguisrty?
O Are appropriste hancies used on fles and simllar toois?

Q Are empicyees made aware of the hazards caused by fauly
©or improperty used hand tools?

O Are sppropriats safety glasses, face shisids, efc. used whie

using hand 1ools or equipment which might produce’ fying °

meistials or be subject 10 breskage?
O Are jacks checked periodicaly b assure they ar in good
- operating condition?
O Are ool handles wedged tightly In the heed of all Wois?

0 Are ol cutting edges kept sharp 30 the 1ol will move smoocthly
without binding or skipping? '

O Are toois stored In dry, secure location whers they won't be
tampered with?

O s eye and face protaction used when driving hardened or
tempered spuds or nais?

PORTABLE (POWER OPERATED) TOOLS
AND EQUIPMENT cemumemessmsmmmm——

0 Are grinders, saws and simiar equipment provided with ap-
proprisie safety guarde?

O Are power Woks used with the correct shisid, guerd, or attach-
ment, recommended by the manufscturer?

O Are portable cirtvisr saws equipped with guards above and
below the bese shoe?

O Are circular saw guards checked 10 sssurs they are not wedg-
od up, hus lsaving e lowar portion of the blade unguarded?

O Are rotating or moving parts of equipment guarded 10 prevent
physical contect?
O Are all cord-connected, slectricallycperated 1ols and equip-

ment effectively grounded or of the approved double insulsted
ype?
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sprockets, on equipment such a8 concrets mbars, &ir com-
pressors, okc.?

O Are portable fane provided with Al guards or screens heving
.openings ¥ inch or less? '

D s hoisting equipment svallable and used for §fting heavy ob
Jacts, and are hoist ratings and cheracteristics sppropriate for
he ask?

O Are ground-fauk circult intemupiers provided on afl emponry
slectrical 15 and 20 ampere ciraulls, used during periods of
construction?

O Are pneumatic and craulc hoses on power-cperated oois
checked reguiarty for detariorstion or damage?

ABRAS{VE WHEEL EQUIPMENT-
GRINDERS. = :

O s the work rest uaed and kept adusted 1o within K inch of the
whee!?

0 & the acfustable tongue on the P side of the grinder used
and kept adjusted 10 within % inch of the wheel?

O Do sice guards cover the spindie, nut, and fisnge and 75 per-
cort of the whes! dameter?

O Are bench and pedestal grinders permanently mounted?
O Are goggies or face shisids aiways worn when grinding?

Q s the meximum RPM rating of sach abrasive whesel compat-
ble with the RPM rating of the grinder motor?

0 Are fixed or permanently mourted grinders connected 10 their
olectrical supply system with metalic condul or other penna-
nert wiring method?

0 Ooes sach grincier have an ndviciual 0n and off control swiich?

O s each electricaly opersted grinder effectively grounded?

O Before new abrasive wheels are mourted, are they visualy i |
spected and ring testedt?

0 Are dust collectonrs and powersd exhausts provided on grinders
used in operations thet procce lerge amounts of dust?

O Are spiash guards mounted on grinders that use coolant  pre-
vert the coolant reaching empicyees?

O s cleanfiness meintained around grinders?

POWDER ACTUATED TOOLS e

D Are empioyess who operate powder-actusted 1oois trained in
thekr use and carry & velid cperatory ca?

O s esch powder-actustied ool stored in s own lockaed container
when not being used?



postad whan he 100l 8 deing used?
O Are powder-actustad tools lef unioaded urad they are actually
ready © be used?

O Are powder-actuated ools lnspecied for obstructions or defects
sech day betore use?

G Do powder-aciated ol operators have and use appropriate
personal protectve equipment such &8 hard hets, ealety
O00%es, sajety shoss and eer proteciors?

O s thers a aining program © et employses on s
methods of machine operstion?

O & thete adequats supervision 0 ensure thet ampioyees s
foiowing seie machine operating procedures? .

O Is there 8 reguis program of safety inspection of machinery
and equipment? .

0O s o) machinery and equipment kept clean and properdy
maintained? .

O s sutficient clesrance provided arcund and between machines
1 alow for safe aperations, set Up and servicing, materiel han-
ding and waste removal?

0 s squipment ard machinery secursly placed and anchored,
when necessary 10 prevent fipping o other movernent tht oould
resut in personsl infury?

O Is here & power shutoff gwitch within reach of the opersior's
position & esch machine?

O Can siectric power 10 each muching be locked ot for
maintenance, reper, Or security?

O Are the noncurrent-carmying metal parts of electrically operated
machines bonded and grounded?

0 Are oot-coeratad-switches guarded or smanged © prevent ec-
cidental actuation by personnel or fafing objects?

O Are manualy opersted vaives and swiches controling the
apergtion of squipment and mechines clearly Kientified and
eedly accossbie?

O Are of emergency stop Hutions colored red?

O Are all pufieys and Delts that ere within 7 lest of the foor or
working level properdy guarded?

O Ars all moving chaing and gears propecty guarded?

O Are spilesh guards mounded on machines that use coclant 1 -

prevent the coalart from reeching employeses?

O A metiods providec 19 protect the opersior and  other
emgioyees In the maching eres from harwrds creeted ot the
paint of operation, ingoing nip paints, rowting parts, fiying chips,
ond sparia?

O Are machinery guards sscure and s0 amanged that they do not
offer & hazard in ek use?

Dlwmnuumumm
do they protect the epereior’s hende?
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guerded by an enciosure thet Is inteviockad wth e drive
machaniam, 80 that fevolution cannct occur unises the guad

enciosures s In place, 90 guarded?

O 0o arbors and mandrels heve firm and secure bearings ond
are Dy free from pley?

0 Are provisions made © provent machines from aulomaticaly
oliring when power s restored after & power falure or
shutdown?

0 Are mechines caretruced 50 28 10 be free fom acessive vbre
flon whan the largest size ocl s mounted and An &t Al speed?

O ¥ mactinery & cleansd with compressed ok, s o pressure con
toled and personal protective equipment or other safegus s
wilized © prowct opersions and other worksrs from eye and
body injury?

. 0 Are fan bisdes protecisd with 8 Guard having openings no lrper

han W inch, when cperating within 7 fest of he floor?

O Are sens used kr ripping, exuipped with antidck back devices
and spreadens?

O Are rachel arm saws 50 amanged that the cuting head wil gerty

-"tum © e back of e tabis when relsased?

LOCKOUT BLOCKOUT PROCEDURES smaenen

O s af machinery or squipment capabls of movement, required
0 be de-energized or disengaged and blocksd or tocked-out
during Clesning, Servicing, adjusiing Or setiing UP OPeralions,
whengver required?

© Whaere the power dlsconnecting means for equipment doss not
tiso dlaconnect the slectrical contral circult

Are the approprists slectrical enciosures identified?

& meers provided © sasure the control clroull can aleo
be deconectsd and focked-out?

O & the lockingaut of control circults In Beu of locking-out main
power disconnects prohbited?

0 Are all squipment contral vaive handies provided with @ meers

for lockingout?

O Ooss e bckost procedurs mequire that stored energy
{mechenical, hydraulic, air, etc.) be released or biocked before
oquiprment i ocked-out for repeirs?

O Are appreprisis empioyees provided with indivicuslly keyed per.
sonal saisty locks?

Q Are employess mquired © leep pervonal control of thelr karyls)
whils they heve sefety locis In yse?

O ks R required thet only the employes eposed © the hazard,
*’aermudww
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Sy stempiing ¢ start up afler making sure no one s epPosed?



D Are employees natrucisd 10 Siways push the control dreult sicp
Hution prior ©© re-energizing the main power switch?

O le thers & means provided 10 identlly any or ol employess who
#re working on locked-Out equipment by thelr locks or sccom-
panying tags? .

O Are & sufficient number of accident preventive signs or Bags and
safsty padiocks provided lor any ressonably foresseadls repelr
omergency?

D When machine cperations, configuration or size requires the
operer 1o iseve his or her contral station 1 Install ools or pers
form other operstions, end that pant of the machine could move
B eccidentaly activitsted, s such slement mquired 10 be
separately locked or blocked out?

O In the evert that equipment or lines cannct be shut down,

focked-out and tagged, s & sede job procedure establshed and
tigidly fofiowed? . .

WELDING, CUTTING AND BRAZING cxeamuswen

O Are only suthorited and trained personnel permitted 10 Use
welding, cutting or brazing . squipment?. .

O Ooes sach operator have 3 copy of the appropriate operating

instructions and are they directed % folow them?

O Are compressed gas Cylindens reguiarly examined for obvious
sigre of defects, deep nuting, or leakage?

3 Is care used in hendiing and siorage of cyknders, salely vaives,
slie! vaives, 0., 10 prevent damage?

O Ars precautions taken 10 prevent the mixture of air or axygen
with flamymabie gRees, excect &f & bumer o In & standard torcin?

O Are only approved spparstus Qlorches, reguistorns, pressure-
reducing valves, scetylens Qenersiors, manifoiis) used?

O Are tyfinders kept awey from sources of heet?
0 Are he cyinders kgt awey from sleveon, stairs, o gargweys?
O 1 ) prohbited 1 use cylnders as roders or suppore?

O Are empty tyfinders appropriately marked and their vaives
closed?

0 Are sigrs reading: DANGER—NO SMOKING, MATCHES, OR
OPENUGHTS, or the equivaient, posted?

O A cyindens, cylinder vaives, coxpliings, regastors, hoses, and
aspparstus kept free of olly or gressy substances?

O Is care tkan nct 1 drop or strike cylinders?

O Uniess secured on special rucks, are reguistors removed and
vave-protection caps put in place before moving Cyfinders?

O Do cylnders without xed and wheels have keys, handies, or
non-acustabls wrenches on stem vaves when i service?

O A Iquefied geses stored and shipped vaive-end up with velve
wwrlhaha?

0 Are provisions mede 10 never crack 8 fuekgas cyinder vaive
fewr sources of ignition?

O Bolore & reguistor is removed, is the vaive cosed and gas -
fuieased from the reguistor?

O & red ussd 1o idertly the acetylens (and other fusi-gas) hose,
Oreen for axygen hoee, end black for inert gas and air hose?

O Are pressure-reducing reguisiors used only for the gas and
pressuree for which they ae intended?

© Is cpen ciraut (No Load)) voitage of are weiding and cutting
machines 88 low as possbie and not in exoese of the recom-
monded mits?

O Uncler wet conditions, are sutomatic controls for fecucing no
load volage used?

DbMdnmmmdem
Sions of portable machines checked perfodicely?
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C §s & required that electric power 10 the weider be shit off when
no one is In stendance?

O s sultable firs extinguishing equipment avalable lor immediaty
we?

O s the weider forbidden 10 6ol or loop welding slectrode cabie
around hié body?

O Ars wet machines Woroughly dried and tested befors being
used?

O Ars work arxd slectrodie lsed cables frequently inspected for weer
and darmege, and reiaced when needed?

O 0o mears kr connecting cable lengths have adequete
nsulation?

0 When the object 1o be wekied cannct be moved and fire hazards

camnct be removed, are shiside used 10 confing heat, sparks,
ond slag?

O Are fire watchers assigned when weiding or cutiing Is perform-
od In focations where 8 serous fre might develop?

O Are combustibie floors kegt wet, coversd by damg sand, or pro-
fecied by fire-resistant shigids?

O When floors are wat down, are personnel protecied from posel-
ble electrical shvock?

0 When welding ls dons on metal welis, are precautiors taken
0 protect combustibies on the other side?

O Belors hot work Is begun, are used drurns, barrels, ianks, and
other containers 0 thoroughly cisened thet no substances re-
mein hhat could expiade, ignite, or prockuce fodc vapors?

D b R required thet eye protection heimets, hend shiside and gog-
Olos meet appropriate standerie?

0 Are smploysss exposed 0 the hezards cresied by weiding, ot
fing, or brazing operations protecied with persoral protective
equipment and clothing?

O Is 8 check made for acequste vertiation in and where weiding
or ouming s performed?



L] WIen wongng i conmned Dieces, e environmental rmonitor.
fng fests Wakan and meens provided for Quick removal of weiders
in case of an emergency?

COMPRESSORS AND COMPRESSED

Nnm

O Are compresson squipped with precsurs reliel vaives, and
presausrs geuges?

O Are compressor air intaies installed and equipped 80 as 16 en-
sure that oy cleen uncommiaminaled ar enters the compressar?

O Are alr Rters batalied on the compressar intake?

0 Are compressors operated and lubricated in accordance with
nmcw'r

O Are safsty devices on compressed & Systerns checked
frequently?

D Before any repair work I8 done on the pressure System of a
compresscr, b the pressure bied off and the system locked-our?

0 Are signs postad © wamn of the automstic starting festure of
the compressors?

D le the belt drive system totally encicsed 1 provide protection
for the frond, back, top, and sides?

0O s & strictly prohied 1o direct compressed ar owerds g persan?

D Are empioyees prohibited from using highly compressed air for
cleaning purposes?

O Neompressed air b used for clesning off clothing, is the pressure
reduced t less tan 10 pei?

D When using compressad ar for cleaning, do empioyses weer
protective chip guardng and personal protective equipment?

Dhmwawmmmulw
ings of high pressure hase Ines where 3 connection falure
would creats 8 hazard?

D Belore compressed ak is used 1o empty containers of Squid,
s the sxde working pressure of e container checked?

£ When comoressed air Is used with sbrasive biast clesning
oquipmert, s the operating vaive & ype thet must be held open
menualy?

0 When compressed air is used 10 Inflate mto tiss, & & clipon
chuck and an inine reguisior presst 10 40 pel required?
© e 2 prohibited o use compresssd air 10 Cieen UP Or MOve com-

Bustiis dust I such action could omse the dust 10 be sspend-
od in he aF and cause & fre or explosion hazers?

COMPRESSORS AIR RECEIVERS o

0 le every receiver equipped with 8 pressure guage and with one
Of Mmore autamatic, spring-osded seiety valives?

O (s the total relleving capacity of the ssiety vabe capable of
preventing pressure in the receiver from exceeding the max-
fmum allowable working pressure of the receiver by more than
10 percant?

0 s overy air receiver provided with ¢ drain pipe and valve &l the
fowest paint for the removel of sccumuisted ol and water?

0O Are compressed ak receivers periodically drsined of moisture
and ol?

O Arw all sefety vaives tested frequently and at requiar intervaly
© dotermine whether they are in good operating condition?

O s there a current cperating plirmit used by the Division of Oe-
cupations! Ssfety and Health?

. O s the inlet of air receivers and piping systems kept free of ao-

cumylated of and carbonacecus maierials?

COMPRESSED GAS CYUNDERS e

O Are cyfinders with 3 wetsr weight capaclty ovar 30 pounda,
aQuipped with means for cONNECYNg & vaive protacior device,
Or with & COflar Or 19cess 10 protect the vaive?

O Are cyiinders legbly marked  cleadly idertify the ges
contained? :

O Are compressed gas cyinders siored in areas which are pro-

facted from extemal heat sources such as flams impingement,
interwe rediant hewt, electric arce, o high tempecature nes?

O Are cylindars loceed or stored in areas whers they witl not be
damaged by passing or fellng objects or subjects 10 tamper-
ing by umuthorized persons?

0O Are cylinciers siored or reneportad in 2 manner 10 prevent them
creating & hazard by Spping, talling or soling?

O Are cylinders containing iquefied fusl gas, stored or Farsporied
n & postion 30 that 1he sefety reliel device is always in direct
contact with the veper spacs in the cylinder?

D Are vaive protaciors aweys placed on cyfinders when the
oylinders are not In Use or connecied for uee?

Q Are o vaives closed off before @ cyinder b moved, when the
cyfinder s empty, and st the completion of esch job?
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sosion, general distortion, cracks, or &ty other defect that might
indicate & weskness or rendec R unfd for service?

O Does the periodic check of low pressure luelges cyinden I
chude 8 Close inspection of the cylinders’ bottom?

HOIST AND AUXILLIARY EQUIPMENT eswms

O Is sech overhead efectric holst equipped with g imll devics ©
ot0p the hook ravel at s highest and lowest point of sade revel?

O W3R each hoist automatically stop and hold any loed up © 125
percart of its rated load, & Is actuating force is temoved?

O 1s the rated load of sach hoist legidly markad and visbis O the

operator?
O Are stope provided at the safe limits of avel for troley hoist?

D Are the controls of hoist plainly marked © indicate the direc:
tion of travel or motion?

O Is sach cagecontrolied hoist equiped with an effective wam-
ing device?

0 Are close-fiting guards or other sultable devices installed on
hoist t0 assure hoist ropes wil be Meirdained in the shesve
groves?

O Are af hoist chains or ropes of suficient length 10 handle the

Al renge of movemnent of the application whie stil maintain-

ing two full wraps on the drum ot ol tinee?

O Are nip points or comact points Detween hoist ropes and
sheuves which are permanently located within seven feet of the
ficor, ground or working platiorn, guardsd?

Dthﬁmeammwmmmu
twistod?

O s &t prohidited to use the hoist rope or chain wrapped around
e load s 2 substitte, for & ¥ing?

0 b the operator instructed to svoid carrying loads over people?
INDUSTRIAL TRUCKS—~FORKLIFTS cnsmmmmsan

O Are only smpicyess who have been brained in the proper use
of hoists alowed 10 cpersis them?

O Are only trained personnel allowsd 10 operats industrial trucks?

0 s substantial overhead protective squipment provided on high
BR rider equipment?

O Are the required R truck operating rulss posied end enforced?

QO & directional lighting provided on each industrial truck thet
whmnmumzmmwm

foct of genersl ghting?

O Dows each Industrial tnuxck have & werming hom, whistis, gong,
or other device which can be clearly heard above the normel
mhhmmm
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vehicle © & compiets and saie 510p when Ry loade?

O Wil the industrial trucks’ perking brake effectively prevant the
vehicis from moving when ungttended?

0O Are industriel tucks aperating kn aress whers fammebie gases
©r vapors, or combustdie dust or igniabie fbers may be pre-
sont in he atmosphers, approved for such focstions?

O Are mokrized hand and hand/rider yucks 50 designed that the
brakes are appied, and power © the drive mokr shuts off when
the operaicr releases his or her grip on the devics that con-
tols e vavel?

D Are Indusrlal rucks with intemal combustion engine, operated
In buliings or enciosed sreas, carwiully checksed 1 ereurs such
aperations d0 not cause harmhil concentration of dangerous
Qases or fumnes?

SPRAYING OPERATIONS

O b sdequmts vertistion assured defore spray cperstions &re
started?

O s mechanical vertiietion provided when spraying operations is
done In enciosed aress?

O When mechanical ventiiation s provided during spraying opera-
ons, s 1 30 errenged St & wil not circuiale the contaminated

[
0 s the spray area free of hot surfaces?

O s the spray arse at least 20 feet from fames, sparks, cpenating
slactrical motors and other ignition sources?

O Are portable lamps used © Buminate spray arees sultable for
use In & hazardous focation?

O b sporoved respiratory equipment provided and used when ap-
propriate during spraying operations?

O Do saiverts used for cleaning heve 2 flssh poirt 1 100°F or
more?

O Are fire contral spriniier heads kept clean?

Q Are "NO SMOKING" sigrns postad in sprary asess, paint rooms,
paint booths, and paint storage erees?

O & e spray aree kept clean of combusthis residue?

O Are spray booths constructed of metal, masonry, or other
substargial noncombustibie material?

O Are sprey booth Soors and baffies noncombusthie snd sesly
clsaned?

O s Infrared drying apparatus kept out of the pray ares during
spraying aperstiorn?

O Is the spray booth compietsly ventlisted before using he dry-
ing spperatur?

O s he slactic drying spperstus properly grounded?

O Are ighting ures for speay booths locsied outsice of e booth
ond the bnterior ighted Brough sesied clear paneis?
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O Are befis and pulieys side the booth Mully enclosed?
O Do ducts have 8coess 6001 1o afiow clearing?
O Do a8 drying spaces have adequate ventistion?

ENTERING CONFINED SPACES

O Are confined speces thoroughly emptied of any cormosive or
hazadous substances, such as acikds or caustics, belore entry?

0 Are all ines B & condined space, containing inert, toxic, fam-
mable, or corrosive Materials vaived off and blanked or diecon-
necied and saperated belore erwry?

D Is R required hat af Impeliers, agitxtors, or other moving equip-
ment ineide confined spaces be lockad-out I they present a
haxara?

3 s sither natura! or mechanical ventistion provided prior t0 conv
fined space etry?

0 Are approprists mmospheric ieets performed 1o check for Ox-
yoen Geficiency, Kudc substances and expiosive concentrations
in the confined space before entry?

O & adequets Bumination provided for the work 1 be performed
in the confined space?

O §s the atmcsphers insice the confined spece frequently tested
or continuously monliored during conduct of work?

D & thars an assiogned sedety standy empioyes outside of e
confined space, when regquired, whoss sole responaibilty is ©
waxh the work in progress, sound an siam ¥ necessary, and
render gesistance?

D & the standby smployss sppropriztely trained and equipped
0 hancie an smergency?

O s the stancy smpioyes Or other empicyess prohbited from
enering the confined spece withait Melnes end relpiratory
oquipmert ¥ there s any Question a8 1 B causs of an
omengency?

D s approved respirsiory equiprent required I the stmosphere
fneide the confined speace cannct De mede acceptabie?

D & all portabie slecyical equipment used inside condined spaces
okher grounded and inmusted, or equipped with ground Gt
profection?

0O Belore gas weiding or bumning is started in s confined space,
are hoses checked kx lpaks, compressed gas botttes forbid-
den lnaide of the confined space, Krches Ightly only outside
of the confined sres and e confined eres tseied for an ex-
plosive stmosphere each tme belore a ighted rch s © be
aken ino the confined space?

O ¥ empioyess wil be using axrygen-consuming equipment such
48 salamanders, orches, Umaces, eic., in 8 confined epece,
hMﬁWbmmmm

oot by volume?

O Whengver combustion-ype equipmernt is used in 8 confined
Opece, 8re Provisions made 1 eneure the exhaust gsses &y
vented outside of the enciosure?

O bs sach confined space checked for decaying vegetation or
enimal metter which may produce methane?

O s he confined space checkad kor possible industrial wasty
which could contain iedc properties?

0 19w confined spece is beiow the ground end nesr srees where

motor vehicles will be aperating, s R possibie for vehicis &x-
heust or carbon moncxide 1 enter the spece?

ENVIRONMENTAL CONTROLS

O Are o work areas propady umineted?

0 Are empioyess rstrucied in proper frst air and other ermergency
procecures?

O Are hazardous substances dentified which may cause harm
by inhalation, ingestion, shin abeorption or contect?

D A empioyees aware of the hazards invoived with the various
chemicals they mey be Xpased 10 in their work efvironment,
such a8 ammaonia, chiorine, epaxies, caustics, e.?

O b employes ©xpoausre 1o chemicals in the warigiace kept within
acceptable levels?

O Can & lsss harmid method or producs be used?

O s e work aren’s ventistion system approprite for the work
being performed?

O Are sprey painting operations dane in sprey rooms or doots
oquipped whh en approprists exhaust system?

U s employse exposure ©© wekiing fumes controlied by ventis-
fon, use of respirators, EXPORUTe tme, Or Other Meene?

O Are weilders and ofher workers neardy provided with flash
shisids during welding operations?

O ¥ foridfts and other vehicies we used In bulkings or other
onciosed arees, are the cwrbon monoxide levels kept beiow
maxdimum acosptable concertration?

O Hes thers been 8 determination that nolss levels in the faciites
&% within acosptadie levels?

O Are steps being takan 1 use engineering controls 10 reduce
oxcossive noise leveis?

O Are proper precautions being taken when handing asbesics
and other frous materialy?

D Are caution ledels and signs used © warn of asbestos?

O A wet methods wsed, when practicable, 10 provent e -
mammmuuwm
hacardous materieiy?
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bis rather than dlowing or swesping dust?

O Are grinders, sawa, 8nd 0ther mechines that proc.oe reepirable
dusts vented 10 an industrial colecior or contrsl exhaust
oystem?

O Are sl local exhaust ventiaion systerns designed end operating
propecty such &3 air flow and volume necesenry for the applics-
tion, ducts not phagged or beks slipping?

O Is personal profective equiprment provided, used and meintained
whetever reqQuired?

D Are there written standerd operaiing pracedures for e selec-
mwmdwmw

O Ase restrooms and washrooms ket clean and sanitary?
O s o water provided for drinking, washing, and cocking potable?’
0 Ave all cutiets for water not sutable ky drinking clearty idertified?
O ; s e ; bnvbiatd bokore being
aseigned 10 jobs requiing heevy work?

D Ars employees lnstruciad in the proper manner of lifting heavy
objeca?

O Whers heat i a probiem. have al fxed work areas been pro-
vided with spot coolng or axr conditoning?

O Are employoes screened befors assignment 10 areas of high
hest 1 determine 1 thelr heaRth condition might make them more
susceptbile to heving an sdverss mection?

D Are smpioyses working on sireets and roadweys whers ey
e exposed 10 the hazards of rafic, required 10 wear bright
colored (raffic orange) waming vests?

O Are schaumt stacks and ok intakes 80 ocsied that contaminated

ok wil not be recircuisted within & duliding or other enclosed
on?

© s equipment producing ulkra-viciet radiefion property shiekdext?

FLAMMABLE AND COMBUSTIBLE

O Are combustibis scrap, debris and wasts materials (olly rege,
o) stored in covered metal receptacies and removed from the
workste prompty?

D s proper storage practiced 1© minimiza e risk of fire inchuding
aportansous cormbrstion?

O Are agproved containers and ks used for the slorage and
mummmw

O Are all conneclions on drums and combustbie iquid plping,
vapor and Iquid tght?

O Are all fammabie Iquids ket in closed containers when not
in uee (0.g. perts cleaning tanks, pans, o.)?

O Are buk drums of lemmabie Squids grounded and bonded
containers during dispensing?

D 00 storage rooms for flammabie and comibnatile Squids have
- shaalin.

U Do storage rooms for fammabie and combusidle iquids have
mechanical or gravity ventistion?

O s Iquicified petroleumn ges swred, handied. and ueed in oc-
Sardance with safe practioss end standards?

O Are no smoking signe posted on Squified petroleu ges tanks?

O Are Iiquified petroleum strage tends guarded o prevent
damage from vehicies?

O Arv &l soivert wasies, and Gemmatile Siquids kagt in fre-
Rsistary, coversd conteiners unill Sy are removed om the
worikaite? )

O & vacuuming used whwnever possie rasher then biowing o
Sweeping combustidie dust?

O Are finn separators placed betwesn containers of combustibies
or fammabiss, when stacked one upon ancther, © axsure heir
suppont and stability?

10 Are usl ges cyindens and oxygen cylinders seperaied by
distancs, fire resistant bartiers, etc. while in srage?

O Are fire sxtinguishers sslected and provided for the types of
materigls in arves where twy are © be used?

Class A  Ordinary combustibie material fires.
Clazs B  Rammable fquid, ges or greass fres.
Class C Energirec-electrical squipment fires.

D Are appropriam fre extinguishers maurtsd within 7S fest of o
side arves containing flarynable fiquids. and within 10 leet of
&y inside storage ares for such materiais?

O Are axtinguishers free from obetnsctions or blockage?

Q Are al axainGuishers serviced, maintained and tagged ot inter.
vais Nt 10 sxceed one year?

O Ars o extinguishers ily charged and in therr designated
places?
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iq heads 30 direcied or amanged that watsr will not be sprayed
into operating siectrical swiich boards end equipment?

0 Are “NO SMOIING” signs postad whers appropriats in erves
whare flgmmabie or combustible msterialy are used or siored?

O Are safety cans used for Slapensing flammabie or combustiie
Scqids of 8 point of yee?

O Are ol spilts of Rammabie or combtustible Iqukis clesned up
prormpty?

0 Are sorage nks adequstely vented 10 prevent the develop-
nent of @xcessive vecuum or preseure as & renuk of filng, ermp-
tying. Or gINoEphers WMperatae changes?

© Are siorage anks equipped with emergency verting thet wil
molieve excesshve interval pressure caused Dy fre expasse?

G Are “NO SMOKING™ Ades enforoed in aress iInvalving storege
and use of hezadous materiels?



HATARDOUS CHEMICAL EXPOSURE

. O Are empioyess trained in the safe hancling practices of hazar-
dous chemicals such a8 cids, caustics, ec.?

D Are empicyess swere of the powntial hazards involving verious
charnicals stored or used In the worlgiace such as scicis, beses,
caustics, epcdes, phenois, etc.?

O s employss exposure 1 chemicals kept within acceptable
lovels?

) Are oy wash fountaine and safety showers provided In arees
where corrosive chemicals are handied?

O Ars all containers, such as vets. 30rage ania, #ic., labeled as
© thelr contents, 6.¢., “CAUSTICS"?

O Are all employees required % use personal protactive clothing
and squipment when handling chemicals (gioves, sye protee
ffon, respirators, ete.)?

£ Are flarmmabie or faxic chermicals kapt in closed containers when
not in use? .

© Are chemical plping systerns clearty marked 28 10 thelr contert?

D Where conosive iquics are frequenty handied in open con
tainers or drewn from storage veseels or pipe ines., is adequaw
means rescly svadable for neutratzing or disposing of spills
or overfiows propedy and sefely?

D Heve standiard operating procedures been established and are
mmmmm»mw.

0 Whers needed for emergency use, are respirstors stored in &
convenient, clean, and sanltary locesion?

O Are respiratons imended for emergency use adequene for the

verious uses &r which they mey be needed?

Q Are empioyees prohbited from esting In aress whers hazer.
mmln_mﬂ

O b personal protective equipment provided, used and malrsined
whenever recessary?

0 Are there written standard aperxting procedures for the seiec-
flon and use of respirsiors where needed?

0 & you have & respirator protection program, are your ermployess
Fruirucied on the carrect usage end imiations of e respiratory?
Are the respirators NIOSH approved for this particuler applice-
Son? Are they reguiarty inspectsd and clsened, sanitized and

O ¥ hazarious subetances are used In your processes, do you
have & medical or biclogioal moniioring systam I cperation?

C Are you tamilar with the Threshold Uit Values or Permias-
bie Exposure Limits of airbome contaminants and phywical
ogents used In your workplace?

0 Have conwd procedures been insthuted for hazardous meterials,
whaete appropriste, such 88 respiraiors, ventiation gystems,
Aendiing practices, #%c.?

3 Whenever possbie are hazardous substances handed In pro-
porly designed and exheusted bocths or simiar locations?

D) Do yu use genersl diution or local exheust vertiation sysiems
10 conirdl dusts, vapors, ganes, fumes, Smoks, solvents or mists
which mey be genersied in your workplecs?

u‘mmmumam
from auch operstions as: Production grinding, bufing, spray
. Bainting. andlor vapor degraesing, and i & operating proparty?

© Do employess complain about dizziness, heedaches, Neuses,
ritazion, or cther faciors of dlscomiont when they uss soivents
or other chemicals?

© s thers 8 dermatits probiem? Do empicyees complain sbout
dryness, irtation, or sensitization of the skin?

O Have you considered the use of an industrisl hygieniat or en-
vironmertal health specialist 10 evaluats your operstion?

D ¥ hamal combusion engines are used, s carbon monaxide
kapt within acceptable lovels?

0 s vacuuming used, rather than blowing or sweeping custs
whenever possie for clean-up?

O Are matarisls which give off ixic asphyxiant, suffocsting or
ansethetic Asnse, stored in remote or isclated locations when
ot in uee?

HAZARDOUS SUBSTANCES
COMMUNICATION

O s here 2 st of hazardous aubstences wsed I your woriplace?

O 1s thers & wriien hazard communication program dealing with
Materiel Sufety Duta Sheets (USOS), labelng, and empioyee
aining?

O b esch container 1or 3 MAZAIOUS RDSENCY (8., vais, Dotties,
sorage enka, okc.) iabeled with product identlly and @ hezerd
warning (cammunication of the specific health haxards and
Plwsical hazards)?

D s fre 2 Material Safety Osta Sheet reacily svaliabls for each
hamardous aubetance used?



O® hers an employse training program for hazardous
sbetancas?

Does this program includs:

l:'(!) An explanation of what en MSDS b and how ©
Use and cbtain one.

0@ MSDA contents for each hazardous subestance or
class of substances.

O@ Esplanaion of “Right 1o Know.”

C ) ientification of whers an employes can see the
omployers writtan hazard communication pro-
gram and whery hazadous substances are pre-
et in their work arees.

C (5) The physical and heafih hazards of substances

i Bve work area, andd specific protective mesmures
10 be used. .

G Detals of the hazard communication program, i

mrrnbmhhbdqmn“
MSOS's.

D Do you specify compliance with OSHA for all contract electrical
work?

O Ars all smployees required 10 report &3 s00n @s practicabile any
obvious hazard 1o Bie or property cbeerved In connection with
slsctrical squipment or inss?

D Ars employess insthucted 1 maks preliminary inspections
ancfor appropriste ety 10 determine what conditions exist
before starting work on electrical equipment or nes?

O When elactrical equipment or Inss ore 10 be serviced, main-
fained or adiuated, are necessary Swilches apened, ocked-out
and @goed whenever possbie?

" O Are portable slectrical tocls and equipment grounded or of the
double insuigted type?

O Are slectrical appliances such s vacuum ciesners, palishers,
vending machines, oic., grounded?

O Oo sxtension cords being used heve & grounding conducior?
D Are mutiple plug sdaptors prohbited?

O Are grounc-tuft cireutt intermupters installed on each lemporary
15 or 20 wrpere, 120 woit AC ciroull ot focstions where ¢on-
struction, demnoltion, modificetions, slierations or excevetions
re being perforrned?

Q Are o wrporary cirtults protecied by sultabie disconnecting
owiches or plug connecions &t he jnclion with parmenent
wiring?

O Oo you heve sisctrical instalistions In hazardous dust or vagor
ereen? ¥ 50, do they mest e Nefional Becricl Code (NEC)
for hazardous locesions?

O h exposed wirng and cords wth irayed or deseriorated insule-
flon repaired or mpiaced prompty?

O Are faxbie cords and cables e of spiices or ape?

0 Are clamps or other securing means provided on Sexiie cords
or cables &t pluge, receptacies, fooke, equipment, etc., and Is
_hmmmﬂyhﬂhmr

O Are 8 cord, eable and cewey oannections intact and secure?

© 1 wet or damp bestions, are electrical ols and equipment
approprists for e use Or 10CRNON OF Otherwise protected?

O s e beation of slectrical power Inss and cables (overhead,
underground, underficor, other side of wels, #tc.) detsrmined
belore Agging, driling or simiier work @ begun?

O Are matal measuring lapes, ropes, handiines or simiar devices
wmm-ommnmmmm
ooukd came in contict with snergized parts of equipment or cir-
oull concuctory?

O s the uee of metal ladders prohiditsd in arves where the lad-
Ger or the person using he idder could come In contact with
ensrgized parts of equipmaent, fodures or circul conductors?

O Are al Seconnecting swilches and ciroult Sreekars labeied ©
indicawe their uss or equipment served?

O Are disconnecting means alwerys opened befors fuses ane
soplaced?

G Do of interior wiring systers inciude provisions for grounding
metal parts of electrical raceoways, equipment and encioures?

0 Are ol elactrical recoways et enciosures securely fasiened
in place?

O Are all enerpized parts of slectrical croulls and squioment
guarded againet accidental contact by approved cabinets or
enciosurys?

D b sufficient accees and working spece provided snd meintein-

od sbost ol slecrcal equipment © permit readly and sele cpers-
fors and mairntenerce?

O Are ol unused openings ncluding condult krociouts) in slee
ummmmmmm
phge or plxies?

0 Are electrical enciosures such as switches, receptacies, Junc-
%on boxes, eic., provided with tight-faing covers o plates?
© Are diaconnecing swikhes for slecirical motors in excess of
o horsepower, capebie of apening the circukt when the mokr
& In 2 stafied corcfition, whhout epioding? (Switches must be
horsspower retid el 1 or I esoees of the moKkx hp mting.J?

3 s low voliage protection provided in e contal device of matkry
mmawmwnmn
Jury from inadvertent sarting?



C s each motx disconnecting swilch oOr circult bregker located
within sigit of The mokr contral device?

O & each mokr beeted within sight of &s controler or the con-
roller disconnecing means capable of being lockad In the apen

position or s 8 seperse deconnecting means instalied in the
cirault within sight of the motor?

0 & e controller for each motor in excess of two horsepower,
saiad In horsepower equel 1 Or in excess of the rating of the
moor & serves?

0 Are empioyess who regrdarly work on or around energized elec-

ical equipment or Inss Instructed N the cardo-puimonary

resusciiation [CPR) methods?

O Acre srpioyess prohbiied from woridng elons on energized ines
or equipment over 800 vole?

O Are there wees in the warkplacs where continuous noiee levels
oxcoed 85CBA?

O b thers an ongoing preventive hewith program © educste
ermplryees in: s3fe levels of noise, exposures; sffects of noise
on thelr heatth; and the use of personal protacion?

O Have work sress whers noise levels maks voice communics-
ton between empioyess difficull been klertified and posted?

© Are noise ievels being messured using & sound level meter or
sn octzve bend anslyzar and records being kept?

O Have engineering controis been used 10 reduce SCeesive Noise
Tovels? Where engineering controls are determined ©© nct be
foasbie, are aciminigtrative controls (1.e. worker rotation) being
used 10 minimize incividual empioyee exposure 10 noles?

0O s approved hearing protective equipmernt (noise sienuating
devices) evaiadie 1o every empidyse working in noisy arees?

O Have you ried iscisting noisy machinery fram the rest of your
eperation?

O ¥ you use ewr protecors, ire empioyees properly fitled and in-
ncwed in their use?

O Are ermployses in high nolee arees ghven periodic sudiometric
Beting © ensurs that you have an effective hearing protaction
oystam?

FUELING

0 b} prohibited 1 fus! on intemel combustion engine with & flam-
fhatis quid whie the enging is running?

ommmmhm.muw
of spliage wil be minimal?

© When spllage acturs during fusiing operstions, s the spilled
fust weshed avey completely, eveporated. or other meansres
aken 10 control vapors before restarting the engine?

O Are lusi tank caps replaced and secured bekre slaring the
ongine?

O In lveiing operations, 8 there always metal contact between
the cordainer and the fusl ank?

ommmu.wmomnmw
of fuel?

O s 1 prohbisd © hancle or fransier gasclng in open conteinery?

O Are open iights. open flamaes, or sperking. or arcing equipment
prohbiled neer fusiing or transfer of lusl operations?

© ks smoking prohibited In the vicilty of fusiing cperations?

O Are fusiing operators prohibited In bulkfing or other enciosed
sreas that are not specifically ventisted lor this purpose?

5 Where fusiing or ransfer of fusl is done through a gravity fow
sysiem, ae he nazzies of the sellclosing type?

IDENTIFICATION OF PIPING
SYSTEMS.

Omwmh#dm:hcm.nm
or taps posted © slert empioyses that R b uneafe and not ©
be used for Grinking, washing or other personal use?

O When hazardous substances are traneporied through above
ground piging. is sach pipeling identified at points where con-
fusion could inroduce hazars 10 employess?

D When pipetines are identifisd by color painting, are f visible
parts of Be line 90 identified?

O When pipeilnec are ksentified by cokr peintix! bands or tepes,
are the bends or iapes located of ressonable interveis end &
each outiet, valve or connection?

0 Whan pipelines are identified by color, is the color code poswd
ot of lbcetions where conkusion could introduce hazards ©©
employess?

©J When the corments of pipeiines are identified by name or name
abbreviation, & the information readlly visbis on the pipe neer
oach veive or outie?

O When pipsiines carrying hazardous substances are identified
by Woe. are e tags constructed of durable materials, the
message carried clearly and permanently distinguishable and
are g8 Ingtaled &t each vaive or ouliel?

0 When pipsiines are heated by slsciriclty, stsem or ather exien
ael source, are sullable waming signs or iags placed t unions,
vaives, or ather serviceable pars of the systam?




MATERIAL HANDLING

L
O s fwre sale Clearance for equioment Syough sisies and
doorways?

O Are aisieweys designated. permanently marked, and kept clear
© afiow ynhindered passage?

O Are motorizad vehicies and mechanized equipment inepected
daily or prior 10 use?

O Are vehicies shut off end brakss sel prior 10 loeding or
vnioeding?

O Are containers of combustidies or fammabies, when stacked
whie being moved, WWWWMU
provide stabilty?

0 A coc b e plee] o whar ko kg
operations &re taking piace between vehicies and docks?

ommummtmmmm'

and ynioading operations? .

‘0 Are dock plates and lbeding ramgs constructsd and mairtain-
od with sufficient strength 10 suppart imposed lbading?

D Are hand trucks maintained in sele opersting condition?

O Are chutes equipped with sideboards of sufficient height 10 pre-
vert the materials being handied from falling off?

0 Are chustas and gravly roller sections Sy placed or secured
© prevert displacernent?

O At the deiivery end of the roers or chutes, &7e provisions made
© brake the movernent of the hanclied meteriais?

0 Are paliets usualy inspectad before being joaded or moved?

3 Are hooks with sefety teiches or other arrangements used when
hoisting materiais 9o that siings or load aftachments won't a0
cigenally slip off the hoist hooks?

D Are securing cheing, ropes, chockers or slings adequate for the
job © be performed?

T When holsting material or squipment, are provisions made ©
assure no one wil be passing under the suspenced bads?

O Are material safety data sheets avaliable ©© emgioyses hend-
ing hazardous substances?

TRANSPORTING EMPLOYEES AND
MATERIALS

0 Do empioyess who opersts vehicies on public thoroughfares
- have vaid operator’s lcenses?

D When seven or more employess are reguiarly Surepored in
& van, bus or truck, s he operator’s Scense appropriste or he
class of vehicie being driven? -

) s each van, bus or Iuck used feguisrly 1 Franeport employess,

oquipped with an adequate nurmber of eeets?

© When empioyess are Fanspored by truck, are provisions pro-
vided © prevent thetr lafing from The vehicle?

.BY VENTILATION

O Are whicies used © franaport empioyees equipped with lamps,
brakes, horme, mirrors, windshisids and fumn signais In good

0 Are transpont wehicies provided with handrals, sieps, stimups
Or similer dovices, 90 placed and erranged that employees can
exfely mourt or diermnourt?

Q Are smployee traneport vehicies equipped af ofl thnes with ot
foest w0 reliective type flares?

O s o M chargad fre extinguisher, In good condition, whth of leest
4 B:C ritng Mmaintained in each employes ranaport vehicie?

© When cutting tools or 1ools with sharp edges are carried I
passenger compartmenis of employee ansport vehicies, are
ey plsced I closed boxes or containers which are secured
in place?

" 03 Are eimpicysss prohidited from riding on 1op of any load which

can shift, pple, or therwiss become unetabie?

CONTROL OF HARMFUL SUBSTANCES

0 s e volume and veiocity of air In sech exhaust system suft-
clert © guther the dusts, fumes, mists, vapors or gases 10 be
controlled, and 1o convey them 10 8 sultable point of disposel?

O Are exhaust inlets, ducts and plenums designed, constructed,
and supporied © prevert collapee or falure of any part of the
oystam?

O Are clsan-out pores or doors provided et intervels not 10 exceed
12 o in ol hortzontal runs of exheust ducts?

D Where two or more cifferant type of operations are baing con-
toled Srough e same exhaust sysiem, wil the combination
of substances being controled, consthute a firs, expicsion or
chemical reaction hazard in the duct?

0 s sdequats makeup air provided 10 arees where exhaust
" gystsms are operating?

Q s e s0urce point for makeup air loceied 90 that only cleen,
fresh air, which s free of contaminaies, wil enter the work
ervironment? '

0 Where two or mare ventiation systems &re serving & work wee,
s thekr operation such that one will not offset the Anctions of
he other?

SANITIZING EQUIPMENT AND
CLOTHING

O Is personel protective clothing or equipment that employses are
sequired 0 weer or use, Of & type capabie of being cleansd
ensly and disindected?

O Are employess prohibiled from interchanging personsl protso-
Sve dathing or eqdpmend, uniess R has been praperly cleened?




materials fhat could be Injurious 10 eMpicyses, cleened anaror
decontaminated defore being overheuled or placed in storage?

0O Are employses prohbited from smoking or eating in any ares
where contaminates hat could be injurious ¥ Ingested are

present?

O When employeess ere required (o change from street clothing
inio protective ciothing, I8 & clean change room with separsts
storage fachity for stremt and protactive clothing provided?

© Are employses recuired 1o shower and wash thelr halr as soon
a8 possbie sfter & known contact has occurred with @

carcinogen?

0 When equipment, matarials, or other lems &re Wiken o or
removed from 8 carcincgen reguisied ares, is & done in 8 man-
ner that wil contaminate noneguiated sress or the external
ervironment?

D Where tree are mounted and/or infisted on drop center wheels,
Is & safe practics procechure posted and enforced?

O Where tres are mounted and/or inflated on wheels wih ot
1ims and/or retsiner rings. I8 8 safe practics procedure posted
ond enforced?

C Does sech tire inflation hose have & eipon chuck with ot least
24 Inches of hose between the chuck and an in-ine hand vaive

ond geuge?

0 Doss the tre inflation control veive automatically shutofl the air
fow when the vaive is released?

0 §s & tre restraining device such a3 & ¢age. rack or other effec-
v means used while inflating tires mounted on spilt rims, or
rims using retainer rings?

0 Ars employess strictly fordidden from taking 8 position dirscty
over or in frort of & We whils &'s being inflated?



Job Safety Analysis Form

Step
{Describe Action)

Hazards Involved With
This Process Step

Personal Protective
Equipment (PPE) and/or
Safety Aids Used

I

Suggested Changes to
This Step




APPENDIX F.

AREA CHEMICAL EMISSIONS MEASUREMENT PROTOCOL

F.1 INTRODUCTION

VOCs are expected to be components of medical waste and may be formed and emitted
during the treatment process. Thus there is a high potential for worker exposure to VOCs
although the nature and extent of this exposure are largely unknown. Emissions of gaseous and
particulate contaminants from medical waste treatment technologies have not been well
characterized. Therefore, data were not available for selecting target chemicals to monitor at the
waste facilities. To overcome this, the screening measurements described below were performed
to identify bazardous chemicals to better target the Phase 2 personal sampling. The
measurement parameters, sampling methods, and analysis methods used during the Phase 1
screening are summarized in Table F-1.

F.2 PHASE1 VOC SAMPLING STRATEGY

Again, the primary purpose of the Phase 1 testing was to develop the sampling protocols
for Phase 2. This included not only the identification of target chemicals for personal
monitoring, but it also involved selecting monitoring locations that accurately represented
chemical emissions from the facilities.

F.3 PHASE 1 VOC SAMPLE COLLECTION

Samples were collected over integrated time periods of approximately 4 to 6 hours
during one day at each facility. Using this approach, samples were collected over periods during
which the composition of the waste stream can be expected to vary. This is an alternative to
collecting many short-term samples for multiple batches of waste or for short periods during
continuous operations. Integrated samples over long time periods should contain representative
contaminants throughout the day even if the waste composition is varying. Actual sampling
locations were selected at each facility during the initial site visit with revisions as deemed
appropriate during Phase 1. The locations for the different types of facilities were as follows:

Steam Autoclave: (1) above the autoclave door, (2) in the room/building near the
dumpster (fugitive emissions), and (3) in the process area near the control panel.

Microwave: (1) in the bin wash area and (2 and 3) over both microwave units.

Pyrolysis: (1) next to one unit, (2) between the two units, and (3) in the shop area.



Table F-1. Measurement Parameters and Methods for Phase 1 Samgling

: Analysis
Sampling Analysis Method
Pollutant Method Reference Method Reference PQL*
Air Emission .
VOCs ' Multisorbent  Sheldon ~ GC/MS-full  Sheldon -1 pug/m”
cartridges (1993) Scan® (1993)
Metals Impingers EPA-29 GFAA,ICP NIOSH,
(Draft) EPA
Mercury Impingers CVAA NIOSH,
EPA
Formaldehyde,  Silica gel EPA-TO11 HPLC EPA-TO11 Sppb
other aldehydes DNPH
ketone
Hydrochloric Detector tube ASTM Colorimetric - 0.5 ppm*
acid D4490 .
Chlorine Detectortube ASTM Colorimetric - 0.2 ppm*
D4490
Particulate Respirable - Photometric - 0-200 mg/m’
matter Aerosol
Monitor
Liouid Eff
SVOCs Grab samples SW846 GC/MS-Full Method 10 ug/L
Scan 8270
Surface
Contam.
Blood _ Gauze wipes  Heinsohn =~ Hemastix - Semi-quant.
Microbial Swabs Various Various - _Qualitative

* Practical Quantitation Limit as defined in the analysis method unless otherwise indicated.

* Gas chromatography/mass spectrometry; in full scan mode for qualitative analysis and
quantitative analysis for tentative identification of non-target compounds.

© Based on historical RTI date; varies by analyte.

¢ Manufacturer's specification.



F.4 MULTISORBENT CARTRIDGE METHOD

During both Phase 1 and Phase 2 surveys, VOCs were monitored using a multisorbent
cartridge method. This method has been validated at RTT and has been used in our laboratory
for the analysis of thousands of air samples. Side-by-side comparisons with the Tenax sorbent
method during field monitoring showed good agreement between the two methods for the
nonpolar VOCs (Sheldon 1993, Sheldon and Keever 1994). In addition, the multisorbent
cartridge method demonstrated good performance for the analysis of the entire range of very
volatile, volatile, and polar VOCs that are not captured by other methods. Examples of VOCs of
concern that can be analyzed by this method are given in Table F-2.

VOCs were collected by passing air through multisorbent cartridges containing Tenax
TA, charcoal, and ambersorb (200 mm x 6 mm o.d., Envirochem, Kimblesville, PA). Sample
volumes of approximately 5.0 L were collected over a 4 to 6 hour monitoring period. For
analysis, VOCs on exposed cartridges were thermally desorbed then analyzed by gas
chromatography/mass spectrometry (GC/MS). During Phase 1, identification of unknown
sample constituents were performed using an electronic search of the NIH/EPA/MSDC Mass
Spectral Data Base (NIST library) and the Registry of Mass Spectral Library (Wiley Library).
Manual review of the data were performed to verify computer identifications and to identify
compounds not found using the computer ljterature search. A semiquantitative estimate of the
identified compounds were made using the total ion peak area for each compound and the total
ion response factor measured for toluene. A concentration estimate for total volatile organic
compounds were made using the same approach.

F.5 VOC TARGETLIST

Screening results for the VOC analysis at each facility were used to select a target list of
compounds for quantitative analysis. Target chemicals were selected based on their relative
abundance in the screening samples and reported health or irritancy effects. The final list of
target VOCs for each facility were submitted to the CDC/NIOSH Project Officer prior to the
comprehensive survey. '

F.6 ALDEHYDES/KETONES

Formaldehyde is a contaminant that may be emitted during the treatment of medical
waste. Low levels of formaldehyde have been reported in air emissions from a
mechanical/chemical treatment system. Formaldehyde as well as other volatile aldehydes and
ketones were screened for using a silica gel/DNPH (2,4-dinitrophenylhydrazine) method (US
EPA, 1988). Aldehydes and ketones were collected by passing air through silica gel cartridges
impregnated with DNPH (Waters Assoc., Medford, Ma). During sampling, aldehydes/ketones
instantaneously react on the cartridge to form the DNPH derivative. Sample volumes of 24 to 36
L were collected over a4 to 6 hour period. For analysis, the DNPH/aldehyde/ketone derivatives
were eluted from the cartridge with acetonitrile. This extract is then analyzed by high
performance liquid chromatography (HPLC). Aldehyde/ketones were identified by comparison

F-3



Table F-2. Examzle VOCs That Are Amenable to Analysis bx the Multisorbent Method

1,2-Dichloropropane . C,-Benzenes Bromoform
' 1,1,2,2-Tetrachloroethane C.-Benzene Isopropanol
Dibromochloromethane Methylene Propanol
Chloride '
Bromodichloromethane - Bromethane Butanol
cis-1,3-Dichloropropene Chlroethane Pentanol
1,1,2-Trichloroethane .Chloromethane Benzene
1,1-Dichloroethane Chloroform Toluene
1,2-Dichloroethene (Total) Trichloroethene Acrolein
trans-1,3-Dichloropropene Chlorobenzene Acrylonitrile
1,2-Dichloroethane ~ Ethyl Benzene Styrene -
1,1,1-Trichloroethane Dichlorobenzenes Vinyl Chloride
Carbon Tetrachloride 1,1-Dichloroethene Xylenes
Tetrachloroethen

Table F-3. Examzle Aldehyde/ketones to Be Analvzed During Phase 1 Screenins

Formaldehyde Acetaldehyde Acetone Acrolein
n-Propanal Crotonaldehyde p-Butanone n-Butanal
Benzaldehyde n- Pentanal n-Tolualdehyde n-Hexanal

F-4



of their chromatographic retention times with those of purified standards. Quantitation was
accomplished by the external standard method using calibration standards prepared in the range
0.02 to 15 ng/uL of the DNPH/aldehyde derivatives. Standards were analyzed and a calibration
curve was calculated by linear regression of the concentration and chromatographic data. A list
of aldehydes/ketones to be analyzed during Phase 1 screening are shown in Table F-3.

Only those aldehydes/ketones that were measured during Phase 1 screening were target
compounds for Phase 2. Personal sampling for target aldehydes/ketones were conducted at those
facilities where screening results were sufficiently high to suggest substantial worker exposure.
As with the VOCs, the list of target aldehydes/ketones and facilities for personal sampling was
submitted the CDC/NIOSH Project Officer prior to implementing the comprehensive survey.

F.7 HYDROCHLORIC ACID AND CHLORINE

Hydrochloric acid and chlorine are potential contaminants from mechanical/chemical
systems that use high concentrations of sodium hypochlorite or other chlorine based biocides.
To screen for the presence of these chemicals in air, length-of-stain detector tubes were used
(ASTM D4490, 1992). During screening, a known volume of air was drawn through the tube.
As air is drawn through the tube, a colorimetric reaction occurs; the concentration is read from
the demarcations on the tube.

F8 SEMIVOLATILE ORGANIC COMPOUNDS

For semivolatile organic compounds (SVOCs), chemical concentrations in the liquid
effluent rather than the air were measured. For SVOCs which are not readily volatilized into the
surrounding air, direct contact with or splashing of the liquid effluent is the most likely route of
exposure. Measurement of SVOC:s in the liquid was intended to provide information on the
potential for exposure to these compounds rather than direct exposure estimates. Data on SVOC
concentrations provide useful information on direct release of these chemicals into sanitary
sewer systems. Examples of the types of SVOCs that are amenable to analysis are given in
Table F-4.

The sample collection and analysis procedures were based on EPA methods for waste
samples. At each sampling location, a single composite 1 L effluent sample was collected in an
amber glass bottle. Sampling was performed over a 4 to 6 hour period that coincides with air
monitoring. Times for collecting individual composites were selected at each facility to capture
the expected variability in the waste samples. The samples were treated, preserved, and stored
as described in the EPA methods. Samples were extracted with methylene chloride and analyzed
by GC/MS using procedures consistent with EPA Method 8270 (U.S. EPA, 1986). As with the
VOCs, identification of unknown sample constituents was performed using electronic library
searches with manual verification of the data. Semiquantitative estimates of identified
compounds were made as described for the VOCs. If deemed appropriate by the CDC/NIOSH
Project Officer, screening results for the SVOC analysis at each facility can be used to select a



Table F-4. Examnle SVOCs Amenable to AnalE's bx EPA 8270

Naphthalene
p-Nitrotoluene
Pentachlorophenol
2,4-Dinitrotoluene
Benz(a)anthracene

Benzo(g,h,i)perylene

3,3'-Dichlorobenzidine

n-Propylbenzene 1,2,4-Trimethylbenzene ©-Toluidine
Z-Mcthylphcnol 1,3,5-Trimethylbenzene 2-Nitroaniline
1,3-Dichlorobenzene 2,4,6-Trichlorphenol Anthracene
1,4-Dichlorobenzene 2-Chloronaphthalene Fluoranthene
2,6-Dinitrotoluene  4-Bromophenylphenylether Phenol

Benzo(a)pyrene Indeno(1,2,3-cd)pyrene Chrysene
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target list of compounds for the Phase 2 comprehensive survey. Target chemicals would be
selected based on their relative abundance in the screening samples and reported health or
irritancy effects.

F.9 METALS SAMPLING AND ANALYSIS

The methodology used for Phase 1 metals sampling use the EPA draft method 29
sampling train for combustion source emissions (US EPA, 1986). Two area samples were
collected for metals analysis. The sample system incorporated a glass fiber filter followed by
two (2) impingers containing acidified peroxide solution for collection of aluminum (Al),
antimony (Sb), arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), chromium (Cr), cobalt
(Co), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), labile mercury (Hg*?), nickel (Ni),
phosphorus (P), selenium (Se), silver (Ag), thallium (T1) and zinc (Zn). Following the peroxide
impingers were two impingers containing acidified potassium permanganate for the collection of
elemental mercury (Hg®). The draft method has been evaluated extensively at RTI and other
laboratories, particularly for mercury species. In addition, the method has been used in the field
by a large number of industrial stack testing contractors. A miniaturized version of the sampling
train that incorporates midget impingers (1 - 2 L/min [LPM] sampling rates) instead of the
Greenburg/Smith impingers (approximately 30 L/min) was used. This miniaturized version has
also been exhaustively tested at RTI and elsewhere, especially for mercury compounds.

In addition to the analysis of particulate matter captured on the glass filter of the
modified Method 29 train, the two separate bulk incinerator ash samples were analyzed. RTI
has extensive experience with bulk ash analysis from coal fixed power plants and gasifiers and
municipal waste incinerators using a variety of digestion techniques for both volatile and non-
volatile elements. The digestion technique used for the Method 29 filter particulate matter is
also suitable for bulk dust samples.

The measurement of these resulting samples included graphite furnace atomic absorption
(GFAA) for As, Sb, and Se, cold vapor atomic absorption (CVAA) for Hg and inductively
couple plasma (ICP) emission spectrometry for the remaining elements. These methods are
described in adequate detail both in the NIOSH Manual of Analytical Methods (NIOSH, 1994)
and in EPA "Methods for Chemical Analyses of Water and Wastes" (EPA 600/4-79-020). In
addition, a 10-100 times improvement in sensitivity over the above methods may be obtained
using recently acquired instrumentation - inductively coupled plasma mass spectrometry
(ICP/MS). The technique was recently approved by EPA as method 200.8. -



APPENDIX G.
NOISE AND RADIATION MEASUREMENT

G.1 NOISE MEASUREMENT

Noise was measured at all facilities. A Quest Precision Sound Level Meter Model 155
was calibrated using a Quest Calibrator Model CA-22. Additionally, a Quest Micro-14 Noise
Dosimeter calibrated with a Quest Calibrator Model CA 12B was used to obtain an integrated
noise dose measurement. The Quest calibrators are calibrated at the manufacturer and then used
to calibrate the noise meters on site prior to and after every survey.

G.2 'NONIONIZING RADIATION

Nonionizing radiation was measured around those units utilizing microwave treatment
technologies. A Narda Microline Microwave detector Model 8200 with a Narda Microwave
Probe Model 8221 (calibrated at 2450 MHZ) was used to measure microwave radiation on the
outside surfaces of the microwave generators located in the interior of each of the two treatment
units where six 2450 MHZ units operate.



APPENDIX H.

ENGINEERING CONTROLS ASSESSMENT PROTOCOL

H.1 VENTILATION AND HVAC CONTROL DEVICES

Preparation for the Phase 1 screening of each site began with a study of site descriptions,
as available from the operators. This information along with knowledge of typical operation for
each type of disposal method allowed the site team to determint which engineering controls to
expect. For example, each facility was expected to have some type of ventilation system.
Exhaust hoods would be expected for stationary, frequent emission sources such as near the
openings to autoclaves. After potential source locations are identified, the engineer on the site
team identified those engineering controls that are in-place at the sites. Locations (especially
relative to the sources), types of controls, benefits of the controls, flaws in the operation (such as
leaks) were noted.

For control devices that include airflow (including the building heating, ventilating, and
air-conditioning (HVAC) and hoods), the vane anemometer was used to perform flow
measurements to determine if adequate airflow at sufficient velocities are maintained. Single,
central measurements of the air velocity or velocity traverses will be performed as appropriate.
Operating procedures that could influence the performance of the control devices were
investigated. For example, the investigator looked for sources of cross drafts that might prevent
contaminants from venting through hoods, or standard ducts, including room doors that might
open during the venting process or nearby movement of large equipment. When in-duct
measurements were deemed necessary and a port was available, the site team used a pitot tube to
take the velocity measurements. Temperature and relative humidity for the room air were
measured.

The airflow measurements determined if the HVAC is operating as designed as per the
systems schematics. The HVAC output were also checked against the ASHRAE standard for
indoor ventilation requirements. Since the ASHRAE standard no longer specifies a specific
industrial facility requirement, the minimum cited standard of 15 cfm will be used as a reference
point. ' ,
An attempt was made to determine if contaminated air from the disposal facility is being
vented to any other indoor location (such as entering the return air to a main air distribution
location). This was examined using the airflow measurements and the HVAC design.

Control devices that could create hazards of themselves were investigated in conjunction
with the hazard identification. For example liquid effluent drains from a high temperature
treatment unit could present a heat hazard while performing quite adequately to prevent worker
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contact with a hazardous waste stream. :

It was expected that the engineering controls would be adequately screened through the
initial survey, however, the data collected was correlated with the exposure assessment to
determine if additional data should be collected during the Phase 2 comprehensive survey. A
possible need for additional data would occur if a certain area is determined through the
screening measurements to have much higher than expected contamination levels, then the
controls would be reexamined.

H.2 OTHER ENGINEERING CONTROLS

As with the ventilation control evaluation, the evaluation of other engineering controls
such as machine guarding, handrails, lifting assistance, noise control, and workplace ergonomics
began with an evaluation of the site plan. The Safety Evaluation Protocol identified the areas to
be investigated.



APPENDIX L

RESPIRABLE AEROSOL SCREENING PROTOCOLS

Phase 1 included acrosol measurements to meet two needs: 1) provide a concentration
profile for the room, and 2) give approximate concentration levels to allow sampling times and
volumes to be set for the more intensive Phase 2 aerosol surveys. A PPM Inc. Handheld Aerosol
Dust Monitor was used for this screening. This real-time device measures total aerosol
concentration in the 0.3 to 2 um range. Larger particles are removed by absolute filters before
the sampling occurs. This size range does not cover the entire range needed for the
comprehensive survey, but highlights contaminated areas and gives approximate respirable
concentrations. This device measures up to 200 mg/m’ but can be used with a full scale reading
of 2 mg/m’; thus, this unit is adequate for a wide range of environments.

Measurements were also taken with the Laser Particle Counter (LPC) that measures
number of particles in 5 size ranges: up to 0.5 um, 0.5to 1 pum, 1 to S pm, 5 to 10 um, and 10-15
um. The following equation was used to convert the number of particles counted to a mass
concentration:

N Ve pp
Q:

Mass Concentration =

where: N, = Number of particles counted in the size range,
V; = Volume of particle based on average diameter for size range
pp = assumed average density for the particles,
Q = flowrate through sensor, and
t = time of sample.

The aerosol monitor measured concentrations near each identified potential emission
point and in several locations throughout the room. Measurements were taken in the regions
identified as worker breathing zones to begin to estimate worker exposure to acrosols. Since this
instrument works quickly, replicate measurements could be taken at each point. Measurements
were taken, when possible, both when the equipment was operating and during down time. This
meant sampling while the worker was loading a machine, when the machine was running, and
when the machine was opened. Each site had different requirements. The concentration in the
incoming ventilation air or outdoor air (if air supply was from outdoors) was taken.
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The results of this respirable aerosols survey were used to determine if there were hot
spots, such as areas outside the operators normal work space that might have contamination to
which other workers are exposed. This situation would have lead to additional, area sampling in
Phase 2 and identified additional engineering controls needs.



APPENDIX J.
BLOOD ON SURFACES SCREENING PROTOCOL

J.1 INTRODUCTION

The Occupational Safety and Health Administration standard under section 6(b) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 655 is to eliminate or minimize
occupational exposure to Hepatitis B Virus (HBV), Human Immunodeficiency Virus (HIV) and
other blood borne pathogens. Blood borne pathogen exposure can be minimized or eliminated in
a wide range of occupational settings where the potential exposure to such blood borne
pathogens exist. Workers who routinely handle the collection, transport, treatment, and disposal
of regulated medical waste are at risk of exposure by direct contact with blood on contaminated
surfaces from spills or ruptured containers directly onto open skin cuts, abrasions, eyes, or
mucous membranes, accidental needle, scalpel, or glass puncture wounds, or inhaling blood
aerosols which may be generated from various handling and processing methods. OSHA has
reported data from one medical waste company that the annual needle injury rate is 11 injuries
per 1000 workers (OSHA 1991). In a survey of occupational exposure of waste industry
workers to infectious waste, fifty percent of the respondents reported having received cuts and
scratches, and twcnty-two percent reported direct contact with waste blood (Jensen, 1995).
Workers in various medical waste treatment technologies have been observed handling wastes
which were leaking blood and residual fluids, resulting in blood-contaminated surfaces. These
accounts indicated a definite need to characterize worker exposure to blood borne pathogens on
surfaces in the medical waste treatment industry.

J.2 METHOD DEVELOPMENT

Three references from the technical literature were cited on sampling and detecting blood
aerosols from surgical and dental procedures by eluting filter collection medium in water and
testing for the presence of hemoglobin with commercially available Hemastix® (Miles, Inc.
Elkhart, Ind.) urinalysis test strips (Miller, 1995; Jewett et al, 1992; Heinsohn et al, 1991).

A similar method was derived for this study to assess levels of surface blood
contamination at each of the selected treatment technologies. Treatment system surfaces with
which workers may come in contact were monitored for blood contamination by wiping with
sterile gauze. The gauze was then be eluted into 25 ml aliquot of sterile buffer and the eluate
was tested for blood using the Hemastix® method. Prior to field testing, laboratory tests were
conducted to determine detection limits and suitable blood collection and elution media.

Serial dilutions from 10! through 107 of defibrinated sheep blood (Crane Laboratories,
Inc., Syracuse, NY) were done with FTA Hemagglutination Buffer (FTAB) (Beckton Dickinson
BBL11248, Cockeysville, MD) and 0.85% saline. The dilutions were then tested with
Hemastix®. To test the ability to detect blood that has potentially been treated in a steam
autoclave, the dilutions were autoclaved at 121 C at 15 psig for 20 minutes and re-tested with
Hemastix® after cooling. The results indicated that either elution medium was probably
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adequate but FTAB was selected because it seemed to indicate a better result at the detection
limit endpoints of the serial dilutions. The dilution detection limit was 10 for the non-
autoclaved and 10 for the autoclaved solutions. It is probable that most or all of the
hemoglobin was destroyed at the lower concentrations but, at higher concentrations, enough
remained undamaged to be detectable. These results are shown in Table J-1.

The Hemastix® literature reports a detection limit of five to twenty red blood cells (RBC)
per microliter of fluid which converts to a minimum of 5 x 10° RBC per ml of fluid (assuming
five RBC per microliter). The detection limit found in our non-autoclaved dilutions can be
calculated by assuming an average concentration of 5§ x 10° RBC per ml of human blood
(Campbell, 1987). In the 10 dilution, the detection limit concentration is approximately 5 x 10°
RBC/ml which is the same as Hemastix® reports.

The blood surface detection limit was derived as follows. In the surface blood detection
test, a sterile 4"x 4" gauze is moistened with FTAB (25 ml in a 50 ml sterile centrifuge tube),
wiped over a measured surface area, and then placed into the 25 ml of FTAB. After shaking
vigorously for 30 seconds, the eluate is tested with Hemastix®. To calculate the minimum
amount of blood needed to produce a positive result, multiply the RBC detection Limit (5 x 10°
RBC/ml) by the volume of FTAB (25 m!). This yields 1.25 x 10° RBC needed to be eluted from
the sterile gauze. Assuming 5 x 10° RBC/m! of human blood, the minimum volume of blood
needed to produce a positive result from a wiped surface is approximately 2.5 x 10”* ml of blood.
This indicates a very sensitive blood surface test.

Additional laboratory tests show that the method was viable for detecting potentially
small amounts of liquid and dried blood that could be encountered on a treatment facility
surface. Small volumes of defibrinated sheep blood (0.1 m! and 1 ul) were each placed into 25
ml of sterile FTAB in a 50 ml centrifuge tube. The tubes were shaken for 30 seconds and tested
with Hemastix®. Both solutions yielded +++ (strongly positive) results immediately after elution
and again when tested five days later. The test was repeated by placing the same volumes of
blood onto clean 4"x 4" gauze. The results were +++ (strongly positive) for both volumes of
blood immediately after elution. Testing with Hemastix® after five days showed the 0.1 ml
eluted from the gauze remained +++ and the 1 pl eluted from the gauze showed a weaker
positive response of nht (Non-hemolyzed trace). This indicated that liquid drops of blood as
small as 1 pl could easily be detected with this method.

Blood dried on surfaces was tested in the non-treated and steam autoclaved form. Eight
microscope slides were inoculated with 1 pl of defibrinated sheep blood and autoclaved for 15
minutes at 121 C, and 15 psig. An additional eight microscope slides were inoculated with 1 pl
fresh defibrinated sheep blood and allowed to dry at 1aboratory conditions for at least 15 minutes
before testing. One of each type of slide was then wiped with a 4"x 4" gauze, placed into 25 ml
sterile FTAB, shaken for 30 seconds, and tested with Hemastix® at time intervals of O hr, 1 hr,

2 hr,3 hr,4 hr, 5 hr, 21.5 hr, and 22.5 hr. All of the non-autoclaved dried blood was detectable
over the time intervals. The steam autoclaved, denatured blood was not detected in the first
three time intervals presumably because the blood collected onto the gauze seemed to remain as
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Table J-1. Hemastix and Sheep Blood Dilution Test Results

Dilution’ 10° 102 10° 10* 10° 10° 107
Hem iSI.ZIO Bii]l]ﬁ

Diluent Before Steam Autoclave

FTAB - et e ht -

0.85% Saline - et e nht -

Diluent Post Steam am“]ams

FTAB -+ et e - - -

0.85% Saline =+ + - - -

1- Serial dilutions of defibrinated sheep blood were made 0.5 ml to 4.5 ml.

2- Hemastix® Test Indicator Scale: +++ Strong, ++ Moderate, + Small, ht Hemolyzed Trace,
nhm Non-Hemolyzed Moderate, nht Non Hemolyzed Trace, - Negative. (One minute reading)
3- Dilutions steam autoclaved 20 minutes, 121 C, 15 psig.



a slightly moist elastic mass and did not appear to dissolve into the FTAB easily. At the 3hr
time interval, the autoclaved blood seemed to have dried and become more brittle, and appeared
to more easily dissolve into the FTAB, resulting in a positive result. The dried autoclaved blood
remained positive for the remainder of the time intervals. These results are shown in Table J-2.

J.3 POTENTIAL INTERFERENCES

As explained in the Hemastix® product literature, the test is based on the peroxidase-like
activity of hemoglobin that catalyzes the reaction of diisopropylbenzene dihydroperoxide and
3,3'5,5 tetramethylbenzidine. The resulting color ranges from orange through green and the
result is recorded one-minute from the time of wetting the Hemastix®. Certain oxidizing
contaminants , such as hypochlorite, may produce false positive results. Since hypochlorite is
used in some medical waste treatment systems or in washing and disinfection procedures,

laboratory tests were performed to check levels of hypochlorite that may produce a false positive
result.

Clorox (The Clorox Company, Oakland, CA), a commermally available 5.25% (52,500
ppm) hypochlomc solution, was serially diluted from 10! through 10”° and tested with
Hemastix®. Results showed a +++ (strong), false positive at the approximately 525 ppm
concentration within seconds of exposure. At the next dilution and those following, with
concentrations less that approximately 52 ppm, negative results were found. These results
remained valid until the one-minute recording time had elapsed. The results are shown in Table
J-3. The potential for hypochlorite interference is addressed separately for each treatment
technology.

J.4 THE FINALIZED FIELD METHOD

The laboratory method development experimental procedures and results indicated that
the following procedures should be used to assess levels of surface blood contamination at
medical waste treatment facilities.

1. Identify surfaces and or protective equipment such as face shields with which
workers may come in contact that could be potentially blood-contaminated.

2. While wearing clean latex gloves, open a prepared 50 ml container with 25 ml
sterile FTAB solution, and moisten a 4"x 4" clean gauze.

3. Measure (when appropriate) or approximate an area and thoroughly w1pc the area

with the moistened gauze.

Place the gauze into the remainder of the 25 ml FTAB.

Shake vigorously for 30 seconds.

Test eluate with Hemastix® and record result after one minute.

O



Table J-2. Fresh and Steam Autoclaved Sheep Blood Dried onto Surfaces

Time Interval, (hours) 0 1 2 3 4 5 21.5 | 2255
Hemastix® Result'

Non steam autoclaved dried blood®> |4++ {++ |+ [++ [ht +H+ |+ ++

Steam autoclaved dried blood® - . - + ht ht + ht

Hemastix® Test Indicator Scale: +++ Strong, ++ Moderate, + Small, ht Hemolyzed

Trace, nhm Non-Hemolyzed Moderate, nht Non Hemolyzed Trace, - Negative. (One

minute reading)

minutes before test began.

1 yl defibrinated sheep blood placed onto a microscope slide and allowed to dry 15

1 l defibrinated sheep blood placed onto a microscope slide and steam autoclaved for 15

minutes at 121 C, 15 psig, and allowed to cool before test began.

Table J-3. The Reaction of Hypochlorite with Hemastix®

Hypochlorite Concentration' (ppm)

52,500

5,250

525

52

5

0.5

Hemastix® Resul?®

-+

=+

+

Approximate concentration of serial dilutions of commercially available Clorox®

Hemastix® Test Indicator Scale: +++ Strong, ++ Moderate, + Small, ht Hemolyzed
Trace, nhm Non-Hemolyzed Moderate, nht Non Hemolyzed Trace, - Negative. (One

minute reading)
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APPENDIX K
SURFACE MICROBIAL CONTAMINATION PROTOCOL

K.1 INTRODUCTION

The risk to medical waste treatment workers of dermal contact with infectious disease
agents was assessed by sampling and analysis of treatment system surfaces for human pathogen
indicator organisms. Areas of treatment systems were selected that might harbor surface
contamination included conveyor belts, doors and surfaces to grinding and loading mechanisms,
waste carts, worker’s gloves, and other surfaces in and around the treatment areas. The indicator
organisms selected were Staphylococcus aureus, and Escherichia coli, which are two strains of
vegetative bacteria associated with human infection and/or contamination. S. aureus is a leading
human infectious agent of skin, organs, and tissues, and is expected to be present in various
types of medical waste. Its presence would indicate the potential for contamination by other
virulent pathogens to include the agents of tuberculosis, pneumonia, meningitis, and others. E.
coli is a bacterium associated with fecal contamination, and is an indicator for other enteric
pathogens causing serious diseases such as typhoid, dysentery, viral enteritis, and infectious
hepatitis.

K.2 METHOD DEVELOPMENT

The method of using sterile, moistened swabs to sample a surface and directly inoculate
microbiological media is a common environmental contamination investigative method.
Laboratory experiments were performed as a method verification for this study. Cultures of S.
aureus and E. coli in Trypticase Soy Broth (BBL 4321715/4321716, Becton Dickinson and
Company, Cockeysville, MD) were incubated for 24-hours and broth concentrations were
calculated by plating serial dilutions. §. aureus was plated on Mannitol Salt Agar (MSA), (BBL.
4311407, Becton Dickinson and Company, Cockeysville, MD) and was incubated at 32 C.
E.coli was plated on EMB Agar, Levine (BBL 11191, Becton Dickinson and Company,
Cockeysville, MD) with lactose (BBL 11881, Becton Dickinson and Company, Cockeysville,
MD) and was incubated at 37 C.

Twelve microscope slides were inoculated with 0.1 ml of the 10 dilution of each
organism. The inoculum organism count on each slide was approximately 9 x 10° for S. aureus
and 7 x 10° for E. coli. A sterile swab (Calgiswab®, Type 2, Spectrum® Laboratories, Inc.,
Dallas, TX) moistened with FTA Hemagglutination Buffer (BBL 11248, Becton Dickinson and
Company, Cockeysville, MD) was used to swab one of each organism slide and plate onto the
previously indicated media at time intervals of 0, 1,2,3,4,5,6, 22.5, 23.5, 24.5, 28.5, and 29.5
hours. This allowed an evaluation of the detectability of the indicator organisms as they were
freshly deposited and as they dried over time. The results are shown in Table K-1.

Table K-1 shows that S. aureus was easily detectable after immediate inoculation when

the inoculum was wet. After one hour there was a large decrease in the amount detected as the
inoculum began to dry. Attwo hours the inoculum was completely dry and there seemed to be a
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Table K-1. Staphylococcus aureus' (SA) and Escherichia coli* (EC) Recovery
from Microscope Slides with Moistened Swabs

Time (Hours) = SARecovery = ECRecovery Comment

TNTC TNTC Inoculum very wet

TNTC TNTC Inoculum slightly wet
97 7 Inoculum dry residue
79 5 Inoculum dry residue
23 6 Inoculum dry residue
20 1 Inoculum dry residue
9 3 Inoculum dry residue
0 0 Inoculum dry residue
3 0 Inoculum dry residue
6 1 Inoculum dry residue
4 1 Inoculum dry residue
3 1 Inoculum dry residue

S. aureus, with approximately 9 x 10’ inoculated onto each microscope slide, was
collected with a swab (Calgiswab®, Type 2, Spectrum® Laboratories, Inc., Dallas, TX)
pre-moistened with FTAB (BBL 11248, Becton Dickinson and Company, Cockeysville,
MD). The swab was then directly plated onto MSA (BBL 4311407, Becton Dickinson
and Company, Cockeysville, MD) and was incubated at 32 C for 24 hours.

E.coli , with approximately 7 x 10’ inoculated onto each microscope slide, was collected
with a swab (Calgiswab®, Type 2, Spectrum® Laboratories, Inc., Dallas, TX) pre-
moistened with FTAB (BBL 11248, Becton Dickinson and Company, Cockeysville,
MD). The swab was then directly plated onto EMB Agar, Levine (BBL 11191, Becton
Dickinson and Company, Cockeysville, MD) with lactose (BBL 11881, Becton
Dickinson and Company, Cockeysville, MD) and was incubated at 37 C.
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gradual decrease in the amount detected up to six hours. None were detected at 22.5 hours, but
some were detected between 23.5 and 29.5 hours. E. coli detection was similarly very good
when it was first inoculated onto the slide, but it appeared to be somewhat less-viable as the
inoculum dried. It was not detected at 22.5 and 23.5 hours, but one organism was detected at the
remaining periods to 29.5 hours. For this method in environmental surface evaluations, the
ability to detect the organism is the most significant result, while the number of organisms
detected can be a qualitative measure of contamination levels.

K.3 THE FINALIZED FIELD METHOD

1. Identify surfaces and or protective equipment such as face shields with which
workers may come in contact.

2. Aseptically moisten a sterile swab with FTAB solution.

3. Measure (when appropriate) or approximate an area and thoroughly wipe the area
with the moistened swab.

4 Plate the material collected on the swab to MSA for the isolation and
identification of Staphylococcus aureus. Another swab from an adjacent, similar

area is plated onto EMB agar for the isolation and identification of Escherichia
coli.



APPENDIX L.
PHASE 2 CHEMICAL EXPOSURE MONITORING PROTOCOL

The chemical sampling of Phase 2 was dependent upon the results of the Phase 1
screening, as the Phase I results were planned to indicate exactly which chemicals are being
generated at each medical waste treatment facility. The Phase 2 chemical exposure monitoring
consisted of the following chemicals and analysis methods. The plan was to collect 5 personal
samples on 5 workers over each of 2 days, adjusted as needed for each site.

Volatile organic compounds (VOCs) were monitored in Phase II using the same
multisorbent cartridge method (Tenax TA, charcoal, and ambersorb) that was employed in Phase
I. The samples were collected at nominally 16 cc/min for 7-8 hours on 5 workers on each of 2
days.

Formaldehyde samples were collected using 3M 3720 passive formaldehyde badges.
Again 5§ workers were sampled for 7-8 hours on each of 2 days.

. Ethanol was measured using a direct reading passive Driger diffusion tube (part no. 81 01
151) with a detection range of 125-3100 ppm. Five workers were sampled for 7-8 hours on each
of 2 days.

Ammonia was sampled using a direct reading Driger tube (part no. 67 33 231) with a
detection range of 0.5 - 30 ppm. Samples were collected over nominally one minute using a hand
held pump (n = 5 strokes). Five samples were collected on each of 2 days in the boiler room
adjacent to the autoclave processing area.

Methanol and n-propanol were sampled using a direct reading Driger tube (part no. 26
112) with a detection range of 25-5000 ppm. Samples were collected over one minute using a
hand held pump (n = 10 strokes). Five samples were collected on each of 2 days in the autoclave
processing area and adjacent boiler room.
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APPENDIX M
AIR QUALITY MONITORING PROTOCOL

Area air quality measurements were automatically recorded with a Metrosonics AQ-501
(Metrosonics, Rochester, NY) at several work area locations at each treatment technology site.
The instrument measured and automatically recorded temperature, relative humidity, and
concentrations of carbon dioxide and carbon monoxide. Data was averaged over pre-
programmed time intervals of 5-minutes for a period of several hours at each selected worker area
location. The instrument stored data which was downloaded later into a spreadsheet or graph for
analysis. The Metrosonics was calibrated in the laboratory prior to use in the field with
purchased, certified concentrations of carbon monoxide and carbon dioxide. The temperature and
relative humidity sensors were calibrated by the manufacturer. The air quality monitor provided a
means to determine if there was adequate ventilation at worker locations.

The field use protocol was as follows:

1. Select worker locations that appear to be appropriate based on worker activity and
location.

2. Activate the Metrosonics and allow it to equilibrate for 10 minutes at the
measurement location. ’

3. Press the “record” button and collect data from a location over several hours

noting the time and location of the instrument in a separate project notebook.
4, After data has been collected from several locations at a site, the data was
downloaded into a spreadsheet for analysis.



APPENDIX N.

PERSONAL AND AREA MONITORING FOR AIRBORNE BLOOD

N.1 INTRODUCTION

The Occupational Safety and Health Administration standard under section 6(b) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 655 is to eliminate or minimize
occupational exposure to Hepatitis B Virus (HBV), Human Immunodeficiency Virus (HIV) and
other blood borne pathogens. Blood borne pathogen exposure can be minimized or eliminated in
a wide range of occupational settings where the potential exposure to such blood borne pathogens
exist. Workers who routinely handle the collection, transport, treatment, and disposal of
regulated medical waste are at risk of exposure by direct contact with blood on contaminated
surfaces from spills or ruptured containers directly onto open skin cuts, abrasions, eyes, or
mucous membranes, accidental needle, scalpel, or glass puncture wounds, or inhaling blood
aerosols which may be generated from various handling and processing methods. OSHA has
reported data from one medical waste company that the annual needle injury rate is 11 injuries per
1000 workers (OSHA 1991). In a survey of occupational exposure of waste industry workers to
infectious waste, fifty percent of the respondents reported having received cuts and scratches, and
twenty-two percent reported direct contact with waste blood (Jensen, 1995). Workers in various
medical waste treatment technologies have been observed handling wastes which were leaking
blood and residual fluids, resulting in blood-contamination flying through the air and landing on
surfaces. These accounts indicated a need to characterize worker exposure to airborne blood in
the medical waste treatment industry.

N.2 METHOD DEVELOPMENT

RTI originally proposed to characterize the potential for worker exposure to airborne
blood by using personal sampling with 0.2 um polycarbonate filters and personal sampling pumps.
Three references from the technical literature were cited on sampling and detecting blood aerosols
from surgical and dental procedures by eluting filter collection medium in water and testing for
the presence of hemoglobin with commercially available Hemastix® (Miles, Inc. Elkhart,Ind.)
urinalysis test strips (Miller, 1995; Jewett, et al, 1992; Heinsohn, et al, 1991). As elucidated in
Appendix J of this report, a similar method was derived for this study to assess levels of surface
blood contamination at each of the selected treatment technologies. Treatment system surfaces
with which workers may come in contact are monitored for blood contamination by wiping with
sterile gauze. The gauze is then eluted into 25 ml aliquot of sterile buffer and the eluate is tested
for blood using the Hemastix® method described. Prior to field testing, laboratory tests
conducted to determine detection limits and suitable blood collection and elution media are also
shown in Appendix J of this report.

After completion of initial site visits and Phase 1 testing, data collected indicated low
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particle counts such that personal sampling at the proposed personal sampling rate of 2 L/min for
particles (ie. blood aerosols) would probably not be feasible. A new approach was developed in
which blood aerosols are tested as an area sample with a much larger flow rate. A test was
devised such that at least one blood aerosol area sample is taken per day near an area where there
is highly visible fluid during waste loading. A 0.45 micron filter is attached to a pump set to
sample at 17 liters per minute for most of (a timed interval) an entire shift. At the end of the shift,
the filter is eluted in buffer and tested with Hemastix® as outlined in Appendix J.

Observations from Phase 1site visits indicated that other techniques might be suitable to
augment the monitoring of blood aerosols and splashes by providing both visual and analytical
results. NIOSH had previously developed a specially manufactured, 4 x 4 inch patch sample
holder to determine pesticide deposition on worker clothing (Letter from Wayne T. Sanderson of
NIOSH to Eugene C. Cole of DynCorp). The patches are loaded with pre-cleaned sorbent
materials and are taped to worker clothing. They are then analyzed to determine levels of
pesticide on the patches. This method was modified for blood splash monitoring. The patches
are used to house clean cotton pads which are attached to the workers. After wearing the patches
for a shift, the patches are removed, visually inspected, and tested via the Hemastix® method as
outlined in Appendix J.

Additional monitoring was done on the workers’ face shiclds. Before a work shift,
workers’ face shields are cleaned per normal facility protocol, then wiped with a clean gauze. The
gauze is then eluted in buffer and the eluate is tested with Hemastix®. After the shift, the shield is
visually inspected and re-tested with the Hemastix® method. This provides some assessment of
the potential for exposure to blood splashes on the face. The Hemastix® test method is outlined in
Appendix J.

N.3 THE FINALIZED FIELD METHOD FOR PERSONAL AND AREA
MONITORING FOR AIRBORNE BLOOD

Three test methods used are outlined below to asseess worker exposure to blood splashes
and aerosols:

1. .Blood splash on face shield surfaces

This Hemastix® surface splash test is performed the same as the surface blood monitoring
done in Phase 1 as described in Appendix J, except that it is limited to the workers’ face
shields only. All procedures are performed with sterile gloves. The surface area of the
face shield is measured.

a) Prior to the shift, the face shields of up to five workers are cleaned per facility protocol.

1) Each shield is then wiped with a 4" x 4" clean gauze wetted with sterile buffer.
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2) The gauze is then eluted in 25 ml of sterile buffer and tested with Hemastix® .
3) The shield is then issued to the worker.

b) After each shift.

1) Visually inspect shield noting number and approximate size of splashes.
2) Wipe shield with 4 x 4 inch clean gauze wetted with sterile buffer.
3) The gauze is then eluted in 25 ml of sterile buffer and tested with Hemastix®.

c) Test extra shields similarly as blanks by leaving them in a clean area.

2. Blood splash on clothing surfaces

This personal monitoring test uses previously developed, specially manufactured, 4 x 4
inch NIOSH patch sample holders. The patches are loaded with clean, 4 x 4 inch cotton
pads. Patch locations on workers’ upper body are shown in Figure N-1. All sampling
procedures are performed with sterile gloves. Up to five workers per shift for two shifts
are tested. The Hemastix® test method is outlined in Appendix J.

a) Before each shift

1) Assemble required number of patches.

2) Attach up to six patches to the same relative locations of the upper body of up
to five workers. Label the patches according to location.

3) Place 10% of patches in an appropriate field blank location.

4) Allow workers to work their shift.

b)At the end of each shift

1) Visually inspect patches for blood splashes. Note number or percent covered.
2) The patches and blanks are then eluted in 25 ml of sterile buffer and tested with
Hemastix®,

3. Blood aerosols

At Jeast 1 blood acrosol area sample is taken per day near an area where there is
highly visible fluid during waste loading. The Hemastix® test method is outlined in

Appendix J.

1) Attach a 0.45 micron filter (SN 322375, Nucleopore Corp., Pleasanton, CA) to
a 1/3 horsepower pump (Gast Manufacturing Corp., Benton Harbor, MI) set to
sample at 17 liters per minute for an entire shift.



Figure N-1 Locations of Blood Splash Detection Patches on Workers
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2) Check the flow rate with a rotometer at the start and finish of the sample time.

3) At the end of the shift, the filter is eluted in buffer and tested with Hemastix®.
Blanks consist of unused filters.



APPENDIX O. BIOAEROSOL MONITORING PROTOCOL

0.1 GENERAL OVERVIEW

Due to site-specific conditions and management concerns, the general bioaerosol
monitoring protocol as outlined in this paragraph may differ somewhat for each treatment facility.
Ideally, bioaerosol emissions should be measured for two purposes at each treatment facility: 1) to
measure worker area bioaerosol area loadings, and 2) to measure the emission from MWTF as
they process spiked and non-spiked regulated medical waste. The worker area measurements
should include both outdoor and appropriate indoor bioaerosol measurements using up to three
media. Samples should be taken on both days of the site visit.

Spiked/non-spiked waste emissions sampling will be conducted at up to four locations,
depending on the process, on each of the two days. Spiked waste will be seeded with large
numbers of intrinsically chemical and heat resistant bacterial indicator spores of Bacillus
stearothermophilus (ATCC 10149) and Bacillus subtilis var globigii (ATCC 9372). These
spores may be in liquid suspension or dried onto membrane filters (simulating spilled, dried
organisms). The indicator spores are organisms that are not expected to be common in the
natural medical waste flow. The evaluation will consist of menitoring bioaerosol emissions from
previously identified aerosol emission points while the MWTF is processing spiked and non-
spiked waste. Detection of the indicator organisms will demonstrate the potential for bioaerosol
emissions from the tested location or process.

0.2 SAMPLERS

For this study, bioaerosol monitoring will be conducted using samplers required or
recommended in published standards and guidelines, primarily the American Society for Testing
Materials (ASTM) Standard Practice for Sampling Airborne Microorganisms at Municipal Solid-
Waste Processing Facilities. The bioaerosol samplers to be used may include AGI-30 all-glass

impingers, Andersen cascade impactors, and Mattson/Garvin (M/G) slit-to-agar rotating plate
samplers.

The AGI-30s will be loaded with 20 ml of sterile AOAC phosphate dilution buffer water
(PBDW) and will sample air at 12.5 Lpm for ten minutes. After sampling, the impinger fluid
volume and a rinse with PBDW will be measured and collected into a sterile container. The
impinger fluid will be stored on ice for transport to RTI laboratories. The impinger fluid will be
analyzed by vortexing and plating aliquots onto duplicate plates of Trypticase Soy Agar (TSA)
(BBL 4311043, Becton Dickenson and Company, Cockeysville, MD) incubated at 55°C for B.
stearothermophilus and onto duplicate plates of TSA with actidione incubated at 35°C for B.
subtilis. The remaining impinger fluid will be split with one-half filtered through a 0.2 micron
membrane filter and placed on TSA for incubation at 55°C for B. stearothermophilus and the
other half filtered and placed on TSA with actidione for incubation at 35°C for B. subtilis.
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The Andersen cascade impactor samplers will be run in duplicate at selected locations with
one containing TSA for incubation at 55°C for B. stearothermophilus and the other containing
TSA with actidione for incubation at 35°C for B. subtilis. After sample collection the agar plates
are taped closed, placed into ziplock bags, and into an insulated container for transport to RTI
laboratories for incubation and analysis. The M/G samplers will be run similarly.

0.3 IDENTIFICATION OF INDICATOR ORGANISMS

The selected indicator organisms B. stearothermophilus (ATCC 10149) and B. subtilis var
globigii (ATCC 9372) will initially be identified by colony morphology and pigmentation. Further
laboratory tests will be conducted to verify indicator organism identity. Suspected B.
stearothermophilus colonies will be subcultured onto TSA for reincubation at 40°C and 65°C.
Growth at both temperatures will be considered a positive indicator for B. stearothermophilus.
Suspected colonies of B. subtilis globigii var niger, which appear orange on TSA with actidione,
will be subcultured on Tyrosine agar and incubated at 35°C. Black pigmented colonies on
Tyrosine agar will be a positive indicator for B. subtilis globigii var niger.

0.4 BIOAEROSOL MONITORING AT THE COMMERCIAL OFF-SITE STEAM
AUTOCLAVE

0.4.1 Sampling Scheme

After an initial site visit and discussions with facility management and the project research
team, it was decided that the focus of bioaerosc! monitoring at the steam autoclave would be to
measure the emissions for indicator organisms only from MWTF as they process spiked and non-
spiked regulated medical waste. Observations from the initial site visit and Phase 1 testing
indicated that there were three emission points from the autoclave units which had the potential to
emit microorganisms into the work area. The potential emission points were identified as: A)
above the autoclave door as the door opened post-treatment, B) between the two autoclaves as
steam exhausted during a treatment cycle, and C) at the top of the compactor as the treated waste
was dumped and compacted.

The sampling scheme for both spiked and non-spiked tests at the steam autoclave was as
follows: At sampling point A, two Mattson-Garvins and two AGI-30 impingers were placed
above the autoclave door and were started as the door opened at the end of a treatment cycle. At
sample point B, three ten-minute AGI-30 impingers were operated in series during a treatment
cycle. Atsample point C, two Mattson-Garvins and two AGI-30 impingers were placed above
the compactor and operated as treated waste was dumped and compacted. On the first day of
testing, two non-spiked tests were performed, one on each of the two autoclaves. On the second
day of testing, one spiked test was performed on autoclave number two.
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0.4.2 Waste Spiking

Spores of Bacillus stearothermophilus were purchased (ATCC 10149, Difco Lot 82388,
Detroit, MI) and were aseptically loaded onto (.2 micron cellulose nitrate membrane filters (Lots
067769201 and 001984A3201, Nalge, Rochester, NY). The filters were placed into sterile 50 x 9
mm petri dishes and dried at 40°C for two to four hours.” The petri dishes were then capped and
stored in zip-lock bags until testing. They were shipped to and from the facility in insulated
coolers. Six filters were randomly checked for spore count and viability before shipping and use
in the field. Six randomly chosen filters were sent to the facility as field controls which were
checked again for spore count and viability upon their return to RTI laboratories. Spore
suspensions as received and those eluted from the filters were quantified by performing serial
dilutions in PBDW, plating onto TSA, and incubating at 55°C for 24 hours. The average B.
stearothermophilus spore count ehuted from six filters six days prior to testing was 5.0 x 10’
spores per fiter. The average B. stearothermophilus spore count eluted from six filters two days
after testing was 1.3 x 107 spores per filter.

Additionally, spores of Bacillus subtilis var niger (ATCC 9372, Amsco Lot LG 065B,
Apex, NC) were purchased and were aseptically loaded onto 0.2 micron polycarbonate and
cellulose nitrate membrane filters (Lots TQC851523C2201 and 067769201, Nalge, Rochester,
NY). The filters were placed into sterile 50 x 9 mm petri dishes and dried at 40°C for two to four
hours. The petri dishes were then capped and stored in zip-lock bags until testing. They were
shipped to and from the facility in insulated coolers. Six filters were randomly checked for spore
count and viability before shipping and use in the field. Six randomly chosen filters were sent to
the facility as field controls which were checked again for spore count and viability upon their
return to RTI laboratories. Spore suspensions as received and those eluted from the filters were
quantified by performing serial dilutions in PBDW, plating onto TSA with actidione , and
incubating at 35°C for 24 hours. The average B. subtitis var niger spore count eluted from six
filters six days prior to testing was 2.3 x 107 spores per filter. The average B. subtitis var niger
spore count eluted from six filters two days after testing was 4.5 x 10° spores per filter.

For the autoclave spiked run, ten petri dishes with filters of B. stearothermophilus and

ten with filters of B. subtilis var niger were placed open faced on top of each of five loaded waste
bins for a total of fifty filters of each organism in the treatment load.
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