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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 haz.ards 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 wastehandling 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 manu_~y 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. 
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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 umt, 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 lb/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 
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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 Jeading 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. 
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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 ACGllI 1L V, 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 cfoan the empty 
tubs. The indoor air quality measurements for temperature, humidity, carbon dioxide (C02), 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 bloodbome 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. 
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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 :MIG 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 usinf two 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 ~om 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 bast!i 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 
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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 bloodbome pathogens. Bloodbome pathogen exposure can be minimiz:ed or eliminated in a 
wide range of occupational settings where the potential exposure to such bloodbome 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 (Tumberg, 1990). 
This points to a definite need to characterize worker exposure to bloodbome pathogens in the 
medical waste treatment industry. Surface and airborne sampling methods were used in order to 
assess the potential for worker exposure to bloodbome 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 bloodbome pathogens for each medical waste treatment technology. 
Controls may include personal protective clothing and equipment, training, medical surveillance, 
HBV 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 MWTF technologies have the potential to generate others. Emissions from 
medical waste incineration and potential effects on the environment have been extensively studied 
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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/cm2 leakage measured 5 cm from an 
oven to reduce the potential for exposure. OSHA has set a maximum of 10 mW/cm2 (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 y.'ho 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 I 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. 
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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, tom 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 
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Table 1. Medical W T t Technol -
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 miaowave 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 Pr<Xfuction 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. 
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100 lbs 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 shredde'd!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 lbs/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 lbs 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 
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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 (Clli), 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, 
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and first aid. The facilities compliance with OSHA standards, to include bloodbome 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 
AppendixE. 

voes 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 Voes, aldehydes, ketones, hydrochloric acid, chlorine, 
and metals. 

voe 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 l 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 Umin using a series of midget im.pingers. All 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, HV AC, and other control devices 
were examined. For control devices that include airflow (including the building heating, 
ventilating, and air-conditioning (HV AC) and hoods), a hot-wire anemometer was used to 
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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 aerosols 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, C02), 

• 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 inclucling 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 Drager 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 Drager 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 Drager 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 0. 

11 



4.0 GENERAL SAFETY HAZARDS 

Three sites were included in the Phase 1 assessments: one steam autoclave, one 
inicrowave, 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 controllecj 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 liquids, and sharps, although 
the potential was greatly reduced in the plant where the waste handling was minimi:zed. Also 
ergonomic problems due to the handling of the waste are a major area of concern. Worker 
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Table 2. Examples of Positives Found in the Facilities1 

(x = found in Phase 1 assessment, + = reported as improved since Phase 1 assessment) 

Area of Concern Autoclave Microwave Pvrolvsis 

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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2 

3 

Table 3. Examples of Negatives Found in the Facilities1 

Area of Concern Autoclave Microwave Pyrolysis 

Potential exposure to liquid from the waste 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 stored 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. 
If boxes leak or rupture. Most limited apparent risk of the three facilities due to 
prepackaging of waste. 
Remedied since Phase l 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. A1l 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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S.O NOISE AND RADIATION 

S.1 Noise 

The noise surveys were conducted using a Quest Sound Level Meter (SIN DL8110002) 
calibrated with a Quest Calibrator (SIN 18100013). 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 (SIN 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 7 5 dBA near the pump/motor area attached to the 
unit. 

During the phase 2 trip to the autoc~ve 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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S.2 Microwave Radiation 

A survey of the microwave units was conducted using a Narda Microlien Electromagnetic 
Leakage Monitor, Model 8210 (SIN 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/cm2

, 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/cm2 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 12195. 
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 Ionizing 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 Ventilation 

During the Phase l 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 velocity 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 l 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/cm3 was made and the mass concentration below 5 µm and the total mass up to 15 µm were 
calculated based on the LPC data. None of the measurements exceeded the TWA of 10 mg/m3 

for particulates not otherwise classified. At the autoclave facility, all the measurements were 
below 1 mg/m3

, except the measurement taken immediately after the autoclave was opened, 
possibly due to the steam. That measurement peaked at 2.1 mg/m3 but was down to O. 73 within 5 
minutes. Many of the concentrations were below 0.1 mg/m3 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/m3, as the highest value was 0.025 mg/m3

• 

The pyrolysis facility had even lower concentrations with the highest value at 0.018 mg/m3 when 
the photoelectric eye was cleaned and the average concentration was around 0.006 mg/m3

• 

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 difficuJt. 

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 or to 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 
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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 in 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 
industry 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, Voes, 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/pipemyl 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 (Voes) 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, Voes 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/EP NMSDC 
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 voes was 
made using the same approach. Example voes 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. 

voes 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 voes in excess of0.05 mg/m3 are reported. The total voe 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 C3-Benzenes Bromoform 

1, 1,2,2-Tetrachloroethane C4-Benzene Isopropanol 

Dibromochloromethane Methylene Chloride Propanol 

Bromodichloromethane Bro methane Butanol 

cis-1,3-Dichloropropene · Chloroethane Pentanol 

l, 1,2-Trichloroethane Chloromethane Benzene 

l, 1-Dichloroethane Chloroform Toluene 

1,2-Dichloroethene (Total) Trichloroethene Acrolein 

trans-1,3-Dichloropropene Chloro benzene Acrylonitrile 

1,2-Dichloroethane Ethyl Benzene Styrene 

1, 1, I -Trichloroethane Dichloro benzenes Vinyl Chloride 

Carbon Tetrachloride 1, 1-Dichloroethene .Xylenes 

Tetrachloroethene 

23 



Several voes were observed in each facility, but no OSHA PEu or ACGIH TLVs were 
exceeded. The highest concentration voe for the three locations within the autoclave facility 
was 2-propanol at 643, 556, and 589 µg/m3

• The compound with the highest concentrations for 
an three sampling sites at the microwave facility was 2-propanol at 2318, 495, and 986 µg/m3

• 

For the pyrolysis facility, the highest concentration VOC found between the units was phenol at 
1.7 µg/m3 and in the shop area was decanal at 16 µg/m3

• 

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 
gel/DNPH-(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/µL 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 1h hours at the process area near the control panel, over autoclave number l, 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 

n-Propanal 

Benzaldehyde 

Acetaldehyde 

Crotonaldehyde 

n-Pentanal 
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Acetone 

n-Butanone 

n-Tolualdehyde 

Acrolein 

n-Butanal 

n-Hexanal 



The aldehyde results for the autoclave and pyrolysis facilities indicated concentrations of 
formaldehyde in the range of 0.08 to 0.18 mg/m3 while the microwave showed similar results with 
a range of 0.007 mg/m3 to 0.2 mg/m3

• All of these values are much lower than the OSHA PEL 
of 0.94 mg/m3 and the ACGIH 1L V of 0.37 mg/m3 (ceiling limit). In both the autoclave and 
microwave facilities, acetaldehyde and acetone were also observed but at concentrations of 
nominally 0.07 mg/m3

, several orders of magnitude lower than the respective PEu of 360 and 
2400mg/m3

• 

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+2), nickel 
(Ni), phosphorus (P), selenium (Se), silver (Ag), thallium (Tl) and zinc (Zn). Following the 
peroxide impingers were two impingers containing acidified potassium permanganate for the 
collection of elemental mercury (Hg 0

). 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 Umin sampling rates) instead of the 
Greenburg/Smith impingers (approximately 20 Umin) was used. 

Metals were collected at a flow rate of nominally 1 Umin for 8 ~ 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 Umin in the areas over both microwaves. In the pyrolysis facility, metals 
were collected at a flow rate of nominally 1 Umin for 6 ~ hours, next to pyrolysis unit no. I 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 (CV AA) 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, n 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 04490, 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.S Phase 2 Monitoring for Chemical Exposure 

The Phase 2 industrial hygiene survey conducted at the autoclave facility included 
personal monitoring for Voes, ethanol, and formaldehyde. Area samples were collected for 
methanol, n-propanol, and ammonia. 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 rece!ved. 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 
Voes were identified and quantified with the highest concentration of 104 µg/m3 for one 
worker's dichlorodifluoromethane concentration. All of the voe results were less than OSHA 
PELs, NIOSH RELs, and ACGIH TL Vs. 

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 0.021to0.086 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 Drager 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 Drager tubes. 
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Ammonia was sampled using a direct reading Drager 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 ACGIB TL Vis 25 ppm with a STEL of 35 ppm. 

Methanol and n-propanol were sampled using a direct reading Drager 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 eacp of 2 days in the autoclave 
processing area and adjacent boiler room. No methanol or propanol were detected on the Drager 
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 (SIN 1613). The air was evaluated for temperature, humidity, carbon dioxide (COJ, 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 

Autoclave Microwave Pyrolysis 

C02 averages (ppm) 466,388,532,3451 412,490,469,354, 358,378 
342 

CO averages (ppm) 0, 0, 0, 01 l, 0, 0, 0, 1 0,0 

Temperature average (0 F) 65.1, 58. 7' 75.9, 70.8, 74.6, 77.8, 64.2, 68.0, 75.7 
79.41 73.4 

Relative Humidity average (%) 41.7, 57.1, 31.5, 25.6, 23.3, 18.5, 31.4, 61.8, 43.5 
53.51 23.9 

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 bloodbome 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 bloodbome 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 bloodbome 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 S. 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 bloodbome 
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 the4reatment 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 MIG 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 

Tirree sites were included in the Phase 1 assessments: an off-site steam autoclave, an ofI­
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 lb/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 prob~~ms 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 I mg/m3

• Many of the 
concentrations were below 0.1 mg/m3 indicating that respirable particles were not dangerously 
elevated. The microwave facility's highest value was 0.025 mg/m3 with the pyrolysis facility even 
lower with the highest value at 0.018 mg/m3 when the photoelectric eye was cleaned and the 
average concentration was around 0.006 mg/m3

• 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 werr encountered included the following. The autoclave had equipment that let 
water drain acro;;c: the floor resulting in a slipping hazard. The microwave facility had a cooling 
system that could Mow 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 e)jminate 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, voes, or 
aldehydes such as formaldehyde. Several Voes were observed in each facility, but no OSHA 
PELs or ACGIH TLVs were exceeded. The highest concentration voe within the autoclave 
facility was 2-propanol at 643 µg!m3

• The compound with the highest concentrations at the 
microwave facility was 2-propanol at 2318 µg/m3

• For the pyrolysis facility, the highest 
concentration voe found decanal at 16 µg/m3

• The aldehyde results for all three facilities 
indicated concentrations of formaldehyde in the range below 0.2 mg/m3 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/m3

, several orders of magnitude lower than the respective 
PELs. In Phase ·2 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 
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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 (C02), and 
carbon monoxide (CO) indicated adequate indoor air during all four of the sampling periods, 
reinforcing the ventilation results as acceptable C02 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 bloodbome pathogen exposures. The test results also confirmed 
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visual observations of the waste loading or dumping operations that were conducted dliring 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 l, 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 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 with waste that could contain more virulent pathogens such as Mycobacterium 
tuberculosis or a variety of bloodbome viruses. Accordingly it is again recommended that 
attention be given to daily routine clea,ning 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, S. 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 bloodbome 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 liberated from a condensate drain, and at 
the top of the compactor. Results from the MIG 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. 

38 



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 control 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 
TL Vs were exceeded. 

• Formaldehyde concentrations were in below the OSHA PEL and lower than the 
ACGIH TLV mg/m3 (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 themedical 
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, n Pb and Hg. The pyrolysis facility also showed 
minimum levels of P. 
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• 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:J, 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 
bloodbome 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 airb!Jme blood drops are 
sufficiently large to fall out of the air quickly. 

• Surface microbial contamination assessments showed some E. coli and other non­
patho genic 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. 
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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 Dnmunization 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 MWI' A 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. 
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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 8.nalysis), 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 evalu~te the 
effectiveness of engineering controls to protect the workers. 

A.1.2 Technology Oveniew 

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 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. 

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 I 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 HV AC 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-la . 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 lb when empty 
and contain approximately 180 lb of medical waste; the samller tubs each contain approximately 
50 lb 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. 

SiMcant Negatives 

• 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. 

• 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 lilJB missing two blanks. 

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

• ~cellaneous 

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 

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

• 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.S Training Materials, Compliance Documentation, and Program Administration 

Si~nificant Positives 

• The company Risk Management Manual was excellent in both form (utility) and 
function (complex detail presented succinctly and accurately). 

• The "Bloodbome Pathogens Exposure Control Program" contained within the 
manual was comprehensive and current. 

• 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. 

• 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) 
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Respirator Program 
Bloodbome Pathogen Exposure Control Plan 
Radiation Program 
Lockoutffagout Program 
Personal Protective Equipment 
Hearing Conservation Program 

Simificam Ne~atives 

• None. 

Areas Recommended for Review by Manaeement 

• Ground Fault/Assured Equipment Grounding Program [see 29 CFR 
1910.304(b)(l)(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). Q00: 
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. 
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Task: UnloadinK Tubs from Trailer 

Primary haz.ards: Fall, strains, pinches, cuts, slipping. 

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

Safety Aids: Forklift. 

Suggested Changes: 

1) 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. 

2) Workers should always wh tubs when moved manually. 

3) Leather work gloves should always be worn. 

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

Task: Manual Unloadin~ of Boxes and Plastic Containers from Trailer 

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: 

1) 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. -

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. 
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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 handHngllifting of waste bags. 

Task: LoadinK Bins UsinK Tub Dwnpers and Direct LoadinK 

Primary Hazards: Splashing/direct fluid contact, puncture, strains, slipping. 

PPE Used: Work clothes, steel toed shoes, hard hat with shield, Jeather 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. 

5) 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. 

7) Tub dumper operator should have a blocking pin/bar to place under raised 
tubs prior to entry in area under raised tubs, ie. 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. 

A-19 



Task: Washini Tubs and Plastic Containers 

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 st.ated this project was to be done.] 

4) Use forklift to stack tubs and eliminate manual lifting/stacking. 

5) Replace/shorten the forks of the forklift to eliminate protrusion beyond tub. 

Other - Miscellaneous 

1) 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: 
"MUNIClfAL" versus "MUNIC!fLE." 

A.3 EMISSION POINT IDENIIFICA TION 

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 especiaily 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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A.4 CHEMICAL MEASUREMENT ~UL TS 

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 dodecylbenz.ene 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 SS 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 (Voes) 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, voes 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/EP A/MSDC Mass Spectral 
Data Base (NIST library) and the Registry of Mass Spectral Library (Wiley Library). Manual 
review of the data was perfonned 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 Voes was made using the same 
approach. Example Voes that are amenable to analysis by the multisorbent method are shown in 
Table A-1. The Voes found in the assessment were a subset of those that could be found by this 
method. 

voes 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 voes 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 voes found in excess of 0.05 mglm' are reported. The total voe 
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 ACGill threshold limit 
values (TLVs) were exceeded. The voe field control recovery percentages are shown in 
Table A-6. 

A.4.2 Hydrochloric Add 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 
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acid were used (ASTM 04490, 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 Jarge 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 Jarge 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 C4-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 

l, l, 1-Trichloroethane Dichlorobenzenes Vinyl Chloride 
-

Carbon Tetrachloride l, l-Dichloroethene Xylenes 

Tetrachloroethene 
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aauu:; n•-. T.V"- ~QUILS 

Site 1 Autoclave No. 1 4.87L 

·. 

QU AUT A TIVI IDE?-.'TifiCA noN llPOR.T 

JlTl/ECD 4'2S7 

a.&.=cic:a 
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d.16 MAlOOJ& 
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1.61 2:~ 
1.2.S M~. diQlo~ 

. 1.52 Cutica dWWc 
11.50 OJoro(cr= 
11.U Edwd, l~rr 
ll. aJ 1-lw.a.oct 
U.09 Elb=c, ~CTO-
U.41 Mc&!arf ~ca 
ld.17 DisalMc, dimceyl .• 
11.C:C Jlcnzme, mc&b)'l-
lt.S ~.~-
It.II 2-F~yd.a 
21.U Be,,z,,,.., &1h7I-
%2.30 m..rX)'lc:m 
22.'7 Crclobc~ 
22.90 ~ 

.23.14 o-Xrlme 
23.%7 ~. 2-h&ozy-
2•.69 2-~. l-bcdarr 
25.69 ftmcl .. 
%7 .43 h•MCmethud 
%7.'4 1-HUIDOI, 2-Cyl-
21.39 I .i"'OQCM 

32..16 ~l. 2-(2-kr.ar~:r:y)-

Total Volatile Or~c Hydrcar!:lcca 

a) . Based Oil IA~ d.atabuc sc.ardt of &be NIH/EPAIMSDC 
Mu.a Spocnl Data Baa (NBS La'llruy) ud cbc Jlc&ise7 of • 
Mu.a Spoccnl Data (Wiley La"bruy). 
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Table A-3. VOC Results 
Site 1 Compactor 4.67L 

QUALJTATIVi tD~-m:lCATION Jt.E?ORT 

llTI/ECD 4259 

actcadca 
T"UDC ( mi:i.} haJ: fdc:~ 15c.a~ a) 

4.10 M~. di=1or.:iditlUCotO-

'·" Prcpx, 2-mcr.."yl-
'-4l Me&boc, ozybia-
•• 16 Aca.oae 
7.0I Mcd:.uc, ~tiucr:r 
7.65 2-~ 
l.2SI M&&h&De, 4ic!alcrc.-
l.$2 <:.atbco disi•'M. 

11..SO Ac&t:c acid, &Chyl •tcr 
12.16 Etb.a:d, 2~xy-
12.7.C 2-~. l-la)"l!rozy-
U.4& M~yl mc:hac:ytat.o 
17.'9 hzme, mcdlyt-· 
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lt.19 2-F~yde 
21.U Bcrjum, ~-
%Z.2SI m.p-Xylcm 
22.4' ~lohszaDODI 
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23.l.C o-X)'tcm 
23.26 Edwaol, 2-llutcxy-
24.61 2-Propccl. 1-kt.ozy-
2'.12 Tctpe1:1e isomer 
"25.7l Pbcol 
%7.6'~ 

%7.16 t-Hu.uol, 2-.chyl- .... 

21.40 I imc IUDl.I 

32. 75 Uuol, 2~-11ut.o~z;.>-
37.16 Plaaol, 2.6-Ws(l-mct.!l)'ictlsrf)-. 

·Total Volatile 2!11Aic Hydrccartloas 
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Masa Spccc-a! Data CWiJc1 uor&t)'). 
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Figure A-5. VOC Results 
Site 1 Compactor 
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Table A-4. VOC Results 
Site 1 Operator Area '4.3SL 
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Table A·S. VOC Results 
Site l Field Blank 

QUA.UTATIVE IDENT'tFlCATIOti llPORT 
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Mau Spectnl Data (Wiley La-Crary). 

b) " Fit versus rc!crc:cc spec:n. 
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Table A-6. 
Medical Waste 

Field Control Recoveries VOCs 

Chloroform 

Toluene 

o-Xylene 

Vinyl chloride 

Benzene 

trichloroethylene 

Site 1 
% Recovery 
FC vs. LC• 

148.0 

153.6 

97.7 

19.3 

97.2 

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 
gel/DNPH-(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/µL of the DNPH/aldehyde 
derivatives. Standards were analyzed and a calibration curve calculated by linear regression of the 
concentration and chromate graphic 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 ~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/rn3 as compared to the OSHA PEL of 0.94 rng/rn3 and the ACGIH TL V of 0.37 
mg/m3 (ceiling limit). Acetaldehyde and acetone were also observed but at concentrations of 
nominally 0.07 mg/m3

, several orders of magnitude lower than the respective PELs of 360 and 
2400 mg/m3

• 

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•2

), nickel 
(Ni), phosphorus (P), selenium (Se), silver (Ag), thallium (Tl) and zinc (Zn). Following the 

A-32 



Table A-8. 
Results of Aldehyde Analysis 

Sample ID Location Air Volume 

4262 Site 1- autoclave No. 1 54.7L 

4263 Site 1 - compactor 55.1 L 

4264 Site 1 - operator area 56.l L 

4265 Site 1 - operator area duplicate 60.0L 

FB-1 Site 1 - field blank 0.0L 

Concentrations expressed in (µg/m3
) 

Solution Field 
Sample Field Control Blank-Bl 4262 4263 4264 4265 Blank-I 

Com('.!ound % Recovery 

Formaldehyde 86 <2.6 141 185 124 79 <2.6 

Acetaldehyde 99 <2.6 73 73 67 35 <2.6 

Acetone 98 <2.6 95 88 90 61 <2.6 

Acrolein 0 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 

Propionaldehyde 91 <2.6 27 40 27 19 <2.6 

Crotonaldehyde 4 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 

2-Butanone 64 <2.6 7.4 5.4 5.6 <2.6 <2.6 

Methacrolein 2.5 <2.6· <2.6 <2.6 <2.6 <2.6 <2.6 

Butyraldehyde 88 <2.6 12 13 11 4.9 <2.6 

Benzaldehyde 99 <2.6 13 18 8.2 5.9 <2.6 

V aleraldehyde 71 <2.6 <2.6 3.4 <2.6 <2.6 <2.6 

m-Tolualdehyde 84 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 

Hex anal 76 <2.6 4.9 5.5 8.6 3.3 <2.6 
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peroxide impingers were two impingers containing acidified potassium permanganate for the 
collection of elemental mercury (Hg 0

). 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 Umin sampling rates) instead of the 
Greenburg/Smith impingers (approximately 20 llmin) was used. 

Metals were collected at a flow rate of nominally 1 Lpm for 8 llz 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 (CV AA) for Hg 0

, 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 (SIN 1613). The air was evaluated for temperature, humidity, carbon 
dioxide (C02), and carbon monoxide (CO). The results (Table A-13) indicate adequate indoor air 
d\}ring the sampling period. 

A.5 NOISE 

A noise survey was conducted on 3/26 - 3/27 /96 using a Quest Sound Level Meter (SIN 
DLSI 10002) calibrated with a Quest Calibrator (SIN 18100013). 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 
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.ocation 
UECDNo. 
ientifier 
rolume (m') 

als 

Be 

Al 

Cr 

Mn 

Fe 

Co 

Ni 

Zn 

Cu 

Cd 

Sb 

Ba 

TI 

Pb 

Hg•2 

Hgo 

As 

Se 

Ag 

p 

Autoclave 
4272 

Prefilter 
0.522 

<0.06 

<6.0 

<1.0 

<:0.06 

<1.0 

<0.4 

<0.2 

<1.0 

<:0.06 

<0.02 

<0.02 

1.0249 

<0.02 

<:OJ 

0.0050 

c 

<0.1 

<:0.1 

<0.1 

<10.0 

4266 

Table A-9. Site 1 
Metals Analysis (µg/m3

) 

Blank Corrected 

4267 4268 
lmpingerl lmpinger2 lmpioger 

0.522 0.522 3 
0.522 

<0.06 <:0.06 <:0.06 

<6.0 <6.0 <6.0 

<1.0 <1.0 <1.0 

<:0.06 <0.06 <:0.06 

<1.0 <1.0 <1.0 

<:0.4 <0.4 <:0.4 

<0.2 <0.2 <:0.2 

<1.0 <1.0 <1.0 

0.0785 0.0766 0.0632 

<0.02 <:0.02 <:0.02 

<0.02 <0.02 <0.02 

0.1820 0.0421 0.0364 

<0.02 <0.02 <:0.02 

<:0.1 <:0.1 <O.l 

0.0105 0.0305 b 

c c c 

<:0.1 <0.1 <0.1 

<:0.1 <0.1 <0.1 

<0.1 <()J <0.1 

<10.0 <10.0 <10.0 

a. lmpingers 4-6 analyzed only for Hg 0 

b. Solution lost to analysis 
c. Prefilter and impingers 1-3 analyzed for Hg•2 
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4268 4269 4271 
lmpioger4 lmpioger lmpinger6 

0.522 5 0.522 
0.522 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

a a a 

0.3801 b 0.8107 

a a a 

a a a ·-

a - a a 

a a a 



Location Compactor 

Table A-10. Site 1 
Metals Analysis (.µg/m3

) Set 2 
Blank Corrected 

4273 4274 4275 4276 
RTJ/ECDNo. 4278 Impinger 1 lmpinger 2 lmpingerJ lmpinger4 

Identifier Prefllter 0.528 0.528 0.528 0.528 
Air Volume (m3

) 0.528 

Mn@! <1).06 <0.06 <0.06 a n 
Be 

Al <6.0 <6.0 <6.0 a b 

Cr <1.0 <1.0 <1.0 a b 

Mn <0.03 . <0.03 <0.03 a b 

Fe 1.3447 <1.0 <1.0 a b 

Co <0.4 <0.4 <0.4 a b 

Ni <0.2 <0.2 <0.2 a b 

Zn 1.0795 <1.0 <1.0 a b 

Cu 0.0720 0.1723 0.0758 a b 

Cd <0.02 <0.02 <0.02 a b 

Sb <0.02 <0.02 <0.02 a b 

Ba 1.8182 0.1515 0.1307 a b 

Tl <0.02 <0.02 <0.02 a b 

Pb <0.1 0.1591 0.1420 a b 

Hg+2 0.0119 0.0265 0.0095 0.0044 b 

Hg· c c c c 0.8420 

As <0.1 <0.1 <0.1 a b 

Se <0.1 <0.1 <0.1 a b 

Ag <0.1 <0.1 <0.1 a b 

p <10.0 <10.0 <10.0 a b 

a. Solution lost to analysis 
b. lmpingers 4-6 analyzed only for Hg" 
c. Prefilter and impingers 1-3 analyzed for Hg+2 
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NIA 4277 
Impinger5 lmpinger6 
(broke) (Rinse) 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA b 

NIA 0.0568 

NIA b 

NIA b 

NIA b 

NIA b 



RTl/ECDNo. 

Identifier 

Metals 

Be 

Al 

Cr 

Mn 

Fe 

Co 

Ni 

Zn 

Cu 

Cd 

Sb 

Ba 

n 

Pb 

Hg•2 

Hgo 

As 

Se 

Ag 

p 

Table A-11. Site 1 
Metals Analysis (Total µg) 

Blank Data 

4284 4280 

Metals 
Filter Blank lmpinger Blank 

<0.03 <0.03 

<3.0 <3.0 

<O.S <O.S 

0.060 <0.03 

<O.S <O.S 

<0.2 <0.2 

<().} <0.1 

<0.5 <0.5 

<0.3 <0.03 

<0.01 <0.01 

<0.01 <0.01 

<0.03 <0.03 

<0.01 <0.01 

0.080 <0.05 

<0.02 <0.02 

b b 

<0.05 <0.05 

<0.05 <0.05 

<0.05 <0.05 

<5.0 <5.0 

a. Mercury impinger blank analyzed for Hg 0 

b. Metals impinger blank analyzed for Hg•2 
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4282 

Mercury 
lmpinger Blank 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a. 

a 

a 

0.0057 

a 

a 
--

a 

a 



Metal Total uf!. 

Be 113 

Al 1002 

Cr 86.6 

Mn 83.0 

Fe 996 

Co 69.6 

Ni 938 

Zn 98.7 

Cu 99.5 

Cd 97.4 

Sb 4.66 

Ba 98.0 

Tl 4.50 

Pb 336 

Hg N/A 

As 4.79 

Se 4.90 

Ag N/A 

p 471 

Table A-12. 
Quality Control for Metals 

(Spike Recoveries) 

Solution 

% Recovery Total u2 

113 9.42 

100 N/A 

86.6 99.30 

83.0 9.45 

99.6 22.3 

69.6 8.84 

85.6 9.52 

98.7 43.4 

99.5 23.1 

97.4 8.75 

93.2 N/A 

98.0 9.00 

90.0 8.80 

67.2 22.4 

N/A 

95.8 42.5 

98.0 23.2 

4.45 

94.2 N/A 

N/ A Solution was not spiked 
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Filter 

% Recoverv 

94.2 

--
93.0 

94.5 

89.2 

88.4 

95.2 

86.8 

92.4 

87.5 

--
90.0 

88.0 

89.6 

85.0 

92.8 

89.0 

--



• 

b 

Table A-13. 
Indoor Air Quality 

Samnling Dates 3/26/96 3/26 to 3/27 /96 3127/96 

Location Left Wall Near Optntor Area 1st Floor Break 
Bin Washer Room 

C02 average 466ppm 388 ppm 532ppm 
OSHA PEL• 10,000ppm 10,000ppm 10,000ppm 
RTI Smz2ested Limit l,OOOnnmb l,OOOnnm 1,000ppm 

CO average Oppm Oppm Oppm 
OSHA PEL 35ppm 35oom 35 DDm 

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.J.% 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 or 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. H20 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 

~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 contatnination 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 A4.6). 

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 µm 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/cm3 

was assumed as a conservative estimated for the particles counted by the LPC; the density of 
water is 1 g/cm3 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 µm and the total 
mass up to 15 µm 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 IO mg/m3 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/m3

, 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 

Location (mglm3) Notes 

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 to 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 --
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Table A-15. 
Mass Concentrations for the Autoclave Facility 

Total 
Mass<Sµm Mass 

Location (mf!/m3
) (m~m3) Noted activitv durin2 samplin2 

Breakroom 0.0002 0.0056 

Table near operators 0.0103 0.0759 autoclave opened after 1st 10 µm 
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/cm3 
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A.9 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 irt 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 

.. ,; .. ii n ..... r (\l"!>t;nn , .... 'nn A~•" 
.. - I 

Autoclave 1 03!26/96 Cntrl Pnl A to ril!ht of button 2"x4" Ne2 
Autoclave 2 03!26/96 Cntrl Pnl B 2"x4" Nee: 
Autoclave 3 03!26/96 Concrete floor mill behind Cntrl Pnl 3"x5" +++ 
Autoclave4 03!26/96 Cntrl Pnl below condenser knob l"x 3" Nee: 
Autoclave 5 03!26/96 Cntrl Pnl below temn readout 3"x4" Nee: 
Autoclave 6 03!26/96 Tub dumn restraint bar - rie:ht l.S"x6'' Ne2 
Autoclave 7 03!26/96 Tub dmnn restraint bar - left 1.S"x 10.5" +++ 
Autoclave 8 03!26/96 Plexidass solash wall - waste side 4"x5" Nee: 
Autoclave 9 03!26/96 Tub dumner (left) wet area 6"x6" Ne2 
Autoclave 10 03!26/96 Tub dumner (ril?ht) wet area 6"x6" Ne2 
Autoclave 11 03!26/96 Worker face shield entire sfc 15.5"x 8" Neg 

Autoclave 12 03!26/96 Floor drips from ba2s in small tubs +++ 
Autoclave 13 03!26/96 Lar2e tub wet top edl?e 6"x3" Nee: 
Autoclave 14 03!26/96 Lar2e tub too handle Neg 

Autoclave 15 03!26/96 Waste convevor roller +Ht 
Autoclave 16 03!26/96 Railin2 next to tub dumoers 6"x3" +++ 
Autoclave 17 03!26/96 Comnactor clamn ratchet handle 2" circumf. Nel? 
Autoclave 18 03!26/96 Comnactor too railing (verv soiled) l"x 12" +Ht Verv soiled smface 
Autoclave 19 03/26/96 Comnactor ed2e l"x 12" ++ V erv soiled smface 
Autoclave 20 03/26/96 Comnactor. nnnosin2 top rail l"x 12" ++ Verv soiled smface 

Autoclave 21 03/26/96 Asphalt release a2ent (test) Ne2 
Autoclave 22 03/26/96 Tub washer water ++ 
Autoclave 23 03!26/96 Tub dumner end rail l"x 12" +Ht 
Autoclave 24 03/26/96 Tub dumner retainer bar ril.!ht 24" ++ 
Autoclave 25 03/26/96 Wood waste pokin2 stick handle 12" +++ Visible blood 

Autoclave 26 03/26/96 Cntrl Pnl B 6"x6" Nee: 
Autoclave 27 03/26/96 Cntrl Pnl metal shelf 12"x 24" +Ht 
Autoclave 28 03/27/96 Concrete fir drios left of tub dmnn +++ 
Autoclave 29 03!27/96 Cntrl Pnl A left of button 6"x6" +Ht 
Autoclave 30 03/27/96 Cntrl Pnl B left of button 6"x6" Ne2 -

Autoclave 31 03!27/96 Plexidass solash wall 6"x6" + 
Autoclave 32 03/27/96 Fir left tub dmn aft N aOCl clean. drv 4"x S" Nee: 
Autoclave 33 03/27/96 Tub dumner left railin2 6"x3" +++ 
Autoclave 34 03/27/96 Worker face shield entire sfc 15.5"x 8" Nee: 
Autoclave 35 03!27/96 Cntrl Pnl below temn readout 3"x4" Nee: 
Autoclave 36 03!27/96 Cntrl Pnl below condenser knob Ne2 
Autoclave 37 03/27/96 Cntrl Pnl shelf same area as 3/26/96 12"x24" Ne2 
Autoclave 38 03127/96 Cntrl Pnl shelf adiacent area 12"x 24" +Ht 
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Autoclave 39 
Autoclave 40 

Autoclave 41 

Autoclave 42 

Autoclave 43 

Autoclave 44 

Autoclave 45 

Neg 
+Nht 
+Nhm 
+Ht 
+ 
++ 
+++ 

03!27/96 Waste conve'YOI', If.I of a roller 
03!27/96 Lar2e Tub handle 
03!27/96 Hvdralic lift handle 

03!27196 Rail above Unit #2 

03'27196 Flammable cabinet ton cd2e 

03'27196 Cabinet next to door maint. area 

03'27196 Tool box top next to Unit #2 

•Hemastix Key 
Negative· No color change 
Positive non-hcmolyzed trace 
Positive non-hcmolyzed moderate 
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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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 
bloodbome 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 bWiding. 

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 bloodbome 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 

r---•- :H l""l<it .. T ---...;",., "--- ITnt~I l'"'C'1l ITnt~I J:1 --1! 

Autoclave 1 03/'26/96 Cntrl Pnl A 2"x2" 20 0 

Autoclave2 03/'26/96 CntrlPnl B 2"x2" 22 0 

Autoclave3 03126/96 Condenser Switch 1h 4 0 

Autoclave4 03126196 Svstem start button 1h 28 0 

Autoclaves 03126/96 Floor soill bv cntrl nnl 2"x2" 114 0 

Autoclave6 03/'26/96 Restraint bar rieht tub dnmner l"x3" 300 0 

Autoclave 7 03/'26/96 Restraint bar left tub dnmner l"x 3" 'INTC 0 

Autoclave 8 03/'26/96 Toilet rim <Control) 2 in2 'INTC 0 

Autoclave 9 03/'26/96 Toilet seat (Control) 2 in2 62 0 

Autoclave 10 03/'26/96 Toilet handle 1h (Control) 13 0 

Autoclave 11 03/'26/96 Plexi2lass solash wall • waste side 2"x2" 4 0 

Autoclave 12 03/'26/96 Tub inside ton cd2e • wet 2"x2" 1NTC 0 

Autoclave 13 03/'26/96 Railinl? next to tub dumner 2"x2" 'INTC 0 

Autoclave 14 03/'26/96 Railinl? near cntrl nnl 20 0 

Autoclave 1 S 03/'26/96 Kevboard cover mace bar so 0 

Autoclave 16 03/'26/96 Hand truck handle 46 0 

Autoclave 17 03/'26/96 Worker 2love so 0 

Autoclave 18 03/'26/96 Railinl? left of dumner 'INTC 0 

Autoclave 19 03/'26/96 Face shield • sunervisor 2"x2" 39 0 

Autoclave 20 03/'26/96 Face shield - worker 2"x2" 52 0 

Autoclave 21 03/'26/96 Scan irun cntrl nnV handle, trieeer 4 0 
Autoclave 22 03/'26/96 Telenhone receiver handle 6 0 

Autoclave 23 03/'26/96 Small tub cd2e 25 0 

Autoclave 24 03/'26/96 Floor drins from ba2s in small bins 'INTC 0 

Autoclave 25 03/'26/96 Door knob exit to break room hall 194 0 
Autoclave 26 03/'27/96 Cntrl Pnl A l"x 3" 40 0 
Autoclave 27 03/'27/96 Cntrl Pnl B l"x 3" 27 0 
Autoclave 28 03/'27/96 Condenser Switch 1h 1 0 
Autoclave 29 03/'27/96 Svstem start button 1h 2 0 
Autoclave 30 03/'27/96 Restraint bar rieht tub dnmner l.5"x 3.S" 75 0 
Autoclave 31 03/'27/96 Restraint bar left tub dnmner 1.5"x 3.S" 'INTC 0 
Autoclave 32 03/'27/96 Floor to left of tub dnmner • wet 'INTC -0 
Autoclave 33 03/'27/96 Tub dumner inside ril?ht • wet 2"x2" 'INTC 0 
Autoclave 34 03/'27/96 Tub dnmner inside left • wet 2"x2" 1NTC 0 
Autoclave 35 03/'27/96 Railin2 near cntrl pnl 2"x2" s 0 
Autoclave 36 03/'27/96 Railinl? to left of tub dnmner 'INTC 0 
Autoclave 37 03/'27/96 Kevboard covez macebar 25 0 
Autoclave 38 03/'27/96 Small tubs • wet cd2e 'INTC 0 
Autoclave 39 03/'27/96 Telenhone receiver handle 1 0 
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.utoclave 40 03n.7/96 Scanner 2 0 

.utoclave 41 03n.7/96 Glove - sunervisor ·o 0 

.utoclave 42 03n.7/96 Face shield - worker 2"x2" TNTC 0 

.utoclave 43 03n.7/96 l..arl?e tub edl?C • wet 4"x4" TNTC 0 

.utoclavc 44 03n.7/96 Hand ttuck handle l"x8" 0 0 

.utoclave 4S 03n.7/96 Plexh?lass solash shield - waste side 4"xS" 0 0 

.utoclavc 46 03n.7/96 Door knob exit from maintncc to hall 0 0 

.utoclave 47 03n.7/96 Door knob exit to break room hall TNTC 1 

.utoclave 48 03n.7/96 Toilet scat (uostrs office Men) Cntrl 2"x2" 0 0 

.utoclave 49 03n.7/96 Toilet handle 0 0 

.utoclave SO 03n.7/96 Toilet rim 0 0 

.utoclave S 1 03n.7/96 Table ton unstairs conf room 4"x4" 0 0 

.utoclave S2 03n.7/96 Handle, dr to dwnstrs near conf room 4"x3" 0 0 

.utoclave S3 03n.7/96 Computer space bar, office 0 0 
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Table A-18. 
Staphylococous Aureus Test Results 

~ .... 
Autoclave 1 03126196 Cntrl PnlA 2"x2" 61 0 
Autoclave2 03126196 Cntrl Pnl B 2"x2" 36 0 
Autoclave 3 03126196 Condenser Switch ~ 0 0 
Autoclavc4 7 0 
Autoclave 5 2"x2" 178 0 
Autoclave6 03126196 Restraint bar ri t tub er J"x3" 4 0 
Autoclave 7 03126196 Restraint bar left tub 1"x3" 3 0 
Autoclave 8 03126196 Toilet rim Control) 2 in2 9 0 
Autoclave 9 03126196 Toilet scat Control 2 in2 86 0 
Autoclave 10 32 0 
Autoclave 11 2"x2" 6 0 
Autoclave 12 2"x2" 23 0 
Autoclave 13 er 2"x2" 18 0 
Autoclave 14 16 0 
Autoclave 15 77 0 
Autoclave 16 48 0 
Autoclave 17 38 0 
Autoclave 18 er 5 0 
Autoclave 19 2"x2" 38 0 
Autoclave 20 03126196 Face shield • worker 2"x2" 56 0 
Autoclave 21 er 59 0 
Autoclave 22 5 0 
Autoclave 23 37 0 
Autoclave 24 92 0 
Autoclave 25 03126/96 Door knob exit to break room hall 1NTC 0 
Autoclave 26 03127/96 Cntrl Pnl A l"x 3" 85 0 
Autoclave 27 03'27/96 Cntrl Pnl B l"x 3" 99 0 
Autoclave 28 03'27/96 Condenser Switch 'h 7 0 
Autoclave 29 4 0 
Autoclave 30 l.5"x 3.5" 45 0 
Autoclave 31 1.5"x 3.5" 34 0 
Autoclave 32 160 ·o 
Autoclave 33 2"x2" 1NTC 0 
Autoclave 34 2"x2" 1NTC 0 
Autoclave 35 2"x2" 35 0 
Autoclave 36 35 0 
Autoclave 37 42 0 
Autoclave 38 219 0 
Autoclave 39 03'27196 Tel hone rcceiVC" handle 9 0 
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___ , .. " n .. •~ '--ft..:-- A-ft 'Tnt'>l ri:<'Jl 1Tnt'21 C:: ft•-•"c I 

utoclave40 03fl7/96 Scanner 23 0 
utoclave 41 03fl7/96 Glove- :..or 43 0 
utoclave 42 03fl7/96 Face shield - worker 2"x2" 7 0 
utoclave 43 03fl7/96 Lar2e tub ed2e - wet 4"x4" 246 0 
utoclavc44 03fl7/96 Hand truck handle l"x 8" 9 0 
utoclavc45 03fl7/96 Plexi1da_c:s mlasb shield • waste side 4"x5" 12 0 
utoclave46 03fl7/96 Door knob exit from maintnce to hall 4 0 
utoclavc 47 03fl7/96 Door knob exit to break room hall 1NTC 0 
utoclave48 03fl7/96 Toilet seat <unstrs office Men) Cntrl 2"x2" 9 0 
utoclave 49 03fl7/96 Toilet handle 60 0 
utoclave 50 03fl7/96 Toilet rim 2 0 
utoclave 51 03fl7/96 Table too unstairs conf room 4"x4" 0 0 
utoclave 52 03fl7/96 Handle, dr to dwnstrs near conf room 4"x3" 42 0 
utoclave 53 03fl7/96 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. 1be 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 JandfiJJ 

This facility used a combination of generally good engineering controls on equipment with 
heavy reliance on worker traming 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. Elcctrical 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 Voes were observed at the facility, but no OSHA permissible exposure limits 
(PELs) or ACGIH threshold limit values (Tl.Vs) were exceeded. The highest concentration voe 
for the three locations within the facility was 2-propanol at 643, 556, and 589 µglm3

• 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/m3 as compared to the OSHA PEL of 0.94 mg/m3 and the ACGili TL V of 0.37 mg/m3 

(ceiling limit). Acetaldehyde and acetone were also observed but at concentrations of nominally 
0.07 mg/m3

, several orders of magnitude lower than the respective PELs of 360 and 2400 mg/m3
• 
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The results of the metals sampling indicate minimal levels (most are Jess than the detection 
limits), of the following metals, Be, Al, Cr, Mn, Fe, Co, Ni, Zn, Cu, As, Se, Ag, Cd, Sb, Ba, TI, 
Pb and Hg. 

The indoor air quality evaluation for temperature, humidity, carbon dioxide (COi), 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 sc;>urces 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 Pennissable 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 1W A of 10 mg/m3 for particulates not 
otherwise classified. All measurements were below 1.0 mg/m3 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. 11lree 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 bloodbome 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 ~xposure to blood from the 
untreated waste. 
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APPENDIXB. 

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 medic.al waste so as to reduce or 
eliminate its potential for causing disease." The MWT A also had a destruction requirement that 
regulated medical waste be "ruined, tom 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. 
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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 vapc>rs, 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 an 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 retated 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 an 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 lbs/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-home 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 haz.ard 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 Oveniew 

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 assessment areas arc 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. 

Ventilation and HV AC 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 

B-4 



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 contammation 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 ga\17.C. The gau:ze 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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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 bopper 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 

Sienificant Positives 

Proactive management. 
Located in an industrial area, no residential, school, or other non-industrial neighbors 

within immediate vicinity. 
Good fire protection. 

• Sprinkler system in plant. 
• City fire hydrant directly across the street. 

Approved, fixed ladder access to roof. 
Overall, plant and offices well maintained. 

Sitmificant Ne&atives 

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 l, 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. AD EXII doors must swing .QllI when 
exiting the area. 

• Exit doors may N.QI be locked on the inside. AD 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 lli and it was capable of 
being key locked. 
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• 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. Consider 
installation of hard wired EXIT lights above designated exits. Note - EXIT lights 
with battery backup will give emergency lighting; ahematively flashlights/lights 
that plug into rcceptacJes and activate on power failure are available. 

• Periodic (at least annual) emergency drills should be conducted. 
• CJear, unobstructed, designated, aisleways in the plant were not observed. e.g. 

paint lines on plant floor 3 feet apart leading to EXIT door(s). ADow 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 Mis 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 

• Unit 1 and Unit 2 

• Unit 1 

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. 

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. 

Miscellaneous Safety Items: 

• 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. 

• 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 5000 gallon) diesel fuel tank about 30 feet from the fence behind 
the microwave facility plant. The fuel tank does NQI 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 
in.formation provided by the plant manager. 

Si~cant Positives 

The company has an·active company safety committee. 
Excellent written programs are in place for: 

• Bloodbome Pathogens 
• Hazard Communication 
• 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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Simificant Ne&atives 

No written respirator protection program was available. 

Other Issues 

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

• The "Disposal Services Agreement, Section 2.1," did not specifically EXCLUDE 
RADIOACTIVE WASTE, AS DEFINED BY 1HE NUCUAR REQl.JLAlPRY CQMMISSJQN. 
An audit program (e.g. semiannually) to check incoming waste for radioactive 
content was not in place. 

• 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 contingency, 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 

Task: Unloadin~ Truck 

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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Task: Loadini: Microwave Unit Bins/Loaciini: Hopper 

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®; Jeave 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: 

(1) Move control panel 10 opposite end of unit to physically 
remove the worker from the hazard. 

(2) 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: Washin~ 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 P APR use. 

B.2.S Additional Concern 

ItanSl>ortationSa{ety 

• A review 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 Transponation 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, Zcposcetor (pyrethin/pipemyl 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 (GCIMS). Identification of unknown sample 
constituents was performed using an electronic search of the NIH/EP AIMSDC 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 voes that arc amenable to analysis by the multisorbant 
method arc shown in Table B-1. 

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

Several voes were observed at the facility. 1bey arc listed in Tables B-2 to B-5 and 
Figures B-3 to B-6. The concentrations given arc based upon the formula weight of toluene, and 
only those voes in excess of 0.05 mg/m3 arc reported. 1be total voe 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 Add 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 
gel/DNPH-(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/µL 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. l, and over Microwave Unit No. 2. 

The aldehyde results (Table B-8) indicated minimal concentrations ranging from 0.007 
mg/m3 to 0.2 mg/m3

; 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 C3-Benz.enes Bromoform 

l, 1 ,2,2-Tetrachloroethane C4-Benz.ene lsopropanol 

Dibromochloromethane Methylene Chloride Propanol 

Bromodichloromethane Bromethane Butanol 

cis-1 ,3-Dichloropropene Chloroethane Pentanol 

l, 1 ,2-Trichloroethane Chloromethane Benz.enc 

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, I -Trichloroethane Dichlorobenzenes Vinyl Chloride 

Carbon Tetrachloride 1-1-Dichloroethene Xylenes 

Tetrachloroethene 
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Table B-2. VOC Results 
Site 2 Microwave Unit No. 1 
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"Table B·3. VOC Results 
Site 2 Microwave Unit No. 2 
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Figure B-4. VOC Results 
· Site 2 Microwave Unit No. 2 
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Table B-4. VOC Results 
Site 2 Near Bin Wash Area 
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Table B-S. VOC Results 
Site 2 Field Blank 
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Ficure B-6. VOC Results 
Site 2 Field Blank 
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Chloroform 

Toluene 

o-Xylene 

Table B-6. Medical Waste 
Field Control Recoveries VOC's 

Site2 
., Recovery 
FCvs. LC 

107.3 

116.2 

106.8 

Vinyl Chloride 88.8 

Benzene 103.2 

Trichloroethylene 103.1 

Formaldehyde 

n-Propanal 

Benzaldehyde 

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

Acetaldehyde Acetone 

Crotonaldehyde n-Butanone 

n-Pentanal n-Tolualdehyde 
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n-Butanal 

n-Hexanal 



Table B-8. 
Results of Aldehyde Analysis 

Sample ID Location .Air Volume 

4364 Microwave Unit No. 1 52.0L 

4365 Microwave Unit 2 50.4L 

4366 Tub Wash Area 50.7L 

4367 Tub Wash Area Duplicate 50.5 L 

FB-2 Field blank O.OL 

Concentrations Expressed in (µg/m3
) 

Solution Field 
Sample ID Field Control Blank 4364 4365 4366 4367 Blank 

Compound % Recovery 

Formaldehyde 93 <2.6 16 8.5 7.8 8.3 <2.6 

Acetaldehyde 100 <2.6 81 17 29 32 <2.6 

Acetone 119 <2.6 203 59 74 77 3.8 

Acrolein 0 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 

Propionaldehyde 81 <2.6 6.1 <2.6 <2.6 <2.6 <2.6 

Crotonaldehyde 6 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 

2-Butanone 230 <2.6 15 2.8 4.2 4.9 <2.6 
. 

Methacrolein 44 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 
-

Butyraldehyde 86 <2.6 6.9 <2.6 <2.6 2.6 <2.6 

Benz.aldehyde 98 <2.6 5.1 <2.6 <2.6 2.9 <2.6 

V aleraldehyde 81 <2.6 3.8 <2.6 <2.6 21 <2.6 

m-Tolualdehyde 89 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 

Hexanal 80 <2.6 5.9 <2.6 3.3 3.1 <2.6 
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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), Jead (Pb), manganese (Mn), labile mercury (Hg•2

), nickel 
(Ni), phosphorus (P), selenium (Se), silver (Ag), thallium ('11) and zinc (Z.n). Following the 
peroxide impingers were two impingers containing acidified potassium permanganate for the 
collection of elemental mercury (Hg 0 

). A miniaturil.ed version of the sampling train that 
incorporates Diidget impingers (1 - 2 Umin sampling rates) instead of the Greenburg/Smith 
impingers (approximately 20 Umin) was used. 

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

The measurement of these resulting samples included graphite furnace atomic absorption 
(GF AA) for As, Sb, and Se, cold vapor atomic absorption (CV AA) 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, TI 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, TI, Pb and Hg. Quality control data for the metals testing is shown in 
Table B-12. 

B.4.S Indoor Air Quality 

The indoor air quality was evaluated from 4110196 to 4/11/96 using a Metrosonics Air 
Quality Monitor AQ-501 (SIN 1613). The air was evaluated for temperature, humidity, carbon 
dioxide (CO:J, and carbon monoxide (CO). The resul~ (Table B-13) indicate adequate indoor air 
during the sampling period. 
B.S NOISE, ERGONOMICS, AND RADIATION 

B.S.1 Noise 

A noise survey was conducted on 4110/96 using a Quest Sound Level Meter (SIN 
DL8110002) calibrated with a Quest Calibrator (SIN 18100013). 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 (SIN HM 0010038A) was also used to collect 
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Table B-9. Site 2 
Metals Analysis (µg/m3

) 

Blank Conected 

Location Microwave Unit No. 1 

RTIIECDNo. 4296 4290 4291 4292 4293 
Identifier Preftlter lmpinger1 lmpinger2 lmplnger3 Jmplnger4 

Air Volume 0.419 0.419 0.419 0.419 8.419 
lm,) 

M~tals 

Be «J.07 «J.07 «J.07 «J.07 a 

Al <7.2 <7.2 <7.2 <7.2 a 

Cr <1.2 <1.2 <1.2 <1.2 a 

Mn 0.32 0.06 2.94 3.25 a 

Fe 7.6 1.26 «J.4 0.74 a 

Co «J.48 «J.48 «J.48 «J.48 a 

Ni <0.24 <0.24 <0.24 <0.24 a 

Zn 2.86 <1.2 <1.2 <1.2 a 

Cu o.so <0.07 <0.07 0.33 a 

Cd «J.02 <0.02 «J.02 «J.02 a 

Sb <0.02 <0.02 «J.02 «J.02 a 

Ba 0.36 0.05 0.10 0.13 a 

TI <0.02 <0.02 <0.02 «J.02 a 

Pb 0.12 <0.11 «J.11 0.12 a 

Hg•2 0.27 <0.05 «J.05 «J.05 a 

Hgo b b b b 1.85 

As <0.12 <0.12 «J.12 «J.12 a 

Se <0.12 «J.12 «J.12 «J.12 a 

Ag «J.12 «J.12 «J.12 «J.12 a 

p <11.9 <11.9 <11.9 <11.9 a 

a. lmpingers 4-6 analyzed only for Hg 0 

b. Prefilter and impingers 1-3 analyzed for Hg•2 
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4294 4295 
Iaplnger5 lmpinger6 

0.419 0.419 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

«J.03- 0.63 

a a 

a a 

a a 

a a 



Location 

R'DIECDNo. 4303 

Table B-10. Site 2 
Metals Analysis (µ.g/m.3

) Set 2 
Blank Corrected 

Microwave Unit No. 2 

4297 4298 4299 4300 

. 
Identifier Premter lmpbagerl lmpiDger2 lmpbager3 lmpbager4 

Air Volume 8A10 8A10 OAIO OAIO OAIO 
lm'l 

Metals 

Be <.0.07 <.0.07 <.0.07 <.0.07 a 

Al <7.3 <7.3 <7.3 <7.3 a 

Cr <1.22 <1.22 <1.22 <1.22 a 

Mn 0.09 O.lS <.0.07 O.S3 a 

Fe 6.4 2.88 0.39 0.76 a 

Co <.0.49 <.0.49 <.0.49 <.0.49 a 

Ni <.0.24 <.0.24 <.0.24 <.0.24 a 

Zn <1.22 <1.22 <1.22 <1.22 a 

Cu 0.12 <.0.07 <.0.07 0.09 a 

Cd <.0.02 <.0.02 <.0.02 <.0.02 a 

Sb <.0.02 <.0.02 <.0.02 <.0.02 a 

Ba 0.13 0.19 O.lS 0.13 a 

n <.0.02 <.0.02 <.0.02 <.0.02 a 

Pb <.0.12 <.0.12 <.0.12 <.0.12 a 

Hg•2 <.O.OS <.O.OS <.O.OS <.O.OS a 

Hgo b b b b ·o.69 

As <.0.12 <.0.12 <.0.12 <.0.12 a 

Se <.0.12 <.0.12 <.0.12 <.0.12 a 

Ag <.0.12 <.0.12 <.0.12 <.0.12 a 

p <12.2 <12.2 <12.2 <12.2 a 

a. lmpingers 4-6 analyzed only for Hg 0 

b. Prefilter and impingers 1-3 analyi.ed for Hg•2 
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4301 4302 
lmpbager5 lmpbager6 

OAIO OAIO 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

<.0.03. 0.08 

a . - a 

a a 

a a 

a a 



RTl/ECDNo. 
Identifier 

Metals 

Be 

Al 

Cr 

Mn 

Fe 

Co 

Ni 

Zn 

Cu 

Cd 

Sb 

Ba 

n 
Pb 

Hg•2 

Hgo 

As 

Se 

Ag 

p 

Table B-11. Site 2 
Metals Analysis (Total µ.g) 

Blank Data 

4309 4305 
Filter Blank Metals lmpinger 

Blank 

<0.03 <0.03 

<3.0 <3.0 

<O.S <0.S 

<0.03 <0.03 

<O.S 0.83 

<0.2 <0.2 

<0.1 <0.1 

<O.S <O.S 

<0.03 0.053 

<0.01 <0.01 

<0.01 <0.01 

<0.03 <0.03 

<0.01 <0.01 

<0.05 <0.05 

<0.02 <0.02 

b b 

<0.05 <O.OS 

<0.05 <O.OS 

<O.OS <O.OS 

<S.O <S.O 

a. Me.rcury impinge.r analyzed only for Hg 0 

b. Metals impingcr analyzed for Hg•2 
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4307 
Mercury 

lmplnger Blank 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

0.0102 

a 
-
a 

a 

a 



Metal Total uf!. 

Be 110 

Al 1020 

Cr 86.5 

Mn 90.0 

Fe 992 

Co 64.0 

Ni 440. 

Zn 101 

Cu 96.2 

Cd 101 

Sb 4.74 

Ba 102 

TI 4.85 

Pb 346 

Hg NIA 

As 5.2 

Se 4.85 

Ag NIA 
p 488 

TableB-12. 
Quality Control For Metals 

(Spike Recoveries) 

Solution 

~Recovery 

110 

102 

86.5 

90.0 

99.2 

64.0 

88. 

101. 

96.2 

101 

94.8 

102. 

97.0 

69.2 

104. 

97.0 

97.6 
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Filter 

Total u2 "1 Recover 

10.0 100 

NIA -
9.88 98.8 

10.1 101 

21.4 85.6 

9.4 94.0 

10.1 101. 

43.4 86.8 

25.2 101. 

9.52 95.2 

NIA --
9.7 97.0 

9.42 94.2 

24.7 98.8 

NIA --
48.4 96.8 

25.0 ··100.0 

4.4 88.0 

NIA --



mmlcDates 4110196 

ocation First Floor 
Office.Area 
Near Copier 

0 2 average 412ppm 
SHAPEL1 10,000ppm 
TI Suggested Limit l,000 ppmb 

0 average lppm 
SHA PEL 3S ppm 

::mp. average 70.8°f 
minimum 68.9°f 
maximum 76.7° 

::lativc humidity 
average 2S.6% 
minimum 21.7% 
maximum 27.4% 

Table B-13. 
·Indoor Air Quality 

4110196 4110196 

Sink.Area BmrhNear 
in Plant Cootainer 

Wash in Plant 

490ppm 469ppm 
10,000ppm 10,000ppm 
l,OOOppm t,OOOppm 

Oppm Oppm 
· 3S ppm 3S ppm 

74.6°f 77.8°f 
69.1 Of 1S.S 0 f 
76.0°f 79.2°f 

23.3 % 18.5% 
19.8% 12.7% 
33.2% 26.5% 

4/10 to 4/11/96 4111/96 4111196 

Wt.igbing Area Outside First Floor 
Near Telephone Background Bdlind 

in Plant Reception 
Desk 

3S4ppm 323ppm 342ppm 
10,000ppm 10,000ppm 10,000 
J,OOOppm l,OOOppm ppm 

1,000 ppm 

Oppm Oppm 1 ppm 
3S ppm 3Snnm 3S ppm 

64.2°f 61.S 0 f 73.4°f 
SS.1°f 60.8°f 63.3°f 
77.6°f 62.1 Of 76.7°f 

31.4% 29.S% 23.9% 
17.3% 22.S% 22.5% 
44.0% 30.S% 30.S% 

>SHA PEL is the Occupational Safety and Health Administration Pennissible 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.S.2 Ergonomic lsmes 

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~ 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.S.3 Microwave Radiation 

A survey of the microwave units was conducted using a Narda Microlien Electromagnetic 
Leakage Monitor Model 8210 (SIN 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/cm2

, 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/cm2

• 

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 12195. 

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 64.6dBA 

Maximum Level 118.l dBA 

Average Level 59.S dBA 

%Dose 1.44 

OLTime 0.00 

Run Time 7 hr 54 min 
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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 located 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 I location. 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 tum them on. The biggest fan has a thennostat 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 comers 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 taD 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 Jevel 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 l'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 
steam 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. 
Uait 1 Air Cleaner System 
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The HEP A filter in Unit 1 was in backwards, resulting in no seal It is recommended that 
(in addition to facing the HEP A 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 HEP A and prefilter when the pressure drop across the HEP A 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. 7.ero pressure drop is not possible across a 
properly instaDed filter in an active air flow. It is recommended that the prcfilter be changed more 
often than the HEPA in order to allow better air flow and probably extend the life of the HEP A 
A schedule based on replacing the prcfilter twice as often as the HEP A seems reasonable as the 
unit does not have a monitor for the prcfilter's pressure drop. 1be best recommendation would be 
to upgrade the Unit 1 all' 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 all' 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 carbon sheets looked good. It is 
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 all' 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 all' 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 all' 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-ts. 
Airftow Measurements 

Note: 4110/96 and 4111196 were windy days 

~cation Velocity (fpm) or Notes 
1\r~~· .. :. ~ V1J1nn1> 

4110/96 
At truck door 20-175 emoty (no truck), brcezv 
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 
Outside near Unit 2 5-40 
Unit 2 5-40 
Loading Door 10-70 

20 avera2e 
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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 
effiuent to blow into the worker's breathing zones. 

The screen in the hopper should be cJeaned 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 cJeaning 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 HEP A 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 HEP A seems reasonable as the 
unit does not have a monitor for the prefilter's pressure drop. TJle 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 l, in that the prefilter should be changed out more often than the HEP A 

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 µm and with the Laser Particle Counter (LPC) that 
measures number of particles in various sii.e rangesas described in Appendix I. An average 
density of 1.5 g/cm3 was assumed and mass concentration below S µm and total up to 1 S µm 
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/m3 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 Notes 
Concentration 

fma/m~) 

Office Area 0.010 
Outside • near truck 0.018 verybrcezv 

Truck entrance 0.021 iust 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 dumoing 0.016 
Unit l - 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 loadinE! 0.007- 0.017 
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-Table B-17. 
Aerosol Mas.s Concentrations 

based on LPC data and an assumed density of 1.5 g/cm.3 

Location Mass<S Total Mass Notes 
pm (mg/m3) 

(ml!/m3) 

Conference Room 0.003 0.021 

LoadinJ? Door 0.013 0.121 no activity 
Outside truck 0.003 0.011 
oadin2 area · 
Unit 2 dump 0.001 0.072 outdoors, upwind of unit 

Unit 1 dump 0.001 0.057 upwind 

Loadin2 door 0.007 0.104 nearby, while moving bins 
Loading door 0.007 0.041 !While unloadin2 
Box near Unit 2 0.011 0.082 
Near washer, 0.007 0.034 
l. p 

4111196 
Loading area· 0.005 0.046 dumpster bein2 left 

Outside Unit 2 0.004 0.026 upwind, not very breezy 
dump 
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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 
minimiu 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 
bloodbome 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 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 by installion of a canopy over the control station. 
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TableB-18. 
Phase 1 Surface Blood Field Test Results 

~ft---1 .. :ll ""''" '~ft.;~",~ A.aft w - ,, I 

Microwave 46 04/10196 Drins on floor by .:...__._,Unit 1 4"x4" ~ 
Microwave 47 04/10196 Tub lid liauid on too. Unit 1 14"x4" +++ 
Microwave 48 04110196 Dunmer fldee Unit 1 4"x4" +++ Drv visible blood 

Microwave 49 04/10196 DWDDCC shroud ext. area. nmt Unit 1 8"x4" ~ Drv visible blood 

Microwave SO 04/10196 Cntrl Pnl @ ston button, Unit 1 + 
Microwave S 1 04/10196 Gloves of oocntcr after dumnin2 +Nbm 

Microwave S2 04/10196 GoHles of oocntor Nc2 

Microwave S3 04/10196 Fluid drin wxb ~ Nc2 
Microwave S4 04/10196 Waste~ dr, ton mc,e_ Unit 1 6"xS" + Orv SDlattcrs, streaks 

Microwave SS 04/10196 End washer wall near Unit 1 7"x 7" +++ 
Microwave S6 04/10/96 Tub wash solution test Nc2 
Microwave 57 04/10/96 Handle, door to inside Unit 2 lfl handle Nc2 
Microwave 58 04/10/96 Dumne- shroud ext. area, left, Unit 2 6"x6" +++ Visible blood streaks 

Microwave 59 04110/96 Soots on wall onnos. dumnf'!I', Unit 2 ++ 

Microwave 60 04/10/96 Cntrl Pnl buttons. ston, lift, Unit 2 . +Ht 
Microwave 61 04110/96 Floor in loadin2 area 6''x 6" Ne2 
Microwave 62 04/10/96 Sink counter 12"x 12" +Ht 
Microwave 63 04110196 Ton towel dimenser 9"x5" + Dustv 
Microwave 64 04/10196 Tub, drv drio on cleaned tub 4"x4" +Nht 
Microwave 65 04/10/96 Telenhone receiver NCR 
Microwave 66 04/10196 Scannin2 run INcR 
Microwave 67 04/10/96 Wall corner bv stored waste, Unit 2 6"x6" NeR 
Microwave 68 04/10196 Far end tub washer wall. near sink 9"x 7" NeJ? 
Microwave 69 04/10196 Water cooler base too lfl area NCR 
Microwave 70 04/10/96 Ladder run2 to too Unit 1 + 
Microwave 71 04/10/96 Eve wash basin next to Unit 1 NeR 
Microwave 72 04/11/96 Shroud. outer left, Unit 1 6"x6" +++ 
Microwave 73 04/11/96 Shroud. inside, left, Unit 1 6"x6" +++ 
Microwave 74 04/11/96 Dumntt lin. Unit 1 7"x3" +++ 
Microwave 75 04/11/96 Shroud, inside ril!'ht Unit 1 6"x6" +++ 
Microwave 76 04/11196 Shroud. outer ril!'hL Unit 1 6"x6" -+++ 
Microwave 77 04/11/96 Floor under dumnez. Unit 1 6"x6" +++ Dried red mots 
Microwave 78 04/11/96 Cntrl Pn1. Unit 1 6"x6" + 
Microwave 79 04/11196 Washer wall end near Unit 1 7"x7" +++ 
Microwave 80 04111196 Wash wall far end toward office 7"x7" Ne2 
Microwave 81 04/11196 Door left side Unit 1 6"x6" Nc2 Dried streaks 
Microwave 82 04/11/96 Worm doves afttz dumnin2. Unit 1 +++ 
Microwave 83 04/11/96 Floor afttz monnin2 blood mill, Unit 1 6"x6" +++ 
Microwave 84 04/11/96 Shroud. outer le.ft Unit 2 6"x6" +++ 
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Microwave 85 04111196 Shroud. inside left. Unit 2 

Microwave 86 04/11196 Shroud, inside ri.2ht, Unit 2 

Microwave 87 04/11196 Shroud. outer rimt, Unit 2 
Microwave 88 04111196 Control Panel Unit 2 
Microwave 89 04/11196 Wall onnm. du~ Unit 2 

Microwave 90 04/11196 Goulcs after 

Microwave 91 04/11196 acan bin 
Microwave 92 04/11196 Kcvboard 
Microwave 93 04/11196 Under lid incomin2 bin 

Microwave 94 04/11196 Ton towel rack at wash sink 

Microwave 95 04/11196 Drink machine. can deoosit area 

Microwave 96 04/11196 Locker 

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 

... __ ft 

6"x6" 
6"x6" 

6"x6" 
6"x6" 
6"x6" 

6"x2' 
6"x6" 
6"x6" 
6"x6" 
12" x 3" 

Detection limit = 5000 RBC/ml sample which corresponds to 
0.000027 ml blood eluted from gauze wiped over a surface. 
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+++ 
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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 leaving 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, StaphylococcU.S 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 bloodbome 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 lightweight, corrugated roof. It is approximately 60 feet x 
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Table B·19. 
Staphylococcus aureus Test Results 

- '"" n,,t .. T ---..:-- ...... Tnt<>I rRrT Tnt<>I I:: -·-·~ n.i.- I 

Microwave S4 04/10196 
,_ 

edee, Unit 1 2"x2" 30 0 10 Bacillus 
Microwave SS 04/10196 Can access t>ort to waste.. Unit 1 2"x2" 0 0 
Microwave 56 04110/96 - shroud ldt side. Unit 1 2"x2" 2 0 
Microwave 57 04/10/96 !Uauid mill under ~ .. - Unit 1 2"x2" 484 0 
Microwave 58 04/10196 

,_ 
control nnl Unit 1 2"x2" 2 0 

Microwave 59 04/10196 ,_ shroud inside left. Unit 1 2"x2" 5 0 
Microwave 60 04110/96 Dumner shroud inside rimL Unit 1 2"x2" 1 0 
Microwave 61 04110196 - shroud outside ril!bt, Unit 1 2"x2" 7 0 
Microwave 62 04/10196 Inside truck on floor - wet 2"x2" 27 0 12 Bacillus 
Microwave 63 04110196 Washer wall end near Unit 1 2"x2" 2 0 
Microwave 64 04/10196 Tub lid ton. wet from waste, Unit 1 2"x2" 2 0 
Microwave 65 04110196 Tub dumocr cdRe, Unit 2 2"x2" TNTC 0 2 Bacillus 
Microwave 66 04/10196 Dumncr shroud outside left. Unit 2 2"x2" 0 0 
Microwave 67 04/10/96 Dumncr shroud inside left. Unit 2 2"x2" 3 0 1 Bacillus 
Microwave 68 04/10/96 Dumncr shroud inside rillht, Unit 2 2"x2" 10 0 
Microwave 69 04110196 Dumncr shroud outside rimt Unit 2 2"x2" 3 0 2 Bacillus 
Microwave 70 04/10/96 Dumncr control pnl, Unit 2 2"x2" 6 0 
Microwave 71 04110196 Can access Port to waste, Unit 2 2"x2" 49 0 SBacillus 
Microwave 72 04/10/96 Door handle to inside Unit 2 2"x2" 6 0 
Microwave 73 04110/96 Door knob, exit to office area 3 0 1 Bacillus 
Microwave 74 04/10/96 Gloves from ooerator after loadin2 43 0 S Bacillus 
Microwave 75 04/10/96 Arm of hvdraulic lifter 2"x2" 45 0 4 Bacillus 
Microwave 76 04110/96 Toilet rim -office mens (Control) 2"x2" 8 0 1 Bacillus 
Microwave 77 04110196 Toilet scat - office mens (Control) 2"x2" 77 0 
Microwave 78 04110196 Toilet handle - office mens (Control) 3 0 
Microwave 79 04/11/96 Dumnr frnt outside below lio. Unit 1 2"x2" 26 0 6Bacillus 
Microwave 80 04/11/96 Dumncr shroud outside left. Unit 1 2"x2" 9 0 1 Bacillus 
Microwave 81 04111196 Dumner shroud inside left, Unit 1 2"x2" 26 0 26 Bacillus 
Microwave 82 04/11196 Dumne.r shroud inside rillht Unit 1 2"x 2" 1 0 
Microwave 83 04111196 Dnmner shroud outside rillht Unit 1 2"x2" 8 0 1 Bacillus 
Microwave 84 04/11196 Cntrl pnl below buttons. Unit 1 2"x2" 2 0 - 1 Bacillus 
Microwave 85 04111196 Floor driDs below duml'M".I', Unit 1 2"x2" 23 0 
Microwave 86 04/11196 Wash wall Mlle near Unit 1 4"x2" 43 0 
Microwave 87 04/11196 Wash wall ed2e far end towni office 4"x2" 0 0 
Microwave 88 04111196 Tub lio wet mot Unit 1 2"x2" 82 0 23 Bacillus 
Microwave 89 04/11196 Liauid. 11!.dee · tub, Unit 1 l"x2" TNTC 0 
Microwave 90 04/11196 Dumnr sfc waste contacts, Unit 1 2"x2" 51 0 1 Bacillus 
Microwave 91 04/11196 Dumner front lio, Unit 2 2"x2" 189 0 1 Bacillus 
Microwave 92 04/11/96 Dumner shroud outside left. Unit 2 2"x2" 3 0 1 Bacillus 
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Microwave 93 04/11196 DlllDDtt shroud inside left. Unit 2 2"x2" 162 0 3 Bacillus 
Microwave 94 04/11196 DlllDDtt shroud inside rimt, Unit 2 2"x2" 228 0 228 Bacillus 
Microwave 95 04/11196 Dunmtt shroud outside ri2ht, Unit 2 2"x2" 7 0 I Bacillus 
Microwave 96 04/11196 Can acc:css 'Dort to waste, Unit 2 74 0 9 Bacillus 
Microwave 97 04/11196 Liauid floor drins near dnmnr, Unit 2 47 0 6 Bacillus 
Microwave 98 04/11196 Cntrl Dnl lift buttons, Unit 2 46 0 11 Bacillus 

Microwave 99 04/11196 Onerator rlovcs aft dunmin2, Unit 2 71 0 13 Bacillus 

Microwave 100 04/11196 Door tnob exit to offices 6 0 
Microwave 101 04111196 Toilet rim womn office (Control) 1 0 
Microwave 102 04111196 Toilet scat womn office (Control) 1 0 
Microwave 103 04/11196 Toilet handle womn office (Control) 2 0 1 Bacillus 
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Table B-20. E. co6 Test Results 

Sample# Date Location Area Total TotalE. Otbtz I rs::fl A-11 

Microwave 54 04/10196 Dnmnl'l' ed~e.. Unit 1 2"x2" 1NTC 0 
Microwave 55 04/10196 Can access DOrt to waste. Unit 1 2"x2" 2 0 
Microwave 56 04/10/96 - shroud left side. Unit 1 2"x2" 87 0 
Microwave 57 04/10/96 Liauid mill under du~. Unit 1 2"x2" 1NTC 0 
Microwave 58 04/10196 control nnl Unit 1 2"x2" 17 0 
Microwave 59 04/10196 DnmTM".r shroud inside left. Unit 1 2"x2" 1NTC 0 
Microwave 60 04/10/96 Dumncr shroud inside ri~hL Unit 1 2"x2" 38 0 38 Bacillus 

Microwave 61 04/10/96 Dumncr shroud outside ri~ht. Unit 1 2"x2" 1NTC 0 9 Bacillus 

Microwave 62 04/10196 Inside truck on floor • wet 2"x2" 1NTC 0 
Microwave 63 04/10196 Washer wall end near Unit 1 2"x2" 2 0 
Microwave 64 04/10/96 Tub lid tot>. wet from waste Unit 1 2"x2" 1NTC 8 
Microwave 65 04110196 Tub dnm~ ed2e. Unit 2 2"x 2" 1NTC 0 
Microwave 66 04110196 Dumner shroud outside left Unit 2 2"x2" 31 0 
Microwave 67 04110196 Dumncr shroud inside lefL Unit 2 2"x2" 24 16 3 Bacillus 
Microwave 68 04110196 Dum~ shroud inside riPht. Unit 2 2"x 2" 1NTC 0 
Microwave 69 04110196 Dumner shroud outside rillht Unit 2 2"x2" 112 0 35 Bacillus 
Microwave 70 04110196 Dumner control t>nl Unit 2 2"x2" 16 1 
Microwave 71 04110196 Can access t>on to waste Unit 2 2"x2" 82 0 
Microwave 72 04110196 Door handle to inside Unit 2 2"x2" 28 0 10 Bacillus 
Microwave 73 04110196 Door knob exit to office area 3 0 
Microwave 74 04/10/96 Gloves from one:rator after loadin2 36 0 2 Bacillus 
Microwave 75 04110196 Arm of hvdraulic lifter 2"x2" 14 0 10 Bacillus 
Microwave 76 04/10/96 Toilet rim -office mens CContron 2"x2" 14 0 6 Bacillus 
Microwave 77 04/10/96 Toilet seat • office mens (Control) 2"x2" 3 0 
Microwave 78 04/10/96 Tiolet handle - office mens 6 0 4 Bacillus 

(Control) 

Microwave 79 04/11/96 Dumnr frnt outside below lit>. Unit 1 2"x2" TNTC 0 
Microwave 80 04/11/96 Dumncr shroud outside left Unit 1 2"x2" 206 0 51 Bacillus 
Microwave 81 04/11196 Dumner shroud inside lefL Unit 1 2"x2" TNTC 0 
Microwave 82 04/11196 Dumner shroud inside ri2ht. Unit 1 2"x2" TNTC 0 
Microwave 83 04/11196 Dumner shroud outside ri2ht Unit 1 2"x2" 20 0 
Microwave 84 04/11196 Cntrl t>nl below buttons Unit 1 2"x2" 9 0 4 Bacillus 
Microwave 85 04/11196 Floor driDS below ..:............ ..... Unit 1 2"x2" 1NTC 0 
Microwave 86 04/11196 Wash wall edge near Unit 1 4"x 2" TNTC 0 
Microwave 87 04/11196 Wash wall cd2e far end towrd office 4"x 2" 4 0 
Microwave 88 04/11196 Tub lin wet snot Unit 1 2"x2" TNTC 0 Bacillus 
Microwave 89 04/11196 Liauid Mge . tub Unit 1 l"x 2" TNTC 0 
Microwave 90 04/11196 Dumm sfc waste contacts Unit 1 2"x2" TNTC 0 Bacillus 
Microwave 91 04/11196 Dnmncr front lin. Unit 2 2"x2" TNTC 0 Bacillus 
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Microwave 92 04/11196 DnmTV'l" shroud outside left. Unit 2 2"x 2" nm: 0 Bacillus 
Microwave 93 04/11196 Dumner shroud inside left Unit 2 2"x 2" nm: 0 
Microwave 94 04111196 Dumner shroud inside rill'ht Unit 2 2"x2" 84 0 
Microwave 95 04/11196 Dumner shroud outside rill'hL Unit 2 2"x2" SS 0 
Microwave 96 04/11196 Can access t>Ort to waste. Unit 2 20 0 2 Bacillus 

Microwave 97 04/11196 Liquid floor drips near dumpr, 'JNrc 0 Bacillus 
Unit2 

Microwave 98 04/11/96 Cntrl nnl lift buttons Unit 2 12 0 S Bacillus 

Microwave 99 04/11196 :Onerator Rloves aft dumnin2. Unit 2 54 0 10 Bacillus 

Microwave 100 04111196 Door knob exit to offices 6 0 
Microwave 101 04/11196 Toilet rim womn office (Control) 1 0 
Microwave 102 04/11/96 Toilet scat womn office (Control) 0 0 
Microwave 103 04111/96 Toilet handle womn office (Control) s 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 me 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 me was protected by a charged water sprinkJer 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 ofthe'nominally 40 lb bins. Suggestions include stacking 
tubs only two high and the use of a dolly to minimiu pulling. The primary ba7.ard 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 ACGIB threshold limit values (lLVs) were exceeded. The compound with the 
highest concentrations for all three sampling sites was 2-propanol at 2318, 495, and 986 µg/m3

• 

The aldehyde results indicated minimal concentrations ranging from 0.007 mg/m3 to 0.2 
mg/m3

; several orders of magnitude lower than the respective OSHA PELs. 

The results of the metals sampling indicate minima] 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, n 
Pb and Hg. 

The indoor air quality was evaluation included temperature, humidity, carbon dioxide 
(C02), 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/cm2

, and pegged the survey meter 
offscale. This was brought to the attention of the operator who imme.diately tightened the unit 
and reduced the leakage to <0.1 mW/cm2

• 

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 $at 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 HEP A 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 HEP A filter in Unit 1 should be scaled 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 HEP A 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 HEP A 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 l, in that the prefilter should be changed out more often than the HEP A 

-
None of the aerosol measurements exceeded the TWA of 10 mg/m3 for particulates not 

otherwise classified. None of the indoor HAM Irieasurcments 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/m3

• Likewise the LPC measurements arc 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 
bloodbome pathogens. Also, blood residuals detected at the sink used for washing hands 
suggests the need for routine decontammation 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 
proteetion 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 SO 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 pathogens 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 HEP A filter is changed. All units are now manufactured to discharge to the 
roof of the units. 

B-57 



APPENDIXC. 

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 (MWI'A) 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 MWT A also had a destruction requirement that 
regulated medical waste be "ruined, tom 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. 
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C.1.1 Project Oveniew 

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 contan>inants 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 l 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 l 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, ind evaluate the 
effectiveness of engineering controls to protect the workers. · · 

C.1.2 Technology Oveniew 

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 si7.e but will be disinfected by the very high 
temperature of the treatment unit. AD 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 oth~rs. 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 biohaz.ards. 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, 
• preUminary respirable aerosol assessment, 
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• the assessment of blood on surfaces, and 
• the assessment of microbial surface contamination. 

Each of these assessed areas arc 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 exp~sure 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. Potentiai 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·HV AC 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 
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. 

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 comer 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 (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 resultl>f 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 Fadlity Review (Pyrolysis Area Only) 

Si&nificant Positives 

• Active, interested hospital ~gement. 

• Energetic vendor staff willing to make improvements. 

• Pyrolysis unit facility was contiguous to hospital for minimal waste transport but 
had separate, controlled entry. 

• Facility was well maintained. 

Significant Negatives 

• 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. 
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• NFP A 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. 

Misce)Janeous 

• Toeboard needed on landing platform 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 piping. 

• 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. 

Operational 

• 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); AD sharps containers should 
NOT be labeled "hazardous waste." 
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• Hai.a.rd Chemical Waste Management Plan- Section Il p. 18, 1; Hai.ardous 
chemicals being saved for recycling should be segregated by compatibility class, 
not comingled in one container. 

• Hazardous Chemical Waste Management Plan- Section Il (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 oµt. 

Pyrolysis Contractor 

• 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 beit 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 Nlli/EP A/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 c<>mpounds 
not found using the computer literature search. A semiquantitative estimate of the Mientified 
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 wnples 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 <:,-Benzenes Bromoform 

l, 1,2,2-Tetrachloroethane C4-Benzene lsopropanol 

I>ibromochloromethane Methylene Chloride Propanol 

Bromodichloro1Dethane Bro1Dethane Butanol 

cis-1,3-Dichloropropene Cbloroethane Pentanol 

l, 1,2-Trichloroethane Cbloromethane Benzene 

l, 1-Dichloroethane Chloroform Toluene 

1,2-Dichloroethene (Total) Trichloroethene Acrolein 

trans-1,3-Dichloropropene Chlorobenzene Acrylonitrile 

.1,2-Dichloroethane Ethyl Benzene Styrene 

l, l, I-Trichloroethane Dichlorobenzenes Vinyl Chloride 

Carbon Tetrachloride l, 1-Dichloroethene Xylenes 

Tetrachloroethene 
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VOCs were collected at a flow rate of nominally 15 cc/min for 5 hours, next to pyrolysis 
unit number l, between pyrolysis units number l and number 2 and at the back of pyrolysis unit 
number 2 in the shop area 

Several Voes were observed at the facility. They are listed in TabJes 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 voes in excess of 0.05 mg/m3 are reported. No OSHA permissible exposure limits 
(PELs) or ACGIH threshold limit values (TL Vs) were exceeded. Two voe 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 Add 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 
gel/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 nglµL 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-5. 

Air samples for aldehydes were collected at a flow rate of nominally 120 cc/min for 6 
hours, next to pyrolysis unit number l, 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/m3 as compared to the OSHA PEL of 0.94 mg/m3 and the ACGIH TL V of 0.37 
mg/m3 (ceiling limit). Acetaldehyde and acetone were also observed but at concentrations of 
nominally 0.07 mg/m3

, several orders of magnitude lower than the respective PEu of 360 and 
2400mg/m3

• 
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Table C-2. voe Results 
Site 3 Between Pyrolysis Units No. 1 and No. 2 
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Figure c-2. voe Results 
Site 3 Between Pyrolysis Units No. 1 and No. 2 

rue >32818 

1000 

6000 

4000 

1000 

30000 

2!5000 

20000 

1!5000 

1400 

1200 

1000 

100 

600 

400 

o.o 1.0 1.0 a.o 4.o e.o 6.o 1.0 1.0 t.o 10.0 11.0 12.0 

13.0 14.0 1!5.0 16.0 17.0 18.0 19.0 20.0 11.0 22.0 13.0 24.0 2 

24 

20 

16 

12. 

100 

.o 

3.0 

2.0 

1.0 

M, .. "-"" 11tf 0 . 
19.0 26.0 27.0 28.0 29.0 30.0 31.0 32.0 33.0 34.0 39.0 36.0 37.0 

C-15 



Table c-3. voe Resulu 
Site 3 Shop Area 
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Figure C-3. voe Resulu 
Site 3 Shop Area 
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Figure C-4. voe Results 
·Site 3 Field Blank 
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Table C-5. Example Aldehyde/ketones to Be Analyzed During Phase 1 Screening 

Formaldehyde 

n-Propanal 

Benzaldehyde 

Acetaldehyde 

Crotonaldehyde 

n-Pentanal 

C.4.4 Metals sampling and analysis 

Acetone 

n-Butanone 

n-Tolualdehytie 

Acrolein 

n-Butanal 

n-Hexanal 

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•2

), nickel (Ni), phosphorus (P), selenium (Se), silver (Ag), thallium (Tl) and zinc (Zn). 
Following the peroxide impingers were two impingers containing acidified potassium 
permanganate for the collection of elemental mercury (Hg 0

). 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 Umin 
sampling rates) instead of the Greenburg/Smith impingers (approximately 20 Umin) was used. 

Metals were collected at a flow rate of nominally 1 Umin for 6 ~ hours, next to pyrolysis 
unit number 1 and between the pyrolysis units. 

The measurement of these resulting samples included graphite furnace atomic absorption 
(GF AA) for As, Sb, and Se; cold vapor atomic absorption (CV AA) for Hg 0 , 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 minim.al 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, Tl, Pb and Hg. 
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Table C-6. Results of Aldehyde Analysis 

Sample ID Location Air Volume 

4427 Between Pyrolysis Units No. 1 and 2 43.0L 

4428 Between Pyrolysis Units No. 1 and 2 42.2L 
duplicate 

4429 Pyrolysis Unit No. 1 42.4L 

4430 Shop Area 42.1 L 

FB-3 Site 3 - field blank O.OL 

3 Concentrations emressed in (u.f!!m) 

Field Control Field 
Sample ~Recovery 4427 4428 4429 4430 Blank 

~omJ!Qund 

Formaldehyde 90 3.7 3.7 3.7 4.4 <2.6b 

Acetaldehyde 90 9.1 8.1 8.0 7.0 7.7 

Acetone 184• 91 86 99 8.9 S2 

Acrolein 0 <2.6 <2.6 <2.6 <2.6 <2.6 

Propionaldehyde 89 <2.6 <2.6 <2.6 <2.6 <2.6 

Crotonaldehyde 0 <2.6 2.6 3.6 3.0 <2.6 

2-Butanone 230• 2.6 2.6 3.2 3.6 <2.6 

Mcthaaolein 44 <2.6 <2.6 <2.6 <2.6 <2.6 

Butyraldehyde 89 <2.6 <2.6 <2.6 <2.6 _sl.6 

Btma!dehyde 98 14 13 18 16 <2.6 

v ale"Zaldehyde 86 <2.6 <2.6 <2.6 <2.6 <2.6 

m-Tolualdehyde 96 <2.6 <2.6 <2.6 <2.6 <2.6 

Hex anal 86 <2.6 <2.6 <2.6 <2.6 <2.6 
• lnterf erence present 
' 2.6 µg/m3 is the limit of detection 
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Table C· 7. Site 3 
Metals Analysis (J.lg/m3

) 

Blank Corrected 

Location Between the Pyrolysis Units. 

R11/ECDNo. 4407 4401 
Identifier Pnftlter lmplnger l 

Air Volume (m') 0.416 0.416 

Metals 

Be <0.02 <0.02 

Al <9.6 <9.6 

Cr 1.269 <1.2 

Mn <0.1 <0.1 

Fe <4.8 <4.8 

Co <0.2 <0.2 

Ni <0.2 <0.2 

Zn <1.2 <1.2 

Cu <0.05 <0.05 

Cd <0.1 <0.1 

Sb <0.02 <0.02 

Ba 0.055 <0.05 

TI <0.02 <0.02 

Pb 0.069 <0.02 

Hg•2 <0.03 0.0450 

Hgo b b 

As <0.05 <0.05 

Se <0.5 <0.S 

Ag <0.05 <0.05 

p <12 <12 

lmpingers 4-6 analyzed only for Hg 0 

Impingers 1-3 analyzed for Hg•2 

4402 4403 ..... 
lmplnger2 lmplngerJ laplnger4 

0.416 0.46 0.416 

<0.02 <0.02 a 

<9.6 <9.6 a 

<1.2 <1.2 a 

<0.1 <0.1 a 

<4.8 <4.8 a 

<0.2 <0.2 a 

<0.2 <0.2 a 

<1.2 <1.2 a 

<0.05 <0.05 a 

<0.1 <0.1 a 

<0.02 <0.02 a 

<0.05 <0.05 a 

<0.02 <0.02 a 

0.035 0.078 a 

<0.03 <0.03 a 

b b <0.03 

<0.05 <O.OS a 

<O.S <0.S a 

<0.05 <0.05 a 

<12 <12 a 

C-22 

4405 4406 
lmplnger5 lmplnger6 

0.416 0.416 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

<0.03 0.0411 

•- a 

a a 

a a 

a a 



Table C-8. Site 3 
Metals Analysis (µg/m3

) Set 2 
Blank Corrected 

Location Pyrolysis Unit No. 1 

R11/ECDNo. 4414 '408 4409 44410 4411 
Identifier Preftlter Impinger 1 lmplnger2 lapinger3 lmplnger4 

Air Volume(m3) 0.410 OAlO 0.410 0.410 0.410 

Metals 

Be <0.02 <0.02 <0.02 <0.02 a 

Al <9.6 <9.6 <9.6 <9.6 a 

Cr <1.2 <1.2 <1.2 <1.2 a 

Mn <0.12 <0.12 0.32 <0.12 a 

Fe <4.8 <4.8 <4.8 <4.8 a 

Co <0.2 <0.2 <0.2 <0.2 a 

Ni <0.2 <0.2 <0.2 <0.2 a 

Zn <1.2 1.79 <1.2 1.23 a 

Cu 0.11 0.14 0.06 0.40 a 

Cd <0.1 <0.1 <0.1 <0.1 a 

Sb <0.02 <0.02 <0.02 <0.02 a 

Ba 0.052 <O.OS <O.OS <O.OS a 

n <0.02 <0.02 <0.02 <0.02 a 

Pb <0.02 0.09 0.10 0.16 a 

Hg•2 <0.03 <0.03 0.0449 <0.03 a 

Hgo b b b be <0.03 

As <O.OS <O.OS <O.OS <0.05 a 

Se <O.S <0.5 <0.5 <0.5 a 

Ag <0.05 <0.05 <0.05 <O.OS a 

p <12 <12 <12 <12 a 

a. Impingers 4-6 analyzed only for Hg 0 

b. Impingers 1-3 analyzed for Hg+2 

C-23 

4412 4413 
lmplnger5 lmpinger6 

0.410 0.410 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

a a 

<0.03 0.0402 

•. a 

a a 

a a 

a a 



RTl/ECDNo. 

Identifier 

Metals 

Be 

Al 

Cr 

Mn 

Fe 

Co 

Ni 

Zn 

Cu 

Cd 

Sb 

Ba 

n 

Pb 

Hg•2 

Hgo 

As 

Se 

Ag 

p 

Table C-9. Site 3 
Metals Analysis (Total µg) 

Blank Data 

4420 4416 
Metals 

Jl'ilter Blank lmnin2er Blank 

<0.01 <0.01 

<4.0 <4.0 

<O.S <0.S 

<O.OS <O.OS 

<2.0 <2.0 

<0.1 <0.1 

<0.1 <0.1 

<O.S <0.S 

<0.02 <0.02 

<O.OS <O.OS 

<0.01 <0.01 

<0.02 <0.02 

<0.01 <0.01 

<0.01 <0.01 

<0.012 <0.012 

b b 

<0.02 <0.02 

<0.2 <0.2 

<0.02 <0.02 

<S <S 

a. Mercury impinger blank analyzed for Hg 0 

b. Metals impinger blank analyzed for Hg•2 
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4418 
Mercury 

lmnin2er Blank 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

0.012 

a 

a 
-a 

a 



Metal Total µg 

Be 89.41 

Al 1068 

Cr 103.6 

Mn 100.3 

Fe 1080 

Co 99.54 

Ni 517.1 

Zn 109.0 

Cu 104.4 

Cd 106.2 

Sb 5.262 

Ba 90.32 

Tl 5.138 

Pb 554.2 

Hg+2 1.0090 

Hgo 9.5638 

As 4.924 

Se 2.631 

Ag. NIA 
p 520 

NI A Metal was not spiked 

Table C-10. Site 3 
Metals Quality Control 

Solution 

'J'1 Recovery 

89 

107 

104 

100 

108 

100 

103 

109 

104 

106 

105 

90 

103 

111 

110 

95.6 

98 

53 

104 

C-25 

Filter 

Totalµg 'J'1 Recovery 

8.54 85 

NIA 

11.69 117 

11.19 112 

24.45 98 

9.26 93 

9.24 92 

48.75 98 -
22.87 91 

9.55 96 

NIA 

10.15 101 

9.92 99 

25.05 100 

NIA 

NIA 

39.82 80 

23.06 -- 92 

4.26 85 

NIA 



C.4.S Indoor Air Quality 

The indoor air quality was evaluated from 5129196 to 5/30/96, using a Metrosonics Air 
Quality Monitor AQ-501 (SIN 1613). The air was evaluated for temperature, humidity, carbon 
dioxide (COJ, and carbon monoxide (CO). The results (Table C-11), indicate adequate indoor 
air during the sampling period. 

C.S NOISE 

A noise survey was conducted on 5129196 using a Quest Sound Level Meter (SIN 
DL8110002) calibrated with a Quest Calibrator (SIN 18100013). 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 Jevels 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 Plant 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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I 

II 

Table C-11. Indoor Air Quality 

Samole Dates 2129/96 2/29196 to 2/30196 

Location Nat to Pyrolysis Behind pyrolysis unit 2, 
unit 1 near shoo area 

C02 average 358 ppm 378 ppm 
OSHAPEL1 10,000ppm 10,000 ppm 
RTI Suggested Limit 1,000 ppm" 1,000 ppm" 

CO average Oppm .Oppm 
OSHA PEL 35ppm 35ppm 

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% 35.3% 
maximum 69.6% 54.2% 

OSHA PEL is the Occupational Safety and Health Administration Pmnissible 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 m (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 lbs 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 m one comer by the deliverer. They 
are then lifted to the conveyor belts for the units as space becomes available, usually 1-4 boxes at 
a time. 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 lb) 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 Emuent Gas Cleanup 

After the pyrolysis section of the unit, the eftluent gas stream runs through a packed bed 
scrubber and a wet electrostatic preciptator for effiuent 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 neutralil.e the HO 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 '1'ag 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 personnel 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 uro effiuent operation as possible, thus they are investigating a way to 
concentrate the liquid to reduce total mass of effiuent 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 effiuent 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 Improvements 

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 <;-12. Airftow Measurements for the Pyrolysis Fadlity 
May29, 1996 

L.ocation V clocity (fpm) or Notes 
V clocitv Ran2e 

Between and oarallel to len2th of units 25-50 
Between and perpendicular to length of 15-45 
units 
Parallel to Unit 2 near Door 10-50 
Peroendicular 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 

Throu2h open entry door 600 into facility 
Louvre above door, center 875 into facilitv 
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 onen 
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C. 7.3 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 RTI 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 µm 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/cm3 was assumed and mass concentration be}Qw S µm and total up to 15 µm 
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/m3 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 comer, 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 
May29, 1996 

Location Mass cone Notes 
(mo/m3) 

Near Open Door to Outside 0.006 
Near Unit 2 0.018 when door opened to 

clean t>hotoelectric 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 entrv door 0.002 
In dust cloud at dumpster 0.017 dust blown up to check . instrument resnonse 

Table C-14. Mass Concentrations for Pyrolysis Facility 
based on LPC data and assumed density of 1.S g/cm3 

L.,Qcation Mass <S Total Mass Notes 
me/m3 me/m3 

May 29, 1996 
On Table 0.0004 0.0033 
Near Door for 0.0009 0.0015 no 10-lS-µm particles counted 
residue 
before opening 

Near Door for 0.0004 mass< 1 µm 
residue, tray empty 
thus no time or 
particles for large 
measurement 

Near table, shortly 0.0009 0.0054 
after Unit door 
ooened 

Between Units 0.0007 0.0040 
Near Boiler Room 0.0006 0.0121 
Mav30, 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 descnl>ed 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 personnel 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 perf onnance 
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Table C-15. Phase 1 Surface Blood Field Test Results 

6arnole # nate r .nr~tion I Desaintion 

IPYrolysis 97 0Sfl9196 Convevor ed2c, liftei" md, Unit 1 
Pvrolysis 98 0Sfl9196 ConveYOr ed2e, mid, Unit 1 
Pyrolysis 99 0Sfl9196 Sonveyor ed2e, bay door md, Unit 1 
Pvrolysis 100 0Sfl9196 Convey0r ed2e, liftei" md, Unit 2 
Pyrolysis 101 0Sfl9/96 !Conveyor edge, mid, Unit 2 
IPYrolysis 102 0Sfl9196 IConVCYOI' ed2e, bav door md, Unit 2 
Pvrolysis 103 0Sfl9196 1Convey0r belt Unit 1 
IPYrolysis 104 0Sfl9/96 Convey0r belt Unit 2 
IPYrolysis lOS 0Sfl9196 Floor by convey0r, Unit 1 
Pvrolysis 106 0Sfl9196 Floor by convevor end Unit 1 
Pyrolysis 107 OS/30196 Convevor ed2e, lifttt end, Unit 1 
Pyrolysis 108 05130196 ::onveyor edize, mid, Unit 1 
Pyrolysis 109 05130/96 Convevor edge, bay door end, Unit 1 
Pyrolysis 110 05130196 Conveyor belt Unit 1 
Pvrolysis 111 05130/96 Convey0r cd2e, lifter end, Unit 2 
Pyrolysis 112 05130196 Convevor edge, mid, Unit 2 
Pyrolysis 113 OS/30196 Conveyor edge, bay door end, Unit 2 
Pyrolysis 114 05/30/96 tonveyor belt Unit 2 
Pyrolysis 11 S 05130196 floor by Unit 1 
J>yrolysis 116 OS/30196 IFloor bv Unit 2 near bay door 
Pvrolvsis 117 05'29/96 Comet test 0.1 2farn 

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 

Area 

l"x 24" 
l"x 24" 
l"x 24" 
l"x 36" 
l"x 36" 
l"x 36" 
!widthx24" 
!width x 24" 
12"x 12" 
12"x 12" 
13"x 24" 
13"x24" 
l3"x 24" 
.~dthx24" 

1.S"x 36" 
1.S"x 36" 
1.5"x 36" 
!width x 24" 
12"x 12" 
12"x 12" 

Detection limit = 5000 RBC/ml sample which corresponds to 
0.000027 ml blood eluted from gauz.e 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 descnl>ed in Appendix 
K. Results arc shown in Tables C-16 and C-17. No S. 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 rccogniz.ed 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 bloodbome 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 comer 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. co6 Test Results 

;amnle# Date _.ncation Area TotalCFU Total E. coli Jthcr 

Pvrolvsis 104 05!29196 Convewr M.ee above switch, Unit 1 2"x2" TNTC 0 
Pyrolvsis 1 OS OS!29196 Convevor edee, stained area, Unit 1 2"x2" TNTC 0 
Pvrolvsis 106 OSl29196 :'.:onvewr edsle, stained area, Unit 1 12"x2" 14 0 
Pvrolvsis 107 OSl29196 Convevor edsle, stained area, Unit 1 l2"x2" 15 0 1 Bacillus 

Pvrolvsis 108 05129196 Conveyor ed2e, stained area. Unit 1 2"x 2" 27 1 7 Bacillus 

Pvrolvsis 109 05!29196 Convcvor ed2e, stained area, Unit 1 2"x2" 36 0 12 Bacillus 
Pvrolvsis 110 OSl29196 t:onvcvor belt under waste box, Unit 1 13 0 3 Bacillus 
Pvrolysis 111 05!29196 t:onveyor belt under waste box, Unit 1 24 0 3 Bacillus 
Pvrolvsis 112 05!29196 ,..onvewr belt undez waste box, Unit 1 9 0 1 Bacillus 
Pvrolvsis 113 OS!29196 Convevor M.ee above motor, Unit 2 l"x4" 23 0 S Bacillus 
~olysis 114 OSl29196 tonvcvor ed2e. Unit 2 l"x4" 77 0 67 Bacillus 

Pvrolvsis l lS OSl29196 Convcvor ed2e. Unit 2 l"x4" 44 0 
Pvrolvsis 116 OS!29196 Convevor edl!e, Unit 2 l"x4" TNTC 0 mucoid 
Pvrolvsis 117 05!29196 Convevor ed2e, Unit 2 2"x2" 17 0 
Pvrolvsis 118 05!29196 K:onvevor belt, Unit 2 2"x2" 5 0 
Pyrolysis 119 05!29196 Convcvor belt, Unit 2 2"x2" 13 0 
Pvrolvsis 120 05!29196 Convevor belt. Unit 2 2"x2" 1 0 
Pvrolvsis 121 OS!29196 Convcvor belt. Unit 2 2"x2" 2 0 
Pvrolvsis 122 OS!29196 Handle, shield waste loader. Unit 1 1 0 
Pvrolvsis 123 OS!29196 Handle, shield waste loader, Unit 2 0 0 
Pvrolvsis 124 05!29196 Control Panel. Unit 1 0 0 
Pvrolysis 12S OS!29196 Control Panel. Unit 2 0 0 
Pyrolysis 126 05!29196 Toilet handle, men. hoSPital (Control) lS 0 

Pvrolvsis 127 05!29196 Toilet seat. men, hoSPital (Control) 14"x4" TNTC 0 
Pvrolvsis 128 05!29196 Toilet rim ,men, hosnital (Control) 0 0 

Pvrolvsis 129 05/30/96 Convcvor ed2e, Unit 1 ~"x2" 35 0 

IPvrolvsis 130 05130196 Convevor ed2e, Unit 1 2"x2" 3S 0 9 Bacillus 
Pvrolvsis 131 05130196 Convevor ed2e, Unit 1 2"x2" 51 0 9 Bacillus 
Pvrolvsis 132 OS/30196 Convcvor ed2e, Unit 1 2"x2" 14 0 
Pvrolvsis 133 05130196 Convcvor ed2e, Unit 1 12"x 2" 21 0 10 Bacillus 
Pyrolvsis 134 05130196 Conveyor belt. Unit 1 2"x2" 1 -- 0 
Pyrolvsis 135 OS/30196 Convcvor belt. Unit 1 2"x2" TNTC 0 Bacillus 
Pyrolvsis 136 05130196 Convcvor belt. Unit 1 2"x2" 4 0 

Pvrolvsis 137 OS/30196 ,..onvcvor belt. Unit 1 2"x2" 25 0 1 Bacillus 
Pvrolvsis 138 05130196 ,..onvevor ed2e, Unit 2 2"x2" 6 0 
Pvrolvsis 139 OS/30196 t'.onvcvor ed2e, Unit 2 2"x2" 6 0 
Pvrolvsis 140 05130196 K:onvcvor ed2e, Unit 2 2"x2" 4 0 
Pyrolvsis 141 05130196 Convevor ed2e, Unit 2 ~"x2" 23 0 
Pvrolvsis 142 05130196 Conve\lm' edl!e Unit 2 2"x2" so 0 7 Bacillus 
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l\amnle# Date Location Arca TotalCFU Total E. coli Other 

Pvrolvsis 143 051301% Convevor belt. Unit 2 2"x2" 21 0 IS Bacillus 

Pvrolvsis 144 05130196 Convevor belt. Unit 2 2"x2" 4 0 
Pyroh'Sis 145 05130196 ,...onvevor belt. Unit 2 2"x 2" 2 0 
PYrolvsis 146 05130196 ,...onvevor belt. Unit 2 2"x2" 6 0 1 Bacillus 

!PYrolysis 14 7 OS/30196 Control Pancl Handle, Unit 1 1 0 

~olysis 148 OS/30196 ~ Control Panel Handle, Unit 1 0 0 

~olysis 149 OS/30196 Control Panel Handle, Unit 2 1 0 

~olysis ISO OS/30196 ~Control Panel Handle, Unit 2 2 0 

r>"rolysis 151 OS/30196 Toilet seat, men, hospital (Control) 176 0 

r>"rolysis 152 OS/30196 Toilet handle, men, hospital (Control) 18 0 

!PYrolysis 153 05/30196 Toilet rim, men, hospital (Control) 1NTC 0 
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Table C-17. Staphylococcus aureus Test Results 
, 

Samnle# Date Lncation Area Total CPU Total S. aureus Other 

Pwolvsis 104 05!29196 Convcvor e.dlre above switch, Unit 1 2"x2" 9 0 2 Bacillus 

hrolvsis 1 OS 05!29196 Convevor edee. stained area, Unit 1 2"x2" 118 0 9Bacillus 

Pvrolvsis 106 05!29196 Convewr edtt. stained area. Unit 1 2"x2" 51 0 
Pwolvsis 107 05!29196 Con~ f'Jdof!, stained area. Unit 1 2"x2" 20 0 3Bacillus 

~olvsis 108 05!29196 Convewr t.d2C. staine.d area, Unit 1 2"x2" 22 0 C5 Bacillus 

Pvrolvsis 109 05!29196 Convcvor e.dlre, stained area. Unit 1 2"x2" 64 0 4 Bacillus 

IPyrolvsis 110 05!29196 Conveyer belt under waste box. Unit 1 1 0 1 Bacillus 

IPwolvsis 111 05!29196 Convewr belt under waste box. Unit 1 38 0 14 Bacillus 

Pvrolvsis 112 05!29196 Conveyor belt under waste box. Unit 1 4 0 14 Bacillus 

Pyrolvsis 113 05!29196 Con~ edee above motor. Unit 2 l"x4" s 0 2Bacillus 

Pyrolvsis 114 05!29196 Convcvor e.dl?e, Unit 2 l"x4" 45 0 3 Bacillus 

PyroJvsis 11 S 05!29196 Convevor e.dl?e, Unit 2 l"x4" 33 0 2 Bacillus 

Pyrolvsis 116 05!29196 Convcyer e.dl?e, Unit 2 l"x4" 30 0 6 Bacillus 

Pvrolvsis 117 05!29196 Convevor e.dl?e. Unit 2 2"x2" 23 0 1 Bacillus 

Pyrolvsis 118 05!29196 Convcvnr belt, Unit 2 2"x2" 1 0 
Pwolvsis 119 05!29196 Convcvor belt, Unit 2 2"x2" 4 0 3 Bacillus 

Pvrolvsis 120 05!29196 Convevor belt, Unit 2 2"x2" 2 0 
iPvrolvsis 121 05!29196 Conveyer belt, Unit 2 2"x2" 9 0 2 Bacillus 

Pyrolvsis 122 05!29196 Handle. shield waste loader, Unit 1 0 0 
Pyrolvsis 123 05!29196 Handle, shield waste loader, Unit 2 8 0 1 Bacillus 

Pyrolvsis 124 05!29196 Control Panel, Unit 1 2 0 1 Bacillus 

Pvrolvsis 125 05!29196 Control Panel, Unit 2 1 0 1 Bacillus 

Pvrolvsis 126 05!29196 Toilet handle, men, horoital (Control) 51 0 
,Pvrolvsis 127 05!29196 Toilet seat. men, horoital (Control) 4"x4" 1NTC 0 
IPvrolvsis 128 0Sf29/96 Toilet rim ,men, horoital (Control) 1NTC 0 
IPvrolvsis 129 05130196 Convevor edl?e, Unit 1 2"x2" 4 0 4 Bacillus 

Pvrolvsis 130 05130196 Convevor edl?e, Unit 1 2"x2" 66 0 S Bacillus 

Pyrolvsis 131 05130196 Convevnr edl?e, Unit l 2"x2" so 0 S Bacillus 

Pyrolvsis 132 05130196 Convcvor ed2e, Unit 1 2"x2" 2 0 
Pwolvsis 133 05/30196 Convevnr e.dlre, Unit 1 2"x2" 68 0 4Bacillus 

Pvrolvsis 134 05/30/96 Convcvor belt, Unit 1 2"x2" 6 0 3 Bacillus 

Pvrolvsis 135 OS/30196 Convcvnr belt, Unit 1 2"x2" 2 0 1 Bacillus 

Pvrolvsis 136 05130196 Convevnr belt, Unit 1 2"x2" 4 0 3Bacillus 

Pwolvsis 137 OS/30196 Convcvnr belt, Unit 1 2"x2" 10 0 4 Bacillus 

Pwolvsis 138 OS/30196 Convcvor edee, Unit 2 2"x2" 1 0 
Pwolvsis 139 05130196 Convcvnr e.d2e, Unit 2 2"x2" 10 0 1 Bacillus 

Pvrolvsis 140 OS/30196 Convevor edee, Unit 2 2"x2" 10 0 6 Bacillus 

Pvrolvsis 141 OS/30196 Convcvor edee, Unit 2 2"x2" 16 0 4Bacillus 
Pvrolvsis 142 05130196 Convevor edee, Unit 2 2"x2" 15 0 3Bacillus 
Pvrolvsis 143 05/30/96 Convcvnr belt Unit 2 2"x2" 9 0 6 Bacillus 
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Samnle# Date Location Arca TotalCFU Total S. aurcus Other 

Pvrolvsis 144 05130196 Conveyor belt. Unit 2 2"x2" 7 0 7 Bacillus 
Pyrolvsis 145 05130196 Convcvor belt, Unit 2 2"x2" 20 0 3 Bacillus 
Pvrolvsis 146 05130196 Conveyor belt. Unit 2 2"x2" 0 0 
Pvrolvsis 147 05130196 Control Panel Handle, Unit 1 2 0 
Pvrolvsis 148 05130196 Rear Control Panel Handle, Unit 1 0 0 
Pvrolvsis 149 05130196 Control Panel Handle, Unit 2 6 0 2 Bacillus 
Pyrolvsis 150 05130196 Rear Control Panel Handle, Unit 2 3 0 
Pvrolvsis 151 05130196 Toilet scat. men, bomital (Control} 1NTC 0 
Pvrolvsis 152 05130196 Toilet handle, men, hosnital (Control) so 0 
Pvrolvsis 153 05130196 Toilet rim men bnmital <Control) 1NTC 0 
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1be 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 voes were collected at a flow rate of nominally 15 cc/min for 5 hours, 
next to pyrolysis unit number l, between pyrolysis units number 1 and number 2 and at the back 
of pyrolysis unit number 2 in the shop area. Several Voes were observed at the facility, but no 
OSHA permissible exposure limits (PEu) or ACGIH threshold limit values (TI., Vs) were 
exceeded. The highest concentration voe found between the units was phenol at 1.7 µg/m3 and 
in the shop area was decanal at 16 µg/m3

• 

Aldehyde air samples were collected at a flow rate of nominally 120 cc/min for 6 hours, 
next to pyrolysis unit number l, between the pyrolysis units, and at the back of pyrolysis unit 
number 2 in the shop area. 1be aldehyde results indicated concentrations of formaldehyde in the 
range of 0.08 to 0.18 mg/m3 as compared to the OSHA PEL of 0.94 mg/m3 and the ACGIH TL V 
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of 0.37 mg/m3 (ceiling limit). Acetaldehyde and acetone were also observed but at concentrations 
of nominally 0.07 mg/m3

, several orders of magnitude lower than the respective PEU of 360 and 
2400mg/m3

• 

Metals were collected at a flow rate of nominally 1 Umin for 6 ~ hours, next to pyrolysis 
unit number 1 and between the pyrolysis units. The results of the metals sampling indicate 
minimaJ levels (most are Jess than the detection limits), of the following metals, Be, Al, Cr, Mn, 
Fe, Co., Ni, Zn, Cu, As, Se, P, Ag, Cd, Sb, Ba, n Pb and Hg. 

The indoor air quality evaluation of temperature, humidity, carbon dioxide (COJ, 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 HCl 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 low 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/m3 for particulates 
not otherwise classified or even the outdoor air National Ambient Air Quality Standard. The 
highest mass concentration found was 0.018 mg/m3

• Based on these particle concentrations, no 
problems can be diagnosed that need addressing. 

Twenty (20) wipe samples were collected and processed immediately for ttiC 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 

C-42 



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 p}'rolysis 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. 
f) The missing 4"x4" cover plate has been replaced. 
g) An exit sign/light has been installed at the entry door. 
h) An evacuation diagram has been prepared and posted. 
i) 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. 
1) 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 

leading 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. 
s) 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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APPENDIXD. 

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 categori7.ed 
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 MWT A also had a destruction requirement that 
regulated medical waste be "ruined, tom 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: I) 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 work.er 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 contams 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 characteriz.c 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 Oveniew 

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 l, 
• Air quality monitoring (temperature, relative humidity, CO, COJ. 
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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 'Yas 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 a.m. to 11 p.m. 
or 12 p.m. to 12 a.m. 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 minima] exposure to most chemicals with the exception of formaldehyde, 
where concentrations of 0.021to0.086 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 ACGili TL V are both 25 ppm). 

D.2.1 Volatile Organic Compounds 

Volatile organic compounds (VOCs) were monitored in Phase n using the same 
multisorbent cartridge method (Tenax TA, charcoal, and ambcrsorb) that was employed in Phase 
I. The samples were collected at nominally 16 cc/min for 7-8 hours on S 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 ACGili 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 0.021to0.086 ppm (Table D-4). The control saIIiple taken on an office 
worker was 0.04 ppm, higher than any plant workers on 6126/96. The OSHA PEL for 
formaldehyde is 0.75 ppm, the ACGili TLV is a ceiling value 9f0.3 ppm, while the NIOSH REL 
is 0.016 ppm . 

. D.2.3 Ethanol 

Ethanol was measured using a direct reading passive Drager 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 Drager tubes (Table D-
5). The minimum detection limit for an 8 hour sampling period is 125 ppm. The OSHA PEL, 
NIOSH REL, and the ACGIH TL V are 1000 ppm for ethanol. 

D.2.4 Ammonia 

Ammonia was sampled using a direct reading Drager 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 Drager 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 ACGili TL Vis 25 ppm with a STEL of 35 
ppm. 
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RTIIECDNo. 
Employee No. 

Job Title 
Air Volume (L) 

voe 
concentration 

(µg/m3) 

Dichlorodifluoro-
methane 

Methyl ether 

2-Methylpropane 

Acctonitrile 

Acetone 

2-Propanol 

Carbon disulfide 

Olloroform 

Benzene 

Toluene 

2-Furancarbox· 
aldehyde 

Ethylbenzcne 

m,p-Xylene 

Cyclohexanone 

o-Xylene 

Styrene 

2-Ethyl-1-hexanol 

Limonene 

4436 
1 

Table D-1. Personal VOC Sampling 
6125196 

4437 4438 4439 4440 
2 3a lc3b 4 5alc5b 

Maintenance Laborer Laborer Laborer S11pefVisor 
6.071 1.424 1.116 6.138 6.190 

53 104 4S 61 51 

NDb ND ND ND ND 

37 42 22 26 3S 

3.9 3.4 ND ND 2.2 

35 41 NCC 2S 22 

26 14 ND 6.8 9.3 

3.7 2.2 8.1 2.S 2.3 

1.5 ND 3.6 ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

ND ND ND ND ND 

a. 
• 

LOD, Limit of Detection based on average volume of 7.4 L 
Not detected 

c. Not calculated due to interference 
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4441 
Blank LOI>-

0 

ND 3.0 

ND 2.3 

ND 5.8 

ND 1.1 

ND 1.1 

ND 5.3 

ND 1.7 

ND 1.3 

ND 1.S 

ND 1.5 

ND 2.0 

ND 1.5 

ND 1.2 

ND 1.6 

ND 1.5 

ND 1.5 

ND 1.4 

ND 1.1 



RTIIECDNo. 
Employee No. 

Job Title 
Air Volume (L) 

voe {µg/m3
) 

Dichlorodifluoromcthane 

Methyl ether 

2-Methylpropane 

Acetonitrile 

Acetone 

2-Propanol 

Carbon disulfide 

Chloroform 

Benzene 

Toluene 

2-Furancarboxaldehyde 

Ethyl benzene 

m,p-Xylene 

Cyclohexanone 

o-Xylene 

Styrene 

2-Ethyl· 1-he:xanol 

Umoncne 

Table D-2. Personal VOC Sampling 
6/26/96 

4443 4444 4445 
1 2 3a&3b 

Mainteaance I.borer Laborer 
7.747 6.76 10.471 

59 69 49 

3 12 11 

57 14 22 

NC" NDb ND 

62 23 78 

77 6.2 81 

63 2.3 14 

S.1 ND lJ 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

a. 

b. 
Not calculated due to interferences 
Not detected 
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4446 4447 
4 5a&5b 

I.borer S•penisor 
6.76 6.14 

91 50 

5 13 

12 16 

ND ND 

37 97 

13 146 

2.6 43 

ND S.3 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 



Table J>..3. Personal VOC Sampling Field Controls 

Medical Waste 
Trip 1, Phase 2 ~Recovery 

Field Control 

Vinyl chloride 31 

Chloroform 71 

Benzene 82 

Trichloroethylene 73 

Toluene 102 

o-Xylene 100 

Table D-4. Personal Formaldehyde Sampling 

Date: 6/25/96 

RTI/ECDNo. 4450 4451 4452 4453 4454 4455 
3M No. VC05167 VC05186 VC04699 VC04872 VC04843 VC04946 

Employee No. 1 2 3a&3b 4 5a&5b Field Blank 
JobTitle Maintenance Laborer Laborer Laborer S11pervisor -

Samole Time (min) 354 450 455 435 440 0 

Formaldehyde 0.032 0.065 0.086 0.070 0.074 <0.014 
concentration (ppm) 

Date: 6126196 

RTIIECDNo. 4457 4458 4459 4460 4461 4462 
3M No. VC04786 VC04893 VC04957 VC04818 VC04843 VC04941 

Employee No. 1 2 3a&3b 4 5a&5b Control 
Job Title Maintenance Laborer Laborer Laborer Sapervkor Secretary 

Samole Time (min) 480 375 420 428 390 375 

Formaldehyde 0.021 0.033 0.021 0.038 0.034 0.040 
concentration (ppm) 
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Table D-S. Personal Ethanol Sampling 

Date: 6/25/96 

RTI/ECDNo. "64 .u65 "66 '"' '"' .u69 
Employee No. 1 2 3a&3b 4 5a&5b 

Job Title Mabatenance Laborer Laborer Laborer S.,vvtsor Blank 
Sample Time (min) 354 450 455 435 440 

Ethanol N/D' N/D N/D N/D N/D N/D 
concentration 
(ppm) 

Date: 6/26/96 

R11/ECDNo. 4471 4472 4473 "474 4475 
Employee No. 1 2 3a&~b .. 5a&5b 

Job Title Maintenance Laborer Laborer Laborer Supervisor 
Samole Time (min) 480 375 420 428 390 

Ethanol 
concentration (ppm) N/D N/D N/D N/D N/D 

a. N/D not detected, no color change noted on Drager 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 

Anunonia 
Samole No. Date Location Concentration 

1 6125196 Next to ammonia drum during transfer >30ppm 

2 6125196 Next to ammonia vat during transfer >30ppm 

3 6125196 6 ft. away from ammonia vat during transfer 0.5ppm 

4 6125196 3 ft. away from ammonia vat during transfer 1.0ppm 

5 6125196 Next to ammonia drum after transfer 10.0ppm 
complete 

6 6125196 Floor drain near vat 2.0ppm 

7 6126196 Far side of boiler <0.5 ppm 

8 6126196 3 ft. away from ammonia drum 0.5 ppm 

9 6126196 Between ammonia drum and vat 0.5 ppm 

10 6/26/96 Floor drain near vat 2.0ppm 
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D.2.S Methanol and N-propanol 

Methanol and n-propanol were sampled using a direct reading Drager 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 Drager 
tubes used for area samples (Table D-7). The minimum detection limit of the method is 2S ppm 
and the OSHA PELs, NIOSH REU and the ACGIH 1L Vs for methanol and propanol arc 
200ppm. 

D.2.6 Noise 

A noise survey was conducted using a Quest Sound Level Meter (sin DLSl 10002) 
calibrated with a Quest Calibrator (sin 18100013). A Quest Micro 14 Noise Dosimeter (sin 
HM0010038A), calibrated with Quest Model CA-12B Sound Calibrator (sin U0010007) was 
used to collect three integrated noise surveys at the control panel. 1be 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. 1be 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 loudest 
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 andn-Propanol Sampling 

Sample Alcohol 
. No. Date Location Concentrations 

1 6125196 Between autoclaves <2Sppm 

2 6125196 Near bin washer <25ppm 

3 6125196 Control Panel <25 ppm 

4 6125196 Large dumping ins <2Sppm 

s 6125196 Loading dock, near asphalt release <25ppm 

6 6/26/96 Boiler room <2Sppm 

7 6/26/96 On top of bins not yet autoclaved <2Sppm 

8 6/26/96 Near ZEP asphalt release drum <25ppm 

9 6/26/96 Inside truck offioading cardboar~ <25 ppm 
boxes 

10 6/26/96 Laboratory <25ppm 
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Figure J>.2. Medical Waste Treatment Facility 
Site No. 1 Autoclave 
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Table D-8. Noise Dosimeter Results 

Date 6125196 6125 to 6126196 "26196 

Runtime 7hr41min 16 hr06 min Shr17min 

Avg. Level 77.8 dBA 81.32dBA 73.9dBA 

Max. Level 114dBA . 133.5 dBA 107.2 dBA 

~Dose 17.85% 60.86% 7.12% 

OL1ime"' 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 (sin 1228). The AQ-
501 was positioned on the control panel in the center of the processing area for 26 hours. One 
additional sample was coDected 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. 1be data (Table D-9) 
demonstrates an average values of79.4 °F, S3.S% relative humidity, 345 ppm carbon dioxide and 
0 ppm carbon monoxide. 

D.4 RESULTS OF PERSONAL MONITORING FOR BLOOD SPLASHES 

Results from the Phase l 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 0. 

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 bloodbome 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 

Samole Dates "25196 6125196 to 6126196 

Location Outside Control panel in 
ba~,.~ndair IH"Oeea area 

C02 average 323 ppm 345 ppm 
OSHA PEL• 10,()()(J ppm 10,000ppm 
RTI Su22ested Limit 1,000 ppmb l,OOOnnm 

CO average 1 ppm Oppm 
OSHA PEL 35ppm 35ppm 

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% S3.5% 
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. 
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Worker 
r-Jumber 

1 

2 

3A 

3B 

4 

Table D-10. Blood Splash Aaessment of Workers' Clothes 
at a Commercial Ofl'-site Steam Autoclave MWTF 

6125/96 6126196 

Patch Visual Result Hemastix Worker Patch Visual Result 
Loe. ResuJt1 Number Loe. 

A C1ear Ne2ative 1 A Clear 
B Clear Ne2ative B Clear 
c Clear Ne2ative c Clear 
D Clear Ne2ative D Clear 
E Not Done Not Done E Not Done 
F Not Done Not Done F Not Done 
A Clear Ne2ative 2 A Clear 
B Clear Negative B Clear, 

cardboard wet 
c Clear Ne2ative c Clear 
D Clear Negative 0 Clear 
E Not Done Not Done E Clear 
F Not Done Not Done F Clear 
A Red swath 4"x +++ 3A A Clear 

0.5" 
B Clear Ne2ative B Clear 
c Clear Ne2ative c Clear 
D 12 red spots < +++ D Clear 

0.25" 
E Not Done Not Done E Clear 
F Not Done Not Done F Clear 
A Clear Negative 3B A Clear 
B Clear Ne2ative B Clear 
c Blotch faint Negative c Clear 

pink, patch 
holder wet 

D Clear Ne2ative D Clear 
E Not Done Not Done E Clear 
F Not Done Not Done F Clear 

A Clear Neutive 4 A Clear 
B Clear Neeative B Clear 
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u·emastix 
Result 

Ne2ative 
Negative 
Ne2ative 
Ne2ative 
Not Done 
Not Done 
Ne2ative 
Negative 

Ne2ative 
NeJ?ative 
Ne2ative 
Negative 
Negative 

Nentive 
Ne2ative 
Negative 

Negative 
Negative 
Negative 
nht 
Negative 

Negative 
Ne2ative 
Negative 

Negative 
Neeative 



6125196 6126196 

Worker Patch Visual Result Hemastix Worker Patch Visual Result Hemastix 
Somber Loe. Result1 Number Loe. Result 

SA 

SB 

OC12 

OC2 

OC3 

Blank 

2 

c Patch of Negative c Clear ~t 
moisture-
clear fluid 

D Clear NeHtivc D C1ear Ne2ative 
E Not Done Not Done E Clear Negative 

F Not Done Not Done F Clear Ne~ative 

A Clear Negative SA A Clear Negative 

B Clear NeJ?ative B Clear Negative 

c S red spots< +++ c Clear Negative 
0.2S" 

D 2 red spots +++ D Spot of dirt Negative 
<0.2S" 

E Not Done Not Done E Clear Negative 
F Not Done Not Done F- Clear Negative 
A Clear Negative SB A Clear Ne2ative 
B Clear Negative B Clear Negative 
c Clear - one Negative c Clear Negative 

small wet soot 
D Clear Negative D Clear Ne2ative 
E Not Done Not Done E Clear Negative 
F Not Done Not Done F Clear Negative 
A Clear Negative OCl A Clear Negative 
B Clear Negative B Clear Negative 
A Clear Negative OC2 A Clear Negative 
B Clear Negative B Clear Negative 
A Clear Negative OC3 A Clear Negative 
B Clear Negative B Clear Ne2ative 

Ne2ative 

Cotton patches attached to workers' clothes, then removed and eluted into 2S ml Ff A 
Hemagglutination Buffer. 
Hemastix Test Indicator Scale: +++ Strong, ++Moderate, + Small, ht hemolyi.ed trace, 
N.M. Non hemolyzed moderate, nht Non-hemolyzed trace, Negative. 
Three office workers were tested as controls. 
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Table D-11. Blood Splash ~nt of Workers' Face Shields at a 
Commen:ial Oft'-site Steam Autoclave MWTF 

6125196 6126196 

Hemutix Result1 Bemasth Result 
Worker 

Before After Comment Before After Comment Number 
Shift Shift ~ift Shift 

1 

2 

3A 

3B 

4 

SA 
SB 

Negative Negative Not Done Not Done 

Negative Negative Negative Negative 

Negative Negative Negative ht 

Negative ++ 3 visible blood Negative ht 
spots, 3 mm 

Negative Negative Negative Negative 

Negative Negative Negativ~ Negative 

Negative Negative Negative Negative 

Gauze wipe eluted into 2S 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.S x 10·5 ml of blood eluted from the gauze wipe. 
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D.S RESULTS OF AREA MONITORING FOR BLOOD AEROSOLS 

A single area, 6 hour air filter sample for blood aerosols was coDected on each of the two 
days and processed for hemoglobin as previously described. The samples were coDected in the 
waste handling area. Results arc 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 BIO AEROSOL EMISSIONS MONITORING 

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 
organism spiked and non-spiked medical waste, at previously identified potential emission points. 
Indicator organisms used included specific strains of Bacillus stearothennophilus 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 MIG samplers were negative for the recovery of any indicator spores 
from both the non-spiked and spiked treatment cycles. The AGl-30s however, recovered 
indicator spores from both the non-spiked and spiked treatment cycles at an 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 arc 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 recognhed 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 steriliza.tion conditions. Also, and perhaps most 
hnportantly, 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 Assemnent at the Waste Loading Area of a 
Commercial Oft'-site Steam Autoclave MWTF 

Sample1 Date 1bne 1bne Flow Rate Air Volume Bemutix 

1 

2 

Start Stou (m3/min) Samuled <m3l Result 

6125196 12:30:00 18:30:00 0.018 6.48 Negative 

6/26196 08:15:00 14:15:00 0.018 6.48 Negative 

Afr was drawn through 25 mm, 0.45 micron NucJeopore Filters (SN 322375, Lot 
819/9331239) at 18 liters per minute for six hours near the waste loading station. The filter 
was then eluted in 25 ml of buffer Fr A Hcmagglutination Buffer and tested with Hemastix 
for the presence of blood. The detection limit was 2.5 x 10-5 ml of blood eluted from the · 
filter. 

Table D-13. Indicator Organism Recovery from Air Impactor Samples at a 
Commercial Off-site Steam Autoclave Medical Waste Treatment Facility 

Bacillus subtilis var ni er 
Run 1 Run 2 Run 3 

Above 
autoclave 
door 

0 0 0 0 0 0 

Above 
com actor 

0 0 0 0 0 0 

2 

3 

" 5 

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 SSC for B. 
stearothermophilus. Samples were collected on TSA with actidione and incubated at 35C 
for B. subtilis var niger. 
Two MIG were placed above the autoclave door and were operated as the door opened 
after a treatment cycle. For run l, autoclave number 1 was used. For runs 2 and three, 
autoclave number 2 was used. 
Two MIG 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 µm, 
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 lmpinger Samples 
at a Commercial Oft'-site Steam Autoclave MWTF 

Colonv Formill2 Units (CFU) Recovered 

Bacillus 1tearotherm0Dhilus Bacillus 1ubtilis var ni~er 

lmpinger1 Run 1 Run2 Run3 Runt Run2 Run3 
Non-sniked5 Non-sniked5 Si>iked6 Non-sniked5 Non-soiked5 Sniked6 

Location 
Plllt,.c: 7 1::1t..a Pl.:ot,.c:7 CHt-' Ph•t,.., 7 F11tior' Pllltl".c:7 F11tior' PIAffl';.c:' 'Rtlt-8 Pllltfl';.c:' l::tt..a 

Above 0,0 so 1,0 1 1,0 1 0,2 1S 2,0 0 0,0 3 
autoclave 
door2 
Above 18,2 18 3,1 1 1,1 3 0,0 9 0,0 16 0,0 0 
autoclave 
door 
Between S,1 44 0,0 0 3,0 40 0,0 8 0,0 1 0,1 2 
autoclaves3 

Between 0,0 s 0,0 0 0,0 0 1,1 16 0,0 1 0,0 6 
autoclaves 

Between 1,0 3 0,0 6 0,0 s 0,0 6 0,0 4 0,0 0 
autoclaves 
Above 0,2 20 0,1 3 o.o so 0,0 s 0,0 6 0,0 4 
comnacto~ 

Above 0,0 10 4,0 0 0,0 25 0,0 1 0,0 1 0,1 1 
comnactor 

2 

3 

.. 

5 

6 

7 

• 

All glass impingers (AGI-30), 12 liters per minute for 10 minutes. 
For run l, autoclave number 1 was used. For runs 2 and three, autoclave number 2 was used. 
Duplicate, simultaneous air samples were taken. Samples were takm above the autoclave door as the 
door opened after a treatment cycle. 
Tbrcc consecutive samples were taken between the autoclaves in the steam plume dming treatment. 
Duplicate, simultaneous air samples were taken. Samples were taken above the compactor dming 
waste dumping and compaction. 
The autoclave was operated as usual. 
The waste load was spiked with indicator organis~ which had been placed onto 0.2 JlID, 37mm 
filters. Tt.n filters of each organism were placed on top of each of five loaded treatment bins. The 
avenge spore count was S.O x 107 CFU per filter for B. stearothermophilus. The avenge 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 SSC for B. stearothermophilus), and TSA/actidione (incubated at 35C for B. subtilis) . 
Number of indicator organism CFU isolated from filtering half of the ren>aining impinger fluid and 
placing one filter on TSA (inrubated at SSC for B. stearothermophilus), and the other on 
TSA/actidione (incubated at 3SC for B. subtilis). The CFU values shown for the filters arc less than 
or equal to the actual values. 
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D.7 SUMMARY AND CONCLUSIONS 

A Phase Il 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-oft) the chemical sampling equipment. One job 
(Majntenance) 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, an were less than OSHA PEl..s, 
NIOSH REI..s, and ACGlli 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 ACGlli TL V 
is a ceiling value of0.3 ppm, while the NIOSH REL is 0.016 ppm. 

No ethanol was detected on any of the personal direct reading Drager tubes. The 
minimum detection limit for an 8 hour sampling period is 125 ppm. The OSHA PEL and the 
ACGlli TLV are 1000 ppm for ethanol No methanol or propanol was detected on the Drager 
tubes used for area samples. The minimum detection limit of the method is 25 ppm and the 
OSHA PEl..s and the ACGlli TL Vs 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 Drager 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 ACGlli TL V 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 an three surveys had average noise 
levels less than the OSHA PEL of90 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 of79.4 °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 direci handle the untreated medical waste are at risk for 
bloodbome 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 MIG 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 autoctaves 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 stiff 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 conuol and the engineering controls on the process 

technology used to protect staff; the sUlff 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 dati collecting tool. RTI has added several sections to the 

standard OSHA checklist. particularly a review of the bloodbome pathogen standard. It is 

expected that not all parts of the ch~cklist 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 facilities 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 repon will be generated. The 

repon 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 

Cl Is a program in place to eliminate radioactive materials from entering the waste stream? 

Cl Are staff trained on procedures to do if a radioactive package is observed in the waste 
stream? 

CJ Is any radioactive material monitoring conducted to periodically verify that no radioactive 
materials are present'? 

Cl Is any area monitoring (e.g. film badgelll.D) for radiation conducted'? 

Cl What instrumentation is available'? 

Cl Has it been calibrated? 

Cl Are staff trained in its use? 

Hazardous Materials Wastes 

Cl Is there a written program? 

Cl Is a program in place to eliminate hazardous/materials/wastes from entering the waste stream? 

Cl Are staff trained in procedures for controVcleanup of spilled waste? 

Cl Are appropriate supplies and equipment readily available? 

Cl Are chemicals, lubricating oils, etc. properly segregated and stored? 

Cl Are unused chemicals properly disposed? 

Bloodbome Pathogens 

Cl Is there a written exposure control plan? Does it include: 

Cl exposure determination by job classification? 

Cl methods of compliance: 

Cl general {either universal precautions or body substance isolation CBSn? 

Cl engineering and work practice controls? 

Cl personal protective equipment? 

Cl housekeeping? 



D handling of regulated waste? 

D Hepatitis B vaccination and post-exposure evaluation ind follow-up? 

D communication of hazards to employees? 

D recordkeeping? 

D procedure for evaluation of exposure incidents? 

D Is the exposure control plan accessible to employees? 

D Are engineering and work practice controls in place to minimize employee exposure? 

D Are they in good working order? • 

D Are they regularly maintained? 

D Is adequate personal protective equipment provided and is it used appropriately? 

D Are handwashing facilities readily accessible? Are they used after removal of PPE? 

D Are there adequate procedures in place for cleaning and decontamination of equipment and 
environmental and working surfaces that come into contract with blood or other potentially 
infectious materials? 

D Is contaminated laundry containerized, labeled, and handled appropriately? 

D Is training provided at the time of initial employment and at least annually thereafter? 

D Is the hepatitis B vaccine made available to all exposed employees? 

D Is a confidential medical evaluation and follow-up made immediately available to an 
employee who experiences an exposure incident? 

D Are training records kept, including the content of the training and qualifications of the 
trainer? 

D Is regulated waste appropriately containerized, labeled, and handled? 

D Is equipment decontaminated prior to servicing or repair? 
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0 .. pres- dennCI maintanld Clllow IPfnldlr Midi? . 

0 Ne ~ In ldngullhn ~ h edlqualt numt. 

-~ 
0 kt h ~ mcullld h l.:P{ ICCllttAt localb•? 

C M h ~w.ra rwdlar;ed ~ Wld 1.-d on h ho 
ll*llcn 1IQ'I 

c /tn .,,.,.... ptricdcllly ~ n tw UM ti~ 
Ind .. p~ pr"OCldlll7 

PERSONAL PROTECTIVE EQUIPMENT 
AND CLOTHING--------

D /tn pr~ gogglls 0t Ilea W1leldl ~ w warn whlrt '*"II tnt ~ ot ~Pl'** or m1Clll.,. "*'1111? 

0 Ate ~ llftCr glls. NqUhd IO be warn• II .,,. 
h.-whnhr'lll•~"•'*'*"°'·~ 
...... ~ Ot tlunw1 . 

C kt ~-"oNldmt..,,. --~ OtCOI~ 
.. ~ tmlrcrlflllt11 Mvlng hlnMI ~ NqUhd 
IO ww Ody iPP"Md fllMt glllw. pcAldtwe go;glti. fll .­
.,_ meclcal)' IPPfO'w'ld ~ ~ 

c Art .. ~ gll7.4I. IPl'W. ..... • -- ...,,. pnM:to 
td lglllNt QM. COihW~ ~ and...,...., 

0 Jin hlrd ... P"Mded..., "°"' .... ...,,,, tlfttg .. 
9'=11 lllm? 

D ke Nrd NII~~ tor dlnWIOt ID,_ lhtl 

Ind---·~. 

0 II~ bX p~ flqlkld....,. fltrl ii h r111c 

"'blC ~tom ha(, COiloeht. poilctoal -~ .... 
"II otlitCb. CMNn; ar ,...., ctiON'I 

0 M iPP'CMd•wP•i~b~or•••9il'C'fUM ...... ~ 
C II II p~ ~ tnliraNd In I -'Illy CIOldlloi\ 

lnd*1ttb•1 

C 0o S'O'I ... .,. _, llca1till n I~ Drtndl a.. 
.WW. ........... ....,,.....,. ....... ifPioul . ....,. ...,., 

0 Wtwt tpldlr ~ 11.......S W....., Mltltr1, II 
• 8'4'lllblt? 

D ~ '"="" n lllerl on tw pr.-n'111, • fwf emn " 
- whn '*' ii no txpCan to Dcic rNllll1lll « Clltlllf 
Mlfttlhazan:a? 

"CJ .. p"'8c:ILa1 ..... efllc&t ·ri OGQipdrlW,... a;mn 
ptO¥idld wt.1 DRf ....- tDld fal d IN OSHA nolle 
lllnd*"'1 

OAtt~1_,,.~~~ft1~ 
..... pr'IM*f Wld Ulld "*' ~ up IClilld Ddc Ot odwr· 
.... hlDrdM ...... Ot lquidl? . 

GENERAL WORK ENVIRONMENT---

Ckell~~n~ 

CM wortl NfDl lllplft'ror ISIPiC$'* rntSW ~ti:>-.. ......... ~ 
c Ne .. IPlltd ...... Ot llquidl..., up ~ 

c .. Cll:lft'ltUltll ICrlP. dlbrta rd---- - ~ 
• hm ......... pr11.,-r 

0 II oomClud* dim~ up wll\ I 'fllCUUlft ~ID~ 
..... CUil P'4 "*> upeneir:ln? 

c .. n...a: Ot ~ .. ptl'fll'lld tam~ Ot Ill> 

Cllmulldn; on or lnanS -.w tnebU-. • tcMrnenr? 

CM CIMf9d ftlltll - .,. Uled lat oly IN .---.cs ...., -

0 kt II ol ltlf 911 hddlra.~~MhlwTll ...... C!Gn­
.. M .. ~bot Ml I plcltl or INln tuners n 
... WClltdlqP 

OM ... ~~- ..... - .. dNrtld~ 
D In .. Milln&in ..-- ot 1111111 Md ""'*'II..._ 

flOMed? 

0 M II tlllltl w .-.. ..._ deM n llftllry? 

Oklll.n.,_._..,........, 



D kt .... Ind Pl~ IDlcit dell'? 

O Ate altlts and walkways tnarked u approprfat•? 

0 k8 - ~ CO'lel'wd wlh ~ Nlerilla? 

0 Ale .... ft ... lloor. ~Ot--~ "1'flcl ~ 
P°'*11• COW'fl ed or ocrwwtM m9d9 .. , 

0 ......... =tlll'lnCll tor WkJng In .... .,...,. mceorad 
OI mec:Nnicll MndlnQ ~ ii Opltllltl(t1 

0 In llWllilll « ~ ~., IUCh I Wf ... Np pro. 

)ledvtl wil not ~· ... "' Wlhly7 
Che IPiled mll9rilll dMnld \IP ia~ 

0 ke chlngll ol dirleb or ~ l9dr idttdlable? 

0 An alllM or ~ M Piii ""' ~ or optt"d~ 
~. welding ..-;. ar un11iQP.iab• 8""lnQld 
., ~ wll net be lllbfec:* to polerm.I hlzardl? 

0 II~ tiwtroom ~ b h "*' *9h d. llP( lblt 
Ot~ 

0 m standsd guardrails~......,*' orWll-..y U• . 

-.. art Mated "'°"' than 30 ~ lbcM l/f'/ ldlacent 
ftoor or "' Ql'N'ld? 

c kt bridQel pnM:Sed ,,,., ~ Ind litnlllt hlzanil? 

FLOOR AND WAU. OPENINGS----

0 kt fbclr opei • igl gult'dld trf I CO.., I~ fl equ;.,.ln 
on al lidtt (~ at enl1lf'ICll " llli ~ or llddlt1)7 

0 In ~ lnlCal9d .-ound .. ~ ot Plnlllr*"' laor 
op9nlng (whttw pt1~· ml1 Piii below lht ~? 

o m lkyf9C ICr'9trW or Mh ~ n mounting '* 
lwy d wfthsllnd I lo9d ot • llat 200 pcga? 

c .. fie QlaSI in the wlndowl, deers. - ...... c.. ~ .. 
~"~Imped. of.,.......,,... and ttPe IDr 
.. oondlllcn d w.? 

O An arc. or lln*r f>'P' CCMr1 CMt laor op11 lll91 M:h • 
1ocr cnns. d IUCf'I des9\.,. bl nmc or 1Q11n; ~ 
.. ft(!( bl affec:t.d bt IM Ql'lll IC*i i;? 

0 In'"'* pol1b II d MMce pb Ind pfta net~ In WI 
....., CCWt'ld or~ b1 ptdr.a. or~ 

C lift w••._. ~Rd\ C1Diii91ll"d ... CIMN.5'a flllr 
aippgrtl dtllgi~ to '*"' • WC* ,. .. tlld d • ..... 
20IJIXJ pcuidl when IDcllld ft~ ... Uflcl" ... 
ell traft'c1 

CmbrorWllap.-*9hh....,..~~ 
wlh ~or°"""' oe111~ Mitt,. h-. flf ,.9\1> 
'" ... ciroMed.., ... ~ ..... .,_ ICIPClpl...., 

v•Nn~ ANl1 :iTAlRWAYS------

D Ale a dwd ltlir flkor hlnchis on II......,... hiving bl 
•mor.rilerl? . 

D M al ~)'I • .... 22 lncfta wide? 

0 0o ll8ir'I ~ • .... I l'I" owrf'INd dtltlllCt? 

D Do_.. lllrtj4 no men f\lft IO we no IMe hn 30 ~? 

D M _..of tdowi*' Wt Ndl and lrdngl lltld 10 no9-
~ IMI wiltl def ....wP 

D M - .... on ...... &rlibm tam lap ID bcC:m, with no 
.. eple:iig ..... ""' 7\\ !nd'911 

D M lllPI on llU1nltlil~dlli;nedorprowidedwith1 
uf8cl ... ~ "'"'lllp .....,.., 

D Ale lllll'wef Mdlll b::ll9d b1eW1M 30 Ind 3' h:f'IS ltlaw'I 
.. INdrng ldgl d • hedl? 

0 Do .. wt'*°"' hM ..... , ',\ lnctlll ol clllrll'ICI ~ 
e...n flt twldl'• n 1hl wa1 or ll.lfac:I tll)' n mowMd 
an? 

0 In ltUw8y t.ndrlit c:llPlbll d wlbCntng • Iced of 200 
• .. pcu1dl. 8ppled h q ~ • ., . 

C ~ _.. or lllit#l)'I • clrdf lmD Mr na whltl 
wtlidll NI bl C11A1 ltlCI. n adeqlo blnietl and nmi9 
~., pevn ~~no"'• o1 nft'c? 

0 Do .uw.y i1n69 M\11 I.,._..,,, meuur9d in flt dltlc­
IQn ol ............. ~ ~ .. widlti d fie llli'My? 

C II fW wrtaf dltlnce btMetrl .clitwar llncfingl haed to ,2 
.. c.- ... ., 

ELEVATED SURFACES-----------

c All ll;rw pollld..., appropillt, lhowin;,,. ~ ...,, .. 
llclmd~ 

c Ale Nfll* llMlild mort .., 30 lnc:hlt lbcM lhl lbor (¥ 

~ provided wilh lllndlrd guriall? 

C Ale II ••lled ..-. (betllllh wNctt people or nchhlly 
~ be •Jql llMd ti> llllng otajtctl) prooMed .. ttandttd 
4td\~ 

D 11 a Pll•NI..,. ...,. d --=- Md egr.-a ptOltfded to 
...... ~ .. Ind wart llltlc9I? 

C .. ...._.,...ooinpnrwldl4...,. nu 11"1" 

D II ....... Oft .... ~ turflcte ..... '**9d fl ..ea In I 
.. •• ., pr..c I torn fppt'9o llD"lla. ...... " ~ Ot 

IP •47 
D In do'* ..,.,. flt llridQll ,,_ Ulld .,_ •••11119 

will• 11111 .... ,. cb::M nt ludlil or Ill en? 



EXITING OR EGRESS _____ _ 

0 M II tdl mwMd llfth In DI lign and llwrW.ied by I 
Nllblt~~' 

0 Mi.. •tc11o111 ID tKIL ~ nol ~ ~ 
awbd wit! ..,.. .,., 

0 Ale dclOtl. $ t;IM)'I « ~ M 11'9 neither edll nor 
_.. ID Ida Ind wNcfl CIUS be ~ lor edtl. as> 
~ nrMd "NOT AH !Xl'T," "'TO IASEMEHT," 
1TOAEROOM,".-C.1 

0 Alt ... ~· .. word "EX1r" "~ ..... 
I n:t.. Ngh n 111 .- cl ,_. llC\tl1ng ll lllSI 'l\.lncf\ 
llidl? 

0 Ale .... lldt-Mlged? 

Olinll .... hlcl~ 

0 kl ..... two mlll9 cl .... prowidtd tom ..... ed -
bml. pill ~ l'OOIT'll ...... -.. .-a d I MCand td would •ICIW tw ltlk d ~ tom t.:lt. poilanoul, ODn'OSi+i, M· 
focdn;, lamrnable •• exploli .. ~? 

0 kt '*9 aifll'dn IXb ID ptrTNI ~ 9ICIC)e In Qll cl 
~ . .. 

c Ne~~.., tg pr'Ol9d ~)'Ml d\l'lng GCr\o 
llNClb'I Ind rtpllr apll'ltionl? 

0 II b ruTar d lldb from .:ft loot cl I bulding and t'I 

IUTlber d .. frcm "' buldino bel. ~ b "' 
Wrfr1; ~ IDed? 

0 kt_. ....,.whldl n ~II:) bt ~ i'trncfs 
prttl d I~ trd:md br ll laaSI 2.fOI ....... ~cg,. 
~ ~ bulclrl;I fl'IOl'9 Nn ,.,.. -- ., height. Ind ncl 
.... ""' 1"'°'6 ....... d1t CIClnlN:IM .......,.., 

C Whn ~ 11'1 wed • pM d NqUired ~ tcm I 
~ II IN 'Ml' llCpe lmbd ID 1 ft. w.*111 and \Z ft. 
~ 

0 Whitt cdti'Q wl be lrrDugh """"- ;Ills drxn. _.. Id 

doorl. -=rm docn, Ill:.. .,. .. dcat Uy '*'"""" ed rd "*' 
b llflcy ~for"""*'~ 

EXJTDOOAS------------------
0 M doors 'tllNctl 11'1 rlCP'ed ID ...,. M edl dee9'11d and 

GOnllNded IO NI Ill wt d llCl ftWI 9 otMol'9 rd c:hc:r? 

C kt wrca.. wtlk:f\ mUd bt mlsClli.n for Id doClra. 11*'9 ir.. 
ICC 111blt b1 INll'll d blntlrw « ~ 

C Ne DI dClorw Qpe11ilble l'om fie dhdlon d ed ...... wlt'ICllA 
.. \M d • lltt. Mr 'Pedll ~ « elbt...,, .. 
llulclng II oco ..,n 

c .. I l"t\ICMng. ~.~doer" prolitiMd from ..mg 
•• req\ihd .. ClaClr1 

0 "'*t pre hildwll9 ii ill&llld on I~ .. decw, d 
I llow .. door ID OS*' bi/ tPPl'J'Cn9 I ~ cl 11 pocandl 01 

1111 rn "' cfr'ec:llorl c1 "' 111 nfk? 
C kt dcat on c.-:t aYlgl 1aC1N pcMdld • _,-.,... 

•«N llsn Widl wl ..... tw lllctl Ind C1PS1 I'll door ... 
1 r1 pedodrtd 11 -.-. b:Md on flt Mlidl? 

c ""*" ..... .,.,, drlCty onto "'t ... *t. -­
......... .., "' .... .,. ldlqi ... '*'*' 
..S wanqs ~ tl>prlWM enipo,.. ~ irllO"' 
.. cl """=' 

c ,,,. dDar'I flll ~"ball drdol • .,.,"' b:llld.....,, 
..,. ....... ii ..... hfllc, ~. ~ 
..... ~ lldl doGt'I 

PORTABLE LADDERS------

0 ,,. .. llddlra Nkltllllld ~ good OOlldlllor\ JI** ~ 
.. Wld lie» rail~ .. hlrdwn Wld ear.gs~ ll· • 
*"*'and mcNlltJw ~ frMly ~binding. 
...,.,. P'IY' 

0 In noft4p ulft/ IMC prNdld on tldl lldd«? 

C kt~~ tall prrMdld on lldl ,_. • l\i'Q lldder'7 

o ,,. lldl:tlr ""9 Ind .,. '" ot ...- ns on 
0 II I pQfMtd ID .. I a.ddat In hinl d dl:Ds GPri"Q tMw'd 

...... -- wt*l f'9 doclr ii blcckld OS*\. loc:Md 01 

P'ded'7 
c II a pr~ m piece laddert on -... llln'lll. or °""' 
.... -- ti> oticairl ldcltiol'W hli;tC7 

0 lift~ IMlruct8d ti>,_ .. llddlr ..... ~ 
.,..dlig? 

0 kt~~ tram Ulk1g llddlrl M lrl llrokln, 
..-...; •ICll. nl'lgl. Ol dllll. bn*ln lide flil • °""' llUly 
~ 

0 M ....... ~ nat ID .- h tip - ot Ofdr*Y ......... _, 
c ,..... ~vi; lldltlrl.,. wild tDglin a.. tl>Mllld 

....... l!Cda. ......... lldder..,. ldlnd ..... , ... .,.. ........... , 
0 II I '*'*9d '* wtwn partlbll ""'9 or dall ttpt llddlt'I n 

Uled, Ill bMll II m plad IN& tipping wl nat OCIU, « I 
11 lllhld ....... tllld ., pllclt _ 

CM pnbll NW laddlrl ~ nrtced wlfl tip Mdh; 
"CAUTION"' • Oo Hal u.. Ar..s EJlctttc:lf ~ « 
~ Mlifl'l/I 

CM empio»W pid'M9d frarn U11r'9 llddert •Mio..._, 
llddl. gin .......... bn .. ~ pur.-t 

CM._,_~ tl>ortf ... e 11 9b1 flddlrl ..... 
~•at.eta.,..~onl'llllddlr«hm 
I poelllaf\ libow't .. IJlldar7t 



0 Ate the "'9 of llddtcl ~.pad., t2 lncfm. -­
lo OlnW1 

HANDTOOLSANDEQU~MEHT-------

o M al IDCU and 9q.,_. (boCt1 ~Ind~ 
owned) used by~ .... hi'"°'~ i\ QOC)d CC1db1? 

0 In hind tools IUCh • cNNla. sud*. lie. which dMlclp 

lh.IShroomed hlldl ~ ""· NCOidlollld or~• 
MCllllf(/ 

C Ale~ or hcU'9d hanclM on hltrmn, ... and~ 
equlpmtnl repllcld ~ 

C Ale .an or ~ .,.. dlll rwpCICld l9QUllt1Y7 
. . •.. c Ale llPP"OPriat• hlndl.s U9fd on ,.. rd limlar IOoll? 

C Ale empq.n made IWl1t of Ill hmrda CMed by flufty 
or ~ UMd hand tools? 

0 ,.,. ~ llfwty vsa-. flCt lhillds. tic. Ulld wt"1I 
Uling hind tools or· ~ wHch mlgtlc poduci' ~ · 
met.n.ls 0t be subftct to brNklQe? 

a Ale· f1c:b ~ ptrlcd'aly b .... lt"Y 1r1 1n QOCd 
. operating ccndhton? 

c In ~ handles wedged tl;hUy In 1he tllld of .. tcoia? 

C kw IOClf cuti"IQ ~ Mpt Np IO IW td wl mcM .11Td~ 
· wlhcM tMdlng or lldppit i;? 

O Ale ll:IOll llr:W9d ., dry. MCUl'I locallan wMt9 Illy won't be 
tampered wilh? 

C II l)'t Ind f8Ct p CCIC1b I Ullcf wflll'I drivfn; hltdtned Of 

llrnpertd spuds or Nia? 

PORTABLE (POWER OPERATED) TOOLS 
AND EQUIPMENT--------

c M ~. UWI Ind Arils equlpnw4 prowtdld wllh lp-
proprllle Nfwty prdl? 

0 M PQMf tcc11 UMd wtlh "'corr'ICt lhteid, guwd. or aaac.h­
mtftl. l9COllAl•idld by lie ~ 

c kw por1lible ~ .,,. tq&~ with pdl &bow Md 
..,.. .,. .. W.O.? 

C M ctcaW .. gulrdl c::hlcbd ID _,.. f"Y n net wedgo­
ecl up.""" IMYln; .... --poruon oth ..... ~ 

c Ale rac.1nQ or momg pn of~ p'dld to P'Ml'C 

""** conmen 
c ,.,. .. corcklOl•.-f. **lcllroPlilllld ... Ind ~ 

awt tffld"'t ~or d tw IPPMd ~ i1IUldld .., 

- • - • _ _.... WWW"' .... .,...,. V'f'S ~. iJUl-r'I· c:nll'\I., 

~ on ~ ao •caner-. nillrl. lk corn. .......... , 
O Ate pnbll lw provided wifl U QUlrdl or ecrttn1 hi-Ang 

. Gplf!i'lgl " Inch or Illa? · 

c 11 ~~ .... Ind Ulld tor lftlnQ MIYY ~ 
jlell. and .. '* ...... ""'~ ..... tpprOpriltt for 
.. &aaJt? 

C Ate~ O'CUI lrUm4*rl pnMded on II~ 
tllecricll 11 end 20 .,.,. drcUll. wed ~ perlodl ot 
o:rsuc:aon? 

C An pnun1111: Ind tlpallc ,._ on powtr-apnted D* 
cNdcld ft9llM't for dltlrlnlioft or d11n9? 

ABRASIVE WHEEL. EQUIPMENT· 
GRINDERS----------

0 Ii h wen,_ UMd and klf'l-.UICld to within ti n:ti of !ht 
whMl'7 

c II 111 '4 lltablt '°'9" on "' tap tide of "' grtndtt used 
Ind Upt ed)ISltd to wilhln ,.. h:h °'"' ......, 

0 Do - pdl CllMI' .. epitdt, nut. Ind tinge and 75 pet• 
.. o1 .. .,...~ 

0 An blndi and pedtllal grfndn petmlnlnlfy rno&ned? 

O Ale gop or r.:. thllldl-. worn-""'~ 
0 II 1hl nsdmum""" ldl'9 d llCft ......... compes. 

1111 wilt lhl RPM ~ cl flt P* moD1 

C Alt lx9d or pennanenlfy mrMilld ""*9 ~ID I'* 
~ ~ ~ wtlh m1t111c ccnu or Oltltl" perm1-
,.. wring INlhod? 

c Does Md\ P'ICflr hM an nMUI on and oll DVOl 1Wftch1 

0 .. -" tllctiMI)' oC*idld ptndw llldlwtl/ groundtd? 

0 Bebe,..,...,..,.."' ~ ... 1'9Y-..Y~ 
epect8d lttd '*" -.s7 

O kt UI ~·end powwr9d..,.... pnMded on~ 
UMd in apll'lllol• .. proMI ~ ""°"* al cMl'? 

0 kt ...... ~ lnUllld an ptidlrl 1111 U9I ~ID P9' 
....... IWHlig .,.,...1 

O la di• 6- mllntllned we&nf ~....., 

POWDER ACTUATED TOOLS-----

O m 1t14*>,... who opllWll powder.a ICld llXlll hlned In 
I'*_. Ind OS"f I Wiid.,...... CMtl 

C II ..::ll PMdlr«* ' I al ill:ll'ld in II OM! 1DcDd OOI ... 

~-~..,, 



... - -~--- - ··~ 

~ ~TEDTOOl..HUSE"--o""t 
fOlled "'*' .. tool .. blinQ UMd? 

0 Ale powdltctullld tl:dl ... ~ &nl"" .. a.I)' 
,..,, " bl ...s1 

c Ate pow!W«*•"'8d tloll NplCild tr~ ar dlfac.a 
Md\ day btb"t _, 

c Do powdlr«*swcf D:ll opeiilfOl'I hM Ind .. -~ 
PilllO'WI pr~ ~ Mii • lwnf .... """ 
.,_.. allty "'°" and - pall CIOrl1 

MACHINE GUARDING------

C II ... I nrq lllC9P ID hlrUCl ~ Oft ldl 
ll'tlCtlOdl d "*'*" ... ..,.,, 

C 11lhertldlqmtl~IDtnlUrt1111.,.ao~ n 
~..,. rwtinl apnllng ~ 

0 ........... P"9'I"' d Wlty hlpec;tbJ d ncHtwy 

-~ . 
0 " ... ma:tlinery and equipment bpt dell\ Md ~ 

ll1llt1Cahld? 

0 " d'dett dell1nCll prow4ded lrQ.l'ld..., btlYMft "*'*-
ID..,,, for ... apeim-.111 "'Md~......,~ 
c9r'IQ It'd .... rtmMl? 

c 11 ~~ ..s ncfWwlJ llCUT'll't ~ n •dior.d. 
"'*' N: ""/" pr......c W'IQ Gr Cits rnowen.t hd CilMd 
..,. ti pncNI ~ 

c ........ powll' .U<Oll IWbcti wlll'li\ IWCtl cl .. apel ..... 

pcllitlr::a\ • -" mll:IYne? 
C Can tllctlic powll' ID -=ti tnld*w bl ~ ~ tar 

Nnltnlra. Nipli, or~ 

0 Mb l'ICll'ICUIT~ nc.I pft fl tll=lcafy cperllld 
IMC:Nnll bended Md~ 

0 Art b:ll.,.., .. lldw guarded"--~"~ II> 
c:ldlnlll acudon bJ pliNW Ill " fatn; otlfedl'7 

0 All mlnUIO't op'111:1d .... ...s "*'- ..... IQ .. 
Gpli lb• d tqUlpmetC and mec:NI• dellttr tlililllfted Ind 
9'lldl)' •::111 1 4t? 

0 Art .. trnel'gll 'CJ *P buaolw ..., ,.,, 

O An II~ Ind bllll 1111nwit*\7 • d"' ll:lor or 
~....,~..,..,, 

0 Art .. mowing ..... Ind ... property p'dld'? 
0 Art "*911 .,.a. mo&.nld on ,...,.,. I'll& we CIOOWll ID · 

pwwrl "' OCXlln tr'Cl'ft IWf*1; ~...., 
Okt.,.._~"~"'cipwm..Satllr 
...... In .. lr.:Hllll ... hm .... a.-..:s Ill .. 
poft ...... ~ ----~,... ~cHpl. ._,.,., 

0,,,,. ~.--w.n..,,, ......... ..., .... 
efftra~ln,_...., 

D lll*lzilMidtlAln..Sl:r~n•1 ........ 
dD ~ Pl'*cl h ope ...,,, ......, 

- ·-- ·-·-·-.. ..,..,,.,_,_, - __...... ~ m"' 
pdld ly an tne:IC*n M II ~ _,. lie -. 
..,. .. "'•'*,,..,..,mm OCQA'.,.. flll IUW 
....... h pllct, IO p'dld? 

0 Oo ..... .., ••Olli'-' Inn.., .... tMn9 .,.. .. .., .... tam., 
0 An p!Otillb• ndl " """"" nd*lee tom Momdc:lly ..... "'*" ,.,_. II """1d llllt' I ..,.., lllurt Gr .....,, 
0 M lnKN•a:ntuelld •• 1Dblht hnt•111r,...., 

*" ............ D:ll 11.......i and Mil w IS*d'7 

0 I ftlldt•1 at ClllltllS wlft OCll_.. I ''•·II It,._...~ 
talld lltd pnontl pi~ lqUlprMnl OIClllll' ~ 
..a.d " p'GllCl ....... -- .....,. hm .,. ...s 

--~ 
.• 0~111'1 ~~~•O'"....,apwi1g1 rawv-

..,, " - ..., ... , wWin, ... d .. loar? 

0M..,..'8ldb~1q1Wecf wlh d4ddc t.dt dl¥al 

-~' 0 M ldll lml - IO M'll iged hi tit C&l.li'I; ,_ wl gar'Ctt 
• · llCUm II> .. a.ct cl b lltlil .,_, N'IM UT 

LOCKOUT BLOCKOUT PROCEDURES--

Clill...,._.,0t ..... _...d~~ 
" be .... ~ " 1111 l9IOld and blodlld 01 locQd.QA 
Nft; dll'*'Q. 11Mr*'9o ~ ar "°9"' .,_., 
....... ,..nd? 

C "'*1 flt paww dllcx:aflz A ig m11t11 tar~ o. ftCll 

- 4licDI..., .. 9"*k:ll Clldd CirM 

II fftlllW prvwldld ID _,,. IW cx:nd draAl C1n lllO 
... d9COl1*'9d Ind ~ 

c Ii .. IDdci 90llC ol carD'of ... In ..., d IDr:Mig.N ftlli\ 

..-c11Co·-~ 
0 M II....,_.. OCl'ftl vM hrdll prOlltdld Wlh I,,_.. 

tar IDddl9cM'1 
0 0099 .. llDoOIA ......... ~ ........ ~ t-:t••h)drUc.•. IC.)bl ................ .... 
~ll~b..,., 

0 kt IPPfapiilfl .,,.,_ pr'CMdld• ~'¥d per. .... ...,IDdll? 
0,,. •••le•-.........,_, .......... .,_, d .. .., 

.... hr ... ~ ... In..., 
D Ii I~ M _.., h .. .,_ eqaect ID .. hlzn, 

---~ .. --b:*? 
Dlil ..... M•IPO .... cNdl .. ._dh-­
'r-1•~ 1 -.t "'..., i1W1ir1Q ... no one Ii ..,oeed1 



0 ~re~w~IO M)teuh .. oar*ddrcut*P 
tlla:in prtor IO IHI• ;zlig .. Nin .,.,__ 9*1\? 

0 II'*°' 1 INW piMdld IO ldlnlfv qor II~ who 
INwortQn; on~~ ~""'Dc:bor~ 

~·? 
O kt a ILA:ilrt ruiW d 9CICidlrt ......... l9W or• Ind 

llfsty peclocN ~ IQr Mt f'lllOnlbly ........ ,.. 
.,.,gt«c(l 

O Whtft lftlCtiN .,.., ~or lln ~"' 
epnD IO-.. hie or'* CCl'*Clf llllbt IO 11'111111 ll:xlll or per. 
tDrrn-. ope1111c1•. nl M PM fltw mldlN CIMf mcM 

I ledderealy ~ II IUCh ...,_. ~ 10 bt 
MPlfllllV lacked or blac:kld ~ 

0 ~ IM ..- M equlCl'ftM or ._ OIMal bl fti dlMn. 
~and f8gged." ... ):lb procGn • .,., ftl 
rigidtt tollowtcS7 . • 

WELDING, CUTTlNG AND BRAZING--

0 kt oN'( IUlhoriz'td Ind trWled ptl'IOIN S*"'itltd IO UM 

Mldln;. CUUin; or brlD'IO-~. 

0 Ooa eed'I opera1Ct MYt • CIOPr d "' approprilll ~ 
lnltNcZlcnl and n 1'9)1 drte:l9d IO IDlow '*"? 

0 Nt ccrnpreued pl qlndetl ~ Wiiiied far~ 
tip ol ~ dlle> f\d'lg. or IMkagt? 

0 II WI Ulld In '*'ding and IDlge d c:ylndn. llfwty .... 
_, VINll, MC.. IO prewent cllmlge? 

0 Nt prlCl&Alcnl tlkln IO P'IW'C h ~ d lit or CDIWI" 
.e. lln'INtlle Qlllll. MllCIC • a tuNr or h a -.'ldwd D'd1? 

0 Are ontr appowcf _.,... ~ ~. ~ 
~~. ~ .......... #oldl)~ 

0 Are ~ ape .,,., torn llCU'Cll cl hllt1 

0 II l prohibft9d IO UM ~ U ,.,_ Ot "4JPCd? 

0 Nt empty qlindet1 ~ mltbd rd .. --­
dclNd'? 

0Nt11;rw rMri;: ~ SMOIQNG. IMTCHES. OR 
OPENUGHTS. or "' ~ poll9d? 

0 kecyt'dlrl.q6-dlr--. ~~ ..... end 
---- UpC hi d ~ Ot w-r abitaar? 

c Ooc,lndn ..... beef ...................... Ot 

~ M•d• on*" whw .._., ..,.? 
• C kt~.-m'9CI ns lfWld e. end'4) wilt WIM 
'· ~lnplece? 

C Alt P'IMlior• aw.ti• ftl'4lf crack I W'OU ~ Vlh't 
..., .... d 911tion? 

D 1ebw 1,.....,, 11....,.,., II flt wat.41 cDld Md 911 ••td torn ...... .., 
Cllredueedm~flt~•Candofler~)hoet, 

O"llft tar aqpt ..... Md tllck tr Nit 911 Wld ... hcM? 

D An~~ Ulld nt tDr IM OU and 
""""" b wt*=" fwy .,. hlncSld7 

c .. liP"' dn:UI ~ LOl4 Wltlge " - wllr:lng ""' ~ 
llC*• • .,.. pcmlill Ind ... In - °'"' l'ICQln­...,, ..., 

C ~ ... •ldlllor-. .. ...- CD'llrClll tr llduciftO no 
IDad dlQI ...,, 

D 11 ~d h nctnhml ns 1111ty grcu.t GaM1C> 

'°"' "~ macflinll cNcMd ~ 
C Alt ..._. ramowed tom h ~ wtwn not In we? . 
C! II I~ M tlectl'il: SIO'* D ,_ Wiider bl""" off wt'9ft 
noorwllln~? 

D 11 Ntlbltftrt~eqJprnenl ew.w. far~ .. , 
O II flt Mlder folt>iddln to col or loop Mldlng M:tiodl cable 

ltOUnd hii tlOdY1 

0 Alt ... ~ 'lrrJtrUl'lt drlld - lllllld blbw being 
Ulld? 

D lftwcnnllec:llodlllld'**'~~b-­
n dlrnl;t. and ,.., wNrt needed? 

0 Do ..... tar camldllig Clbll lqltll hlW9 ~ 
~? 

C Ml9ft h ~IO bl wllldld Clmltbt mMCI nf h hlllrdl 
ClrWX bl NmMd. .. ~ Ulld IO~ hNl. IS*b. . ., 

C Nth M111:Nr1 111'pd wtwn Wllldlng « CU111n; II~ 
Id ft IDc::laof• ..... I ..... h lnigfe .... ? 

0 kt~ loclrl lllpl ..c. CIMred ~ dltrlp land. or pro. 
"1*d ~ .... • . Ml lfillds? 

c Wt9' ll:a'l art Mt down. .. pnll .. pGMCMd tam polll­
.... wllielsk:lf lhadt'? 

c Wlwn ~ .. Cleft Oft ............. j\#'ICIUllcrll..., 

• P'*CI ~on"'°'**" 
D e.b'I hat ..t 11 ~ .. Ulld chml.--.. t11*1. and 

.._ contlNrl 10 'l'fl1to4lt dlMld '*no aibAae,. 

...... cllMd ~ lgNll. • prcdl:ll Diii: ""°"? 
D 11I~1111 e,. p4*c:lb'I,..,.., t.nd etlllldl and go;. 

.... lllMI lil\IPC$1W ... ......, 

D kt a14'fo1 .. ..-If" b '-di c:r.- ~..ictn;. u. 
... or llladrlQ opwllta• pi...S wlh perwnl picaec:dw 
....,,_..,.,~ 

D II 1cNc*INde tor..,,.........., In and.,_.Wdln; 
•a-.11...,tom..n 



u nnan ~ 11 mmea pllCll,.,. lft'Waimentll rrcntlr· 
..... "'*'ltd ..... p'OWtdld tr 4** l'lft'M " ..... 
t\ .. "In ...... qt 

COMPRESSORS AND COMPRESSED 

AIR.----------------------
c kw C:OltpillOl'I ~ ... ..,..... ""'wMI. .., ......,...., 
0 kt OCllT!pl9llCll 111 INlbl n.lld Ind tqiilpped IO• IO lfto 

anhllor"'1dllli~•.-.1Wm1;::1111C11 

D kt lir ltn ~an the CIGnlC"•~ lnt&M? 

C An mu;: J 1 opntld Md Ulrtcad kl ICCOnSlncl di .. ~·~' 
O kt -.ff/ft/ dlwictl an 001l'IC)l 11s 1 d .r l)'lllrns ~ 

~ 

O a.forw lltf NPU wort II cblt an h ~ 1ys&1rn al a 
C:OIQ4iilil90I, fl f\t prm&n bled~ ft h l)'ltlrft ~ 

0 Alt ligns polt8d ID Wlm d h llJlamltil: ~ fesrurt ol 
.. comptlllCC'I? 

0 II f'9 bllt drfV9 tySllr'ft '*f1 tndcMd IO prcMde ~1 
far .. frcrd. blclc. tap. Ind tides? 

0 II I IDictf pl'of~ ID chct CCI lip M 1j16-.rdl I pnan? 

0 kw empoJM p~ tom uU'IQ ~ CQlllC)' .. 111 It b 
~purpclMl7 

0 I CQIT'9 111 Ii' II.,_ b-dlri1g oll ~ 11 h Pf'lill'n 
Mad ., ...... 10 Pll? 

0 ~ ~ compr-.d ... b dNnhg, do'"""",-... ... 
~chip~ Ind ......... prCMQlyt ~ 

C kt IDlttct.r11 crot.Mtltllt~ ~ &-s• ~ 
hgl al ~ p!'IDn ho9e hi whef'f I C011i9C6Jl1 ....... 

would cr9lll I ~ 

C .... comp mid* II Ulld ID~ WI~ d llquld. 
........ Wl'lltQng ptW't d .. c:ontlNr c:l'lldarn 

0 When ""'~, ... ~ air .. Ulld.., ........... deelliio 
9qUlprrwt. II r. ClplldlQ WLW I~ hi nUl be tllid apm1 
lnnllly? 

0 \lt'Nt'I con,n 111 Cl • II Ulld ID ~ IUID .... II I clpon 
dlUCk Ind an ..... ,.... prllll ID 40 Plf ~ 

a ... plQhiiled ID ... QiiTlpl 1111 :fir ID cllln ""Orll!CM cam-
..... ~ r Mfl dOf\ oNcS ..-r.cbl 1o be~ 
M In 119 U and C81* I h er ~' Mz:1nt7 

COMPRESSORS AIR RECEIVERS __ _ 

0 II 9W9fY NCliwr tqillppld .... I ...... pgt Ind wit\ Gnl 

• "'°"' ~ IP•'9 '*"d llllty ftlww? 

D la fll 9*f l'lllrt1fng capacily d ... llfe'1 ... capable d 
~ pr...-. tl .. *"* flam WIMd'lig flt IT\ll• 

"""" ..,.. wortdnQ .,....,,.. Cl l'9 "*"" b)' "'°" thin 
10~ 

0 11~air,-...,provided*'1 drain pipe n VIM II IN 
-.. ,.. aw"'~ 11 ~ o1 and wtttt? 

0 M C:Oitp 11 td.,, ....... ~ ftinld d mollt&n 
. Mdol7 

0 kt II-~~ tlllld hquenlly Md It~ lrUMb 
ID dsl111•• ....,_ f"1 n in goOd operllllig concltiOI'\? 

D .. IW't I QlftWC cplll Iii IQ plrmlt Ulld br lht DMslon of Oc· 
~ s.Jtty Ind HllJOl7 

0 II IN W.. al u rteli..,_ tnd piping l)'lttrlW Upl lr11 of eo­
~ Oi and~ lftltlrills? 

COMPRESSED GAS CYLINDERS---

D kt qt. ... wllh I.-.... C1P1C11cw30 ...... 
~ wflh ,,_,. b caMICllllQ I wtwl Pi'**' ~. 
• wtlh I CCllW Of _.. ti> PJ'*CI "8 VIM? 

C kt .... ~ ~ lo dlltf1 idlnd't ltl g11 

••lld"P 
0M~11 td 911 ~dll1 eM In arm wNct'I ft~ 

tldlld tom...,,., heir__,,.. tudl • latnl if1N igenw1I. 
hwl ~ hlel. lldi: an:a. er Ngtl...,........ hi? 

C kt •0n b:.i er-.'ld • - "'*- f"J wll nae be 
*'WOid br pilling Of~ alljlca Of Mjedl IO llmpero 
.. br "*"ICrind ..... .., 

0 kt 0';4idn SIDl1d ar t1111P011ttd In a NnrW ID~ lwrn 
..-g I hizsd br ~ flli18 er lallng? 

0 k9 q6dlra Wiltalrq "'91td ""9111. l!larld ern llp0r'9d 
.. a poelDt IO hi "8 '*'t rtllfl dlYtil II llw9)'I In chct 
-'*'Mil .. wpor ...... ..., 

D kt .W p'*'1tlll Myl ~ on qlndn "'*' tht 
._...,.. .,. ftClt ._ ... f/I -· I C1ld b ... 7 

c Ale .. .._...._._..,.·-- ............... _....II....,, n • .. ODii.,., al llefl Job? 



- .. -- --- r---~ - ----· ...- ... , •• __. .. _ _.._.. ,,.....,....__,..,. ~· 

aion. gtntrll dlSICr1lon, C'ldl.t. or"" Olher dtflCl '* miStC 
hftcatl I YMMHI or .Nndtr I unfit b Wrict? 

c eo.. the ~ d'9Ck ot low prWIM't Woga C'Jfl .. ft. 
di.Id• • dole hlpedlcn ot ... ~· boacm? 

HOIST A~D AUXJLLIAAY EQUIPMENT--

0 .. ~ owerhted llec:tR: hobl tquippld""' • tna dlW::l t» 
., "'rm......,• as "9'1111 n .,._. pohcl-. ~ 

0 WI NCh hoist MllOmlllcdy ep n hald Mr IDld up to 125 
pen:enl d b riled laid. I b KtulZilg bee II 11r1IO'ttd? 

c 11 flt mid bid of lid\ haill leQibP1 INIUd n ... m"' 
C!ptfalor? 

0 Na .. ~ided 11 llt llfl lmill °'~for 11"*1 hoilc? 

c Are lhl c:cntroll of hollt pllinly INltced II> kdcatt "' dlrwc­
lon of n..i or motion? 

c .. each caQ~ hoist tQuiped wilh., "'~ ~ 
mg deva? 

C Art ~tting guards or Clltllr IUlltlAt dlYices lnNl1ed on 
'* to USUC'9 hoill ropes .. bl -~ In ttlt lhelYe 
grows? 

0 kt II hcilt c:hli"4 or "'PIS ot ~ llr9f\ IO '*de I'll 
u rvigt d nwMmtnl ot I'll ~ldl )!1 whit .. me!~ 
~ two ful wnipe on tht dNm • II '"-? 

C An n~ points or cor'ltlCS pci'ltl bltwMn hoist ftlPll Ind 
n.w. ~ 111 pennanenft loclied ~ IMft ... °'"' 
loor, ground or wortcin; plalfonn, QUlldld? 

C la I pn::nbittd to ""' chailW or rope 1119 hi 111 ldnkld or 
tllrisltd? • 

0 II l prchi>ied to Ule tht hoill rgpe or cNin wrlPPtd MU1d 
.. bldlll~t.bl~ 

C II tht op9i lllDi lnltrud9d ID a'40id Cln)4ng ma Mr ptopll? 

INDUSTRIAL TRUCKs-FORKUFTS--­
c kt oNf empb/MI • hl't'9 bier\ "9ntd it lht proper WI 

d ...... dond lo aptrlll '*"' 
0 Art orlt hlned Pll ICI 1 ltl albwld lo cperltl hiMtrill lr\OCS? 

0 11 IUbmntlll owtlMd ~ tqUlprnlrt prcNtdtd on• 
Mrtdlr'~ 

O II dhcaoNI llrlt'IClng P""'idfd on Md! hMCrW N::tc hit 
Gplldtl it en .. wlh Ila f'lft I t:lat Clndlel per~ 
b:ic d o--11 ~ 

0 eo.. ..cf\~ IN:* .... ~ horn. whllGI. gong. 
..... .a 'Wf*I\ Clft be c:lllfff ._., llbcM .,. l'llft'nll .... ., ............... ~ 

~ ~- ....... _ Ul1 -.rt~ WUlill ~ Cll QrW'9"'Q .... 

wtUcll t). Dl\AICI and .. stop ... ""~ 

C W•"' ftMlrW N:lll' pertdnQ tnM ~ prMtt fie 
... kll'ft mcMn; when Ulldll ldld? 

0 kt hUlrilf tNCb ~In.,...,,.,....,,.,,.,.. DI* 
or~ or oombulCllle dull ar ~._.may bt • 
8ll'll '°' .. ~. IPPIOrid b a.ch llatiorw? 

C kt "'*'tad.hind and ,.d'rldll ructr:a., dlli;lltd l\ll h 
.... ft~ lndpowll'., .. ~ nd:rftAI olfwt!M 
.. ope.,.- ,.., •• NI or IW n on tw -.a 1111 can. .... ._, 
CM~ N:ll:I wltl hlmll OQINutlcn qi'lt, operllld 

.. td:fr9 01 •a.d ... Clr"*t ct'9CMd., .... Uh 
•• • do nor c:11.-~ a:11101t.,llkot1 cl dlnger'OUI 
........... ? 

SPRAYING OPERATIONS----...._ 
0 .. tdlcr- Widlrtton murld blb't ~ CIQlrdol• .,.. 
~ 

0 II mect. licll Wi dllloi I p'aiVldtd when ~ ClptlltiOI • ii 
done In •ldaMicf 11W? 

0 When"*'**'*' •dlEiol•. pnM:ild ~ ~ ~ 
lll:n, II •.a anw iged .,. • w11 nee cftullli h co..,.~ .,, .. 

0 .. "" lprwy ... "" of haC ue.c.? 
0 11111lpray ....... 20 .... tan IMm, l!pfts.--IQ 

*1itcall lftCltDrl Md oa. )f'1Jloft w? 

0 kt pottltile .... wed.,""'*- IP'ar ........ for 
.. In • fllzlldaul b:llion1 

0 II lllP!Olled ,.,_'I~~ Ind Ultd..., IC> 
~ cMing epl)"llQ ..... , 

0 Do ICMnls Ulld b dllMg haw a llatl pail to 100~ or 
an? 

0 kt .. CICl'llnll tpinldlr ....... c:tlln? 

0 M"N0~"199Pallldln1PfarlMI.-~ 
.... boalll, Md,.,,. .. -1 

0 .... ...., ..... dllrl of Cllmlluldllt......., 
0 kt ..., ...,.. CICININclld of .... awanry. Clf ... 

~~Nllrill? 

0 kt.., bd\ loorl nf beftltl ~and 1111)' 
111111*'7 

0 .. Wrwed ~~ .. °"of lhl 11111"" ~ 
~lllS! "w? 

0 .... ...., lloolta CClt,lsk'f ... 11 :f beb'I ~ .. drt-
.. --.+ 

0 .... ~ *"..,.. prcp-"t ~ 

0 M _,.. ..._ lllrtpall/boah-.-S Mlidt dfll bcdl 
_, .................. lllild .. ,......, 



•cu:a7 
C kt blftl and Pl.teve Nldl tw bootl U't ti~ 

0 Do ~ havt ICC:llSI doors ID lllow di• •'f'I 

0 Do Ill dr)4nQ IP'* """ ~ ...,...., 

ENTERING CONFINED SPACES----

C kt canhd IS**~~ ti 1t'Y Claf'IMI,. or 
fmll'lba abltlli ICN. Mlt • aa or curlc:I. tlieb't fllfr(I 

0ktIll1r'191 II) I~ lpla, C0'llli*'9 N1, ~. ~ 
..... or oomllM rnDWl vlfwild olf n tllrilld or~ 

NCUd and ~ btb't "*"' 
0 II I requhd twit al~ 1Dera. ~or Cllf'9r moW'Q tqU!p­

nnl Nidl canlned ... be ~I f"1 ...... 
tmard? 

C llthtnllUtll or~ wnddon ~prior to~ 
tned ~ trtr(? 

0 An apprcpilll ~ ... pet1omied., check for Oa· 
WI" Olftdetq, ll:lldc ~and~ cioccalfll!b• 
., .. ccnftned tplCll btlctw ~ 

0 II ldlqU111 lumi'lltb\ provtded. b "' wart ., bl pei1cmed 
In ... cord'n9d ep9Cll? 

c .. fie~ Nlcle .... contlned IPICll ~...., 
or ~ nlOl llol'ed cMtn; c:onduc:t ol wcrtc'? 

0 11 lhn., ~ '*Y ~ •nplofw Mlidt ""' 
oanftned tpec:ll, "'*' ,.qund, ...... ~ .. " 
~ Che 'MA In~ IOUl'ld In allml Ir• I ll'f, and 
f'lndlt ..acanct? 

0 .. .,. ~~~....,and tqilipped 
ID M'dt ~ lll*V"'C(7 

C II tw andt1f ~or att. ~ ..... prahibbd hm 
..mg !ht canlned IC*W wttaA ...,,_ nr ,.,_." 
equ1pmen1 r '*' 11 q Cll*dOn • " "' ca. d an 
~ 

0 .. ~~~required'"'.., .... 
... "' Clldnld 11*11 .... bl .,..,. • • .. , 

0 llal~tllcn::ll~UMdnldt ....... 
..,_~and m.tllid. OI ~ wlh pRI Id 
~? 

0 ...._ 01S M1c1'1Q or tu'*'; ii *'9d In 1 CD16ted tpec11, 

n .._. dl9dald a:ir lelli:&. ooi1"' a 1 is 111 baall9 bt:lld-
dlft Nide ol llt CIOl"dlned ..... bd"9 lrlll'( fdt ~ 
., "' oonl'ned .,.. - ... C0&6Wid ... '3111.d b .... 
......... mi fml b9b't. ~ Ddl 11 IO bl 
~ ~ .. oonlnld _., 

0 ,.,..,... .. .,.~~~IUdl • tnl•,.,...._ Dd-. .,,,__, te.. Ill a OC116ted ll*lt 
.. Mllci9rc * pnMtld" ....... lllcl\ .......... 

.,. " '°"""'' C Whlnrc ~~II ulld In I COillt'llCf 
....... ~ .... ".,.,.."'.,... plel art 
wntld USidl of flt endcltur'I? 

0 II wf\ 0016*' IPICt d**-d tor~ ~ or 
....... wftidl may~ lllllhanl? 

0 .. "' ....... 11*9 cNdcld b IOlliblt ~ .... 
lltlicft OOIM _..,. Ddc ,..,_, 

C llW caNNd 1P1C1 ii tlD' .. .,..., Md,.._ wNr'I 
11011:ir wticlll .. bl GpMllng. II • 11011ib1t tw wNc:lt a. 
... or~ ftlllladdt ID "*' .. IPICll? 

ENVIRONMENTAL CONTROLS----

c An .. wartt .,.. ,,..., IUrii.-r? 

C kt ••.P::/111 ~In PCS* .. air and Cll'3r '"*;ta CJ 
~? 

C Art hu:ll'dcut MDICIS ~ Yftlic:tl lllly CIUSI l'llrm 

'r lnhl&allor\ lnglldoli. ...,, ~-· or eonlld'7 

O NI emPa>W awn ol Ill hunt iMlvld wllh"' YlriClul 
dsr*=M ~""'bl~" In .. wort trM'olimM. 
IUdl • lfNftelllil. cHDMI ....... C&Sllct, .. ' 

0 .. ••IClbrM ...... " chttniclll In .. ----...., 
~..-.? 

0 Clf'I I Ital ~ "*'1ocf OI P'Od&a be Ulld? 

0 .... wart ...... dldioft ~ ""' .. b "'-"' 
~~ 

0 M IP'IY pUtdn; oC**- dor'l In acarty to:11N or lloCICt9 

.. ~ wilh In--·~ --~? 
0 It~~ ID~ Mw oonnied br ~ 

lon.mtdl ........... -.01 ....... ? 

0"' ..... - ....... ~ pnMdld..,. .. 
ahilldl cUtng ...... Gpll'llionl? 

0 I btclftlt MS °"'91'" wtllclail n Ulld In ....... or GIW 
......, ......... cwtlon MOladda ..... up ... 
..._. ec Wl!Mltlll •'*•llllon? 

c ..... ., ............. ,... """'"'"' flcldll 

CM~ being._. m • •91111~19 __.. b l9duct 
WEI ........ ......, 

0 M prapw ~'*'II~~ hlrdlng--. 

---lbrOUI~ 
D M-""" llbe9 n '9W UMd m _.. d ._•1 

0 In MIC IMlf10dl Ulld. wlW\ pidc-. lit ...,..-. ,. 
u·r·1m fll.-n. llt • ...... ._and.,... tr••............, 



. --..........--.--.....---.-.-·-·~·•••pom-
1111 rather l'tln tlloM'9 or M •~ ig dull? 

C M~. UW1. n Cltllf 11'Cf*• ... paMil fWc*etlll 
-. ~ to en~ Cll:lledor or°"*" ....,. 
.-n? 

C M II leaf..,,,. \WlllliCn ~~rd '4*•'8 
~u::haubnvdYM••••••rtarh_.. 
1on, ~ ~ plugged ar beb ~ 

0 ........ pac:ow.~~ Ulld..S•allld 
~~ 

c In ... WltDln Nndlld oPnllnO ~ ll:lr .. ""°" 
Ion rd - cl ..... "'*' Mldtd? . 

0 In~ end wWloome .. ..,. and lll*"Y? 
0 ......... ~ lardrni'lg. Wllfq. ..SCIOC!lq ..,.,. 

0 M emp!O)'MI; ~ ciiwillti .. i1iii1id b9b.. ~ 
•;a led IO Jobi 19q~ Mlwy wortr1 

0 Alt~ lnslrucSld in h ~ INMW d lifting t*"'1 
Obfec:a? 

0 Wt-. ,,.. ii • protNm. "'"' .. lxtd "°"' .... bier\ P"> 
Wdtd with 1PX c:oclng or lir cordtioNng? 

a Ale~ ..._.., blfort ~to...., c1 t11g1t 
,_., dlClltmN I,_'*"' CDdlian ~ nM IWn mn 
IUIC~ ID Mm; ., ~ Mc::tion'? 

a ht~...-~ on~ n IClldwlyl ..._. ~ .. ~ a"' hmtdl d ntk, 19qYi19d to ... ~ 
CICllOrtd (lrdc cnn;t) ...,q VIiia? 

o ,,,. .... 11.:b Md• r... ao IDc:llld '* a:a••.-d 
U wl not bt ~ wta'lin I~ or Gltw •doled ... ., 

0 11 IQUipnenl ~ ....... ~ rldldon property etlielded'? 

FLAMMABLE AND COMBUSTIBLE 

MATERIALS-----------------­c ht a:imtutl)le ICl'IP. dlbrtl wrd ..... n..aw. tol't ... .-:.) ..._,it~ mNI rw:• "'8 WIO MnCMd "°"" IW 
tlQrbb prompay? 

0 .. prt:lplt' .. pr1ICbd., ""*'Ila 111 lflk d ... n:utng 
~ cantution? 

0 An •otttd coilfaiiin and ... Ulld lar fw .. Md 
lllnding d ~Ind~ lquidl'? 

0 ht II cannecOor1I on dNnW Ind CIClrtludlll _.. pfphg. 

~and lquid """' 
C M II llrMmble _... Upl ii cbed COlall.,. "'*' not 

..... <-·G- '*" ClllMnQ tlnlll, PIM. .. ,, 

D Ate Wt cNnl cl ilmmll"9 lquldl ;roundld Ind tmdld to 
... ..,. cMtr1Q dllpttmigf 

c Oo-. roan fDrllnTnlbll n~ ~ ._. .,, ... ,.~~ 

UOO*"IQtroonwb'~rd~--hM 
~ or~ •lllllotl? 

c 11 lqiidl!Sld Plt*ln Qll llnd. twdlcS. ltd ... ;, '°' 
~ ...... prl1*te end lllndlrdl? 

0 M no llllllq alp ..,...cr on~'*"*"' 911.,..7 

0 kt ~ _,....,, ~ _. guarded ID ~ 
..,.. lrom wHdlt? 

CM 11 llMtW ...... n llrr11liltlll lqulcil "'- ., .. 
....... OCMr9d COi .... .,. .... .,., .. NtnMd - "' "°"' "1 

C II ncuulftng Ulld .._...., pclllltil "'* ,_ llbrq or 
--·~~..., 

c Ale Inn~ pllc:ed~--lll'ldCIClfl'ltudMI •llmmlblill...., mcli:ldone upot ..,._, .,..,. '* 
"4IPOlt lftd ~ 

b,,,. ..... qti•• .,., Ol)9llft c,11-. .._, by 
dllllnc:ll, .. ,.....,.. ........... ., .... , 

c Ate .. ~ -..:s Ind~ tar"' lyp'9 d 
IMlW"lll in .,... ...... ...,. .. llJ lie UMd? 

Cllll A Od'llly ~ llWlrilt ... 

Ola I ~ IQuid, ;et• ..... .,_ 

a.. "C El•gl&tcl ... cttlcll ~ .... 

c ln1Weplldl tn~lllCM"Mdweli\ 11 •tt• 
lldl ... COl'DlrinQ llamlnlb6t llPdl. " wllt*' 10 ... d 
,,,, lnlide ... .,.. .. ~ ll'llltl'iall? 

C An ealr9'llhn ht hrft ObllN:tDna ar t.lacb;e? 

C M al ldn;uilhlrl llMeld. INlnCllned ll'ld tl;;9d 11 lnts· 
Wiii no1 ., u:eed one ,_, 

CMll~WydllrQldlndln,...~ 
pllcel1 

C WtSl IP't1ldlr~ • Pl"'*•ot lnltllld. n 111 nm­
• .... to cl'ec:lld. Mlrlgld ....... w11'11:11 be~ 
lnlD optldlQ -=tell~ .. "~ 

0 Ne '"NO SMCJQNG .. llp pOllild Whn WQPlilll In­"'*' 19ft•illbll orCD'l'lludlll....,. n Ultd or ID'td1 

c Ale Nlfltr cw sMd fDrcllpll-.0 lllm'eblt. oontutltllt 
....... c1.1 

C Ate II ..... d ..,._. or CIClllD.lltibll _,.. dlwid &4) 
paaa l'Cl0(1 

c In ..... ~-Wf-..d to pr'MtC .. ~ 
... d. · .. ~ ............. d9i;."'11" 
~or.,...,,. • ..,..,......,,..,..., 

0 In elQI Iris_,-"' wilt ..,.QllllC'f w.llfn; NI .. 
1911\'t. • •• , ...... pr.-n Cl&aed ~ .. ..-...1 

CM '"NOIMClQCTMl..,_ln _llMM'8._. 
--"~ ...... , 



~A.~\P.OOU$ t:HEMICAL EXPOSUR! __ 

' c An.,.-,... nnd ift .. llft '*'din; pa::bi ol him· 
cba c:hlniclll IUd\ • lddl, Cl&.ilc:I, MC.' 

0 ln•rcilo,_. ._..olhP*tllilf ,._.~VWU. 
cMniC:lll m'9d or UMd In h wllpllcl 11.dl • acidl. .._, 

tllAb. ..... pMnoll. *'' 
0 II ~ ...,,.. ID U--' •h Qsl( .am KC~ 

IMll? 

0 In 1)19 __,, lour'ltln Ind saflly ltlOWlfl prcMdld ii .,.... 
..... WiuW .. dllmic:all lrl hltdld? 

0 Alt d ~ IUdl ...... *'9 llnkl. llC..llb9&ed. 
• lwlr W'lllnll. e.g., "CAUSTICS"? 

C In al~ rwq"red to• PlflONI ~ c:loltin; 
Ind equlpnenl""'" ~.,.,.. fglMI,. ~ 
ton. l'9lpirlmrl, &)? 

O kt~ orbci: ~ klpl~ dalld_...1111 wtwl 
nDI ii use? 

c kt chtmk::m plpng ~ dllftr INrMd. " ... carMrt7 

0 Whn c:oms.. lquidl .,. hqulnOy hlrded In open can­
... ornwn tom *'IOI.,... or pipe hi. ii._ ... 
....- '*"t...,.... a nMr11zi1Q or~ ol IP'le 
OI Mtfbw ~and~ 

c ...... ltlrdlld ~ prOCldur9I been~ Ind.,. 
by being fdbwtld ..... deri1Q up Clhlmi::ll _.., 

0 \ft1'-. rMd9d IDr erNigli Ct wt, .. lllpi ....... lbl'9d In I 
oonvenJenl, cllen, end ~ liallon? 

c Alt reep1rein ~a11d1d tar llTlll;trct UM ldlql• a,. 
~ ""' IDr wNct\ l"1 may be needed? 

c Alt ~ .... prohlllld tn:im tlllng In - ......... 
4ba cNmcail n_p-a 

0 II....,., pcAllclw ~ PfDWidld, Ulld Ind nll611illd 
....... ,.1111ry? 

0 M '*'9 'Mtlltn adwd aperdl!Q ~ IDr h llleo­
lan and "" c1 *Pi•• .._. ,....,, 

0 l~ ..... a1911Cli .. llfc11:fo1Pl'CIO'Wft, .. VCU•t4*' ... 
~on .. Claft'9d-.••• M ••d,_,.. .. ., 
M"-MPi••MOSHWMdb'*..,._~ 
Ion? Are hy ~ Npecl8d.,., dlwd, •lllad and 
llllllllM'ted? 

0 I htal'dclul • ie.tl: ICll .. Ulld In ,0. Pftl E 11111. dD \QI MW't•......,••· atta1...,..,4..-,,1n111elllun'P 

.• 

C In Vo" ..,,.., wtlh h 'nw.tiold ~ Ylll.lel or '9;ifliwi. 

.... EllPCIN't Unitl " ~ COl'Ulnind Ind ptl)'ICll 

..... lnfO"~ 

C HMcar'9d pacGnl _, ~btm:ri:u ,,__ 

..,... -··· IUCh ......... ....., ~. 
~~--., 

D WM ll'tW pa11ti1t n fllZ.nM Mltlral hlldtd h PR> 
~ If 1'; .r n......, llGaOll or.., I 1tb•? 

c Oo ,C., •pa clLtlan ar lllCll _,.,. _...,.,..,. 
IDa:n"Cll..._ wport, oa-. "'-. nN .... or me 
"'*" ..., bl ~ In ""' ....... , 

c 11 • r n: , ~ Plowldlef 1ar llft'IMf o1 ......... 
tam .... Oi*•• - Pnlductlon ~ IUllng. IP'IY 
~ irdarwpal'-DW.Q. ft ii •GplllDIQ ~ 

c Do~ ... ~lbolAdlzzil ... ~rw. 
~or-. fldl:n ol dllcon\Ot when f"1 WI ecMra 
OI Glwr dlemicall? 

C II .... I dli11illdlll pabllrn? Do en1CliCJlll ~ lbQa 

~ ntdDn. Ol lllWlllzllloft " .. lllll? 

C ..... yai wllidllltd tw ta fl en lncM* "J'ill illl or "" 
..0 ....... ~ IS*J'JIR ID MUlll ~ aperdan? 

c r _.,,., ~ .,.._ n Ulld, 11 cnan ll'IOlacidt 

- wit*' IC;lpClblt .... , 

C 11 ~ wed. ,.,_ llln lllowinQ or 1t ••png ._ 
..... ,. patllill a~ 

C Aft mlllftall wtlich gtww ol *le~ Ub:dn; or 
• llllf'llllc "'-. llOrld it ,... or llcllmd la : r i • wt.. 

-~-' 
HAZARDOUS SUBSTANCES 
COIHIUNICATION .... ------------
0 ........ fl ...... •!1111 .. &Min~-~ 

C II .... I Miian '-"f ~ pogrwn dllfr'IQ wllfl 
....... 8*y Olla .... ~ ....... and •• ...,... 

•••IQ? 
C 11...:flOCll .... frlraN mCIUI .......... -. ..... 
....... "=.) ~ .... ~ klln1lr and. tard 
"'"*'II~" .. ...- ......... and ""*" ... ., 

c .............. S*rDlll .. r'lldf1Mllf)lebtlCft 
I "*••111 _...,, 



0 II '*' an tmpo,w nlnln; program b hlZardM 
~ 

°"" ,. ~ ..,_. 
c (1) kt ~ ol W\11 "' MSD6 .. Ind ..,. ., 

. UM end~ one. 
0 CZ) MSOA CIOnllrD b _,. '-'dl:xa u.c.a or 

C11111o1.-1nea 

0 C3) ~cl._. tD Know.· 

C (') ldeldurbi d "'*'In •4*1JM CM .. "' 
~ 'Mtlen hu:wd CICllMU'iclllon ... 
Pl Ind_.. hU:Mba aub1•ae .... ~ 
... itflWworic .... 

0 '5) 1ht ~ .,., """',.... "'u.cancee 
"'"' wortw. ntpldl'cpiClllcOft nwa. .,._ UNd. 

ELECTRICAL---------

0 Co )OU~ cany.'1a1Cli wllh OSHA for II connc1 ~ 
tlClftC1 

C Alt II ••P:,... ~ID~ a IOOn • pra:2i'::lblt 11Pf 
~ hlZlrd.,"' or property-. ..r In OC1•11C:doi1 .tit\ 
llldrlad ~or hi? 

0 M ~ ~ ID ... prelnWry Npecrb• 
llllJlor ~ .... tD dttlnrint .... OCldlb'la .. 
Mb9 D1lnQ wort °' tl9ct1cll tqUlplTwt or lnM'? 

0 M'9n llec:trtc:ll ~ or ..... .,. to bl llNbd. ~ 
tllr* or ecflumd, n WllY~CIC*Md. ~ 
""' tllggld .,. •* P*lble7 

0 kt POIUbll ~ tdl and~ pindld or clh 
~Nuiltld~? 

c Art lldic::lr __.._ euc:h • WCWft ..... pcililhio'a. 
wndn8 tnlC:hNI, ... pnW7 

CCotlClliililkll'tcordl~UMdt..1~~ 

D kt ntUftfple ~ .... potee.r? 

0 Alt ~~~....._,on-=ts•lllOl•t 
'' or 20 wr.-., ta:> d AC chul • 11a1bw ._. ~ 
IN:9on. *'ICllkli. lnOdltlclllol .. ......._. or• c • ••• 

C M II ~ cftultl praltdld br IUltltlll cllcol 1-*cf 
...,._ ti~ OClillilCDI • fw )ldQn wtll ,.,_ ..W 
wlrtlg? 

C DD,.,.,,_. N:tlt:ll • t ' "''• "'hll:Mbll ._ orwps 
_, r '°'do hr n..r e. ,_... Elllctka Codt OEQ 
llrNa••tanta-' 

CArt-....COldlnCICllMhed~or•? 

C M~0tCll'9f ~.,.,..~on lexlH COdl 

or--. • plu;I. •• *'*'7•. tDall. ~ etc.. Ind • 
.. ~ jldcl( llQftli/ .. h pllell7 

c kt 11 CIOld. Cltlli w-...yocnllCl»I• ftlc:t n *"'' 
D ., Wit 0t din, ~ n **iclf 10o11 Md tqUlpfr1ll't .... ........... --.....~Id? 
c .. "' li:lclllof\ d **ical po.er .. Ind .... (Mftleld, 

~ ... bl. ---"' ...... -.)-..mined 
...,_ ~ ~ ar llirftllr WOltl II~? 

C kt"*" rwuttQ .-. ..-. ,_..._or li1\lar dl'c. 
... -.iw.d~•t.Wri:ptdtied .... fwy 
m*f conw h 00\liel ... ••;fzld C*11 d ~or C*· 
.. GOnducll:r1'P 

0 ..... "" al~ llddltl patll)bd In - whtr't ... ~ 
dtt Ot N penon Uling N liddtt cauld comt In cont1c:t Mr\ ••;tud Pl"' ol ~ .... or t*d c:onduc:b1? 

0 he II cllccr1d1Q IWlc:fill 8nd cfft:ul ~ llbtted to 
lndcalt "*"" ar....,.. IWWtd? 

0 ,,,. cllcor".wdl 119 .... IMyt Clplnld l:llfort bis .,.. 

"'*"*" 
0 Do .. i'*ttor ~..,.. lnc:Wt prOt'llb• IDr ~ 
NWl*'llfl~~--.... ~..s.-..1 

0,,,. .. -=al .... ,..., .......... llQnfy fullnld ..... ., 
0 kt ...... gizld ... d tllclltcll c:ir'CUll Md ~ 

prdld _.. ICCidetltlll oont8Ct Ill)' approwd ce6r1'tl or .,...,,., . 
C II dlciwll-- and WCltctig 1Pect ~Ind nwi'ltlh­

td ecaa 11 tllCft:lt.....,.. ID~ ..,.Ind .. apn. 
llnlnd--•IOI? 

CktllwuedCIPll*'Gl~CllnlW~~tlll> 
..... enc:bN9 .., .... doled Wlh appqa ... CIC'l1M. 

~-......, 

CM~ ......... u:t. • • tdtm. aw: ICC ... Jin=. 
tan ........ ~· ........... f/lplid-.? 

D ,,. , • I • " ...... - ••• :I lwf...,,. "' - ol 
........... ~olapritg .. CllrculwtllftlterntACr 
II~ alllllldo:1db1o....., • ,rc•trf/I _...,_ nuc bt ............. .,,,.,_°' ........ ..-.;.,, 

c ... ~ pi:U =* , lll'Wdld ............... ol mcDI 
~ ,,..,. .......... wtt::f\..S caM ,....,.. ft. •"""' ........... ~ 



C Is ~ mocor ~._., llllik:fl or drQ,i lltMMr b:a*' 
wltW\ ~ d ........ dlwtll? 

O 11 lldl moD....., ""*" .._,. d .. 001•olei ar"' ~ 
ftlltcllc:D•av ,...._.. dblir'8lr:dald1n"'""" 
fCllltal'\ or 111 t "'*9t ...,.,_.,Nini ......Sin"' ... wit*'. d"'...,., 

0 II .. c:iornllt b lldt,.. In ..... cl IWO tlO..,._, 

..,.,~..,•orn_..d"'~""' ....... , 
Oltit•••,..a~Mltonarnnf11•~111Q. 

._, equlpmlrt or ._ INenmd In tw ~ 
~(CPA>.....,,., 

o In.,.,..,... prof'Mld tam MltdnQ ltlW on ••;fztd ._ 
or~ Mt IOO walll? 

NO~E----------------------
0 """"".,..in tri ~ .... CDndrUM noiM ..... 

t&:eld ISdBA? 

O II '*" an ongoing Pl'MIM ~ Pf'C9lm " lducasl 
.,.,... in: ........ fl"°"'·..,_....:"'-* ot ftOiie 

an""' hnlll: Md"'• ot pnonll ~? 

0 Haw .att ... wtllr't,... ..- INlkt \ICb c:orrm.nc. 
IQn ~ ""'*',... clllbll 111111 lda6d encl~ 

0 kt nc9e ..... ~n-...dUli'Q I~ .......... 
.. oe&s\'9 brG ~ end rlCIOfdl ~ .., 

0 Hwl •i;ll ••ig CIOIW'Clli _, '81d ID Nduct F I 'A noiM 
IMll7 Where "9-.TIQ _.,. n dtlltmNid ID nae be 
....... -*'*tillillwt canlroll (Lt..,. ftltalon) bWi; 
Ulld ID riWra ~~ ...... ID nollil1 

0 11 WMCI ~ pa.ctlW lqUfpnerc tlOill ~ 
*-bl) IVli-* lo~~~ il noir)' WW? 

0 ~ ""' tild iallA'1; ,., nchi lll'f fram .... """6 
IP"doil'P 

0 ''°" .... P'*'*' .... .,.,... ~ IDld ... "" 
~il----1 

0 kt~ .. ~,._~ parloclc IUClamilW 
~"...,.bl Plhl-. an~ hMMQ Pl......, 
.-n? 

FUELING-----------------------
0 ... pideliid".,.,.,, Nlmll oarnblall:ln ............ ... ~ ........... """*"" 
0 kt ~ opnllol • Clone In IUdl a "*"* '* I 111tood .,..,.._.Mrin.17 

0 ""'" ~ OCCUl9 cbing UlnQ --·· .... IPiltO '*""*'...., ooniplelltf, MPCllled. or-.,,,..... 
..._,ID Ori'Clf wpors blbt ~"' engiW? 

0 Mt ...... CISll ...., and MCUrld bllDr'f IClrlng .. ..,...., 
0 " ..... ..,. ............. """'conlld ........ , 
.. CIDl'UNr .,., .. .,.. ..,.., 

O ke.,......_d•W1 lfr1'1\ld1Dtwdt"'IPICilc~ .,.,., 
D ... pdMld ID ... •"'* QllClll9 .. apan CD411i•'7 

D Ive GI*' lgta. apan ..,.,._or ..,..tmlQ. or .a,g equtpmerc 
~ ,._ Wng or...,_ fl Ml oC*lllonl? 

c .. ~pol Hid In .. wlclnlly., ..... CIPllllloi•? 

O Ive Ming aperllDrl prohibited h IUlclrig or Cllhar .-lClosed 
.,.. M n nor apec:lfieal'f .. ~ a HI putpOM? 

0 Whn fu6g or ...... of Mf 11 drN hough I Vl"i'Y low 
.-m, n tw nazzlll ol "' Ml c:toli'lg ~7 

IDENTIFICATION OF PIPING 

SYSTEMS-·------------------
0 Whln ~ WIW ii piped lw'Oup I llcR/, n 0-.. 

or• pwd ID *t ....,,... flit I II WW. Ind nae ID 
• Ulld fDr ClrHdn;. _...or-.,......., UM? 

c"""' hlzMbal allblllllClll ......... fWough .... 
~ ..... WI\ plpelrw ldlfCllld ....... con-.., oaM...,.,. .... ~ ........ , 

c """' piptll• .. ldarililtd .., ... Pli*'9o ....... 
Plrtlof,.heoldllldW? 

O When p1p11rs n ldlnllllld br odor pMllid blrG or--. 
............ IDc:llld • ...,,... ~and. 
..,, OUlllC. whit or oaia rntm? 

0 .,..,, ............ br °'*"· .... cab'cacil P*ld 
• al IDclllcl• .._. eonLtlb\ CQlld ~ ,_.,. ID 
empo)IMI? 

0 When"'~ o1.-.. nldadlldbvfllfnl or MIN 
llllbrw\' a i. II flt iibo"*"• IWdl'f ~on "'pipe new 
4lldi Wltw or oudlC7 

c When ... CM)ing ........ IClll .. ldlc6d 
llr ........ ODlilll cu it cl ... ......... .. 
• 1111;. CJfrild dlertr Ind pennll .... ~Ind ............ wMor...., 

D .__.. ... .....,..,al :ttlJ, 11111mor-....,. 
• eourw. ................ plad ........ 

..... ·--.... Jlbf .... d .. .....,.., 



MATERIAL HANDLING. _____ _ 

c 11 ..,. ..,, deltWa a~ ~ 111111 .., 
cloolwayt? 

0Alt ... ,.,. .. ,,.~1*"9.er mMr9d. .-dUpldw 
tD .,,, urt111•td pauoe? 

0 kt ll'doftzlid wtaidla Ind rwhllllmd ~ •llPl*d 
dli)' or prb' IO UM? 

0 M wtlldll vu di n trllal Ill prtar tit IDldlng s 
~ig? 

0 M OOI..._, cl CICft'Clullltll or ... ,,...._ wNn ~ 
whit Ming rnowd,...,.. llS*llld ~ Uwigt ....... 1D 
P'vwidl~ 

c In dOc:k bCllrdl ~ P'l*a '81d"'*' tid1Q orui*adt 
...... 11'1 ~ pllce ............. and clocb1 

CM wflidll Wldtl) nllPOl1..-.w .,_.. ~ 
In'- ...,._ mmn. .. _....nun 19*'" 800d ..., 

c,,,. ........ , ...... pro-Mid ................. 
• .......... plloed lftd .. iged t'lll •..,t=)GA CM 
.,_., lftCU'C • cllmoc.rt7 

0M ....... N'ilpol1_...equipped•11 "- wtlh • · .................. , 
C ll1Ud9Qldh~.~pdcodb\••._. 

• l:C - ..... In MClh...,.. hl!lpOlt wt*M? 

c ~ ... tDall • tcx* wlh ..., ..... CIS'ltld In , ...... °"' ......... d •• .,.,,.. bnlpoft \llfllclll, .,. 
f"r pllcld In doled -.. • ........ wNoh n llCU'ld 
In pllcl? 

C Art rucb Ind hler'l a.cur"td tom mcMmerC cUtng ~. • . C M titis:q..e PldMld hm liq on "Pd flfl II* wHdl 
and unloldin; apll'lllonl? • w tNrl. -"· ar -. Mii became tntlblt? 

·c Art dOc:k p1at11 n io.c1ng nlW'llPI CICNCNclld n1 .-... 
Id wilh ~ llrengch IO eupport mpoeed 1o91tng1 

c Alt hind INCkl mainlllned ~ .... ~ c:onctUon? .. 

C Alt c:tllAM tQI iClQed tMl lidebaWI d IUftlcln ~ 10 Pf9' 
_. "' mater1111 ~ tllncled tam 1111ng am 

C Alt dU8I and orMt rollr ..._ lrmly pllcld or llClnd 
tD pr'IW9nl dllp&lcemlnl? 

C N flt dllh1try end d"' dirt ar .._ n PlvMb• nlldl 
tD llrlkt fie ~ d .. hlrdld ,...,..., 

C kt pillltl ~ Npec1ld blfal9 being IDldld or llWMd7 

c Nt tr:dll wlh..., ....... lglll •• ..,...., 

~ milettlll IO l'C llnQI ar li:lld ~- ..,, 111> 

cidlfUlf lllp oft "' "* hoclcl? 
C kt~ chlN: rop11, c:to:Mrs or 11119 Dqlllll tar,. 

jllb IO bl perbmed? 

C wt-.n hoilti'I; nllrill or~ n ~-· fMdl tD _,.no orw w1 tit pmlr't under,.._.,.., IDlllrt 

c Alt mlllrilf lflltkt dltl .... Ml .... tD ............ 

.. hultdoul Miiii"*' 
TRANSPORTING EMPLOYEES AND 

MATERIALS------------------
c Do .. )"I • .,.. ... -~~ 

·"""'.aid opllltOr'I btw? 

C Whln ..-a• lrwn ........... ....-'1 hillFO'" _,. 
a.,_ t1u1 orwc:k. II Ill~·.._ ·lppf(lpl., tar,.. 

CONTROL OF HARMFUL SUBSTANCES 
.BY VENTILATION-------

c .......... ~cl. h.--...-n--
cln tD ~ ................ WCIQfl •81111 tD bl ••olld. nt tD ~""" tD ..... polnl d dllpwl? 

CM._. iNltl. dldl and plerunl dllf;illd. ........ 
Ind typpCll'lld " ............ • llln d"" pllt d"' 
~7 

0 M dMl'Mlut porta ar doofl prcMdld • ........ NII m llCllld 
tl ... lnlltulDIMnncl .... u.? 

0 Whlrl twa ar men clllrwlwe clapmllD• n lmlQ oon­
nled lwOUf\ ..... ..,.,. ....._ .... ........, 
ti Ullwill ~ o:a•cAtd....,. a th. ept'lkln ar 
...... IMl:llon tmard In .. UlfP 

0 ....... ~ • prVYldld. - tit....,. 
........ cpaldr'IJ'P 

c .. "' IUCll pake lar.,.,.. • ID.-d '° .... .,, ..,. 
... •. "'*"la ... d ............ wart 

C Whntwoarmcn•....,~n11M191wt--. 
..... opeilllbt Mil .. ant ....... "' bdarw d 
"'al*" 

IANf11ZJNQ EQUIPMENT AND 

CLOTHING---------------------
._clwtW:itblln;cttwen? • , CllpamllfpotldN_.,.fli..._..Nt••+c ... n 

CllllCf\wn.tuortuctulld,.._» .. 11pU11••4*PZ ...-tD .... or-.fl•we_...."_.,...,_. 
eqillpped will ............ "....., ..., ... ...,..,, 

C wi-.., ••AW n ••llPOl'ld ~N:llr. n pro;;••... 0 kt., ... ,... potW tarn ••d•9•,..,.. ..... 
W:ttd IO P'l'*'ll Nit-. tom lw ~ ............ t ••If...._ • ._ .... ~..., 



...... flll ocUd be t$ltM w ~)..e. CIMt* llt(JI« 

dlCOl••••"1 Nb'I ~ CMt'*'6ld flt pllced In.,,.., 
O Ale ••4*..- ptcH*d from lmGkhg or Ma;,; i'I tnt .,.. 
..,..~fWlcWdtlt~l~edn ......,, 

c When .,..,,... n ~ m cNrigt from llrl9l doCNn; 
tm ~~II adMn c:Nnge ~ wfth~ 
.. flcRr tor .. end pr'Olldt1t daCtq provided? 

c kt tl1IClb}4lll f'lqJhd w "'°"'Ind""" ..... ~ 
• ,.,.... lftlt I ln:lwn CIOfllld NI OCCUTtd wilh I 
•cio.,wr? . 

C ""*' tqUpmn. ....., or OIW ..,,,. 1r1 llkin lrlD or 
llmMd hm. Cll'C:lno;ln ~ ...... done In.~ 
•'*wl ~ ~.,.. arlht e&wNI 
~ 

. . 

C Wher't .... ...,,., wdOt ~on drep Cllfter whelll. 
It I llft pr9Cdcl ~ po&tld and lfDced? 

D Whlr'I *" n tnOUnlld llfd/ol w.a.d on .._.. wt1t1 ._ 
ltM llrdk;t ........... "" prlCD proc:ecMI potted 
end•lfr:irC*I? 

c Doti.,*' Hldor\ hoM h1¥1 I dip.on~ wflh ll IMlt 
14 n:tm cl hole bllMll'l IM du::k ancs an rn.1n1 hint w1v1 .... , 

C Doel .. h~ciorVOlwM ~lt"*'IN • .................... ~ 
D II 1*'Nllflli•igdlW:eMha1 ca;e. r9Ck or of'9t "'9c­

....... Ulld whit~.,.. mounlld on IPl l'lml. or 
-~~ ... , 

C kt ....... llrtc:ll1 btliddtn from llJdn; I pcallicn drdy 
.- ar In tort cl a • whit l'• Mh; inftlltd1 



Job ~afety Analysis Form 

Step Hazards Involved With Personal Protective Suggested Changes to 
(Describe Action) This Process Step Equipment (PPE) and/or This Step 
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APPENDIXF. 

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 expos\Jrc to voes 
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 hazardous 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 PHASE 1 voe 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 voe 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 duriJlg Phase 1. The locations for the different types of facilities were as follows: 

Steam Autoclave: (1) above the autoclave door, (2) in the i:oom/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. 
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Table F-1. Measurement Parameters and Methods for Phase 1 Sam;elin; 

Analysis 
Sampling Analysis Method 

Pollutant Method Reference Method Reference PQL• 

Air Emi~~iQn~ 

voes Multisorbent Sheldon OC/MS-full Sheldon -lµg/mr 
cartridges (1993) Scan" (1993) 

Metals Impingers EPA-29 GFMICP NIOSH, 
(Draft) EPA 

Mercury Impingers CVAA NIOSH, 
EPA 

Formaldehyde, Silica gel EPA-TOll HPLC EPA-TOll Sppb 
other aldehydes DNPH 
ketone 

Hydrochloric Detector tube ASTM Colorimetric O.S ppmd 
acid D4490 

Chlorine Detector tube ASTM Colorimetric 0.2ppmd 
D4490 

Particulate Respirable Photometric 0-200 mg/m3 

matter Aerosol 
Monitor 

I.Jg:yid ~ffh!~D~ 

SVOCs Grab samples SW846 Ge/MS-Full Method 10 µg!L 
Scan 8270 

Surface 
Comaro. 

Blood Gauze wipes Heinsohn Hemastix Scmi-quant 

Microbial Swabs Various Various _Qualitative 

• Practical Quantitation Limit as dcfmed 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. 
c Based on historical RTI date; varies by analyte. 
• Manufacturer's specification. 
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F.4 MULTISORBENTCARTRIDGEMETIIOD 

During both Phase 1 and Phase 2 surveys, Voes were monitored using a multisorbent 
cartridge method. This method has been validated at RTI 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 Voes (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 voes of 
concern that can be analyzed by this method are given in Table F-2. 

voes were collected by passing air through multisorbcnt 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, voes on exposed cartridges were thermally desorbcd then analyzed by gas 
chromatography/mass spectrometry (GC/MS). During Phase l, identification of unknown 
sample constituents were performed using an electronic search of the NIH/EP AIMSDC 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 literature 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.S VOCTARGETLIST 

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 fmal list of 
target VOCs for each facility were submitted to the CDC/NIOSH Project Officer prior to the 
comprehensive survey. · 

F.6 ALDEHYDESIKETONES 

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 a 4 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 chromatograpl)y (HPLC). Aldehydclketones were identified by comparison 
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Table F ·2. Example VOCs That Are Amenable to AnaJvsis by the Multisorbent Method 

1,2-Dichloropropane <;-Benzenes Bromoform 
. l,l,2,2-Tetrachloroethane C4-Benzene Isopropanol 
Dibromochloromethane Methylene Propanol 

Chloride 
Bromodichloromethane 

cis-1,3-Dichloropropene 

1, 1 ).-Trichloroethane 

1, 1-Dichloroethane 

1,2-Dichloroethcnc (Total) 

trans-1,3-Dichloropropene 
1,2-Dichloroethane 
1, 1, I-Trichloroethane 

Carbon Tetrachloride 

· Bromethane 

Chlroethane 

Chloromcthane 

Chloroform 

Tricbloroethcnc 
Chlorobcnzene 
Ethyl Benzene 
Dichlorobenzenes 

l, 1-Dichloroethcne 
Tetracbloroethcne 

Butanol 

Pentanol 

Bem.ene 

Toluene 

Acrolcin 
Acrylonitrile 
Styrene 
Vinyl Chloride 

Xylcncs 

Table F -3. Example Aldehydelketones to Be Analrzed During Phase 1 Screening 

Formaldehyde Acetaldehyde Acetone Acrolein 

n-Propanal 

Benzaldehyde 

Crotonaldehyde 

n- Pentanal 

Jl-Butanone 

Jl-Tolualdehyde 

F-4 

D-Butanal 

D-Hcxanal 



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/µL 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 aldehydeslketones 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 voes. 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 04490, 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. 

F.8 SEMIVOLA TILE 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 SVOCs 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 tteated, 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 
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Table F-4. Example SVOCs Amenable to Analysis by EPA 8270 

Naphthalene Jl-Propylbenz.ene 1.2,4-Trimcthylbemenc ~ Toluidine 

R-Nitrotolucne 2-Mcthylpbenol 1,3,S-Trimctbylbemene 2-Nitroaniline 

Pcntacbloropbcnol 

2,4-Dinitrotoluene 

Benz(a)anthracene 

Benzo(g,h,i)perylene 

3.3'-Dichlorobenzidine 

1,3-Dicblorobenzcne 

1,4-Dichlorobenzcne 

2,6-Dinitrotolucnc 

Benzo(a)pyrene 

2,4,6-Trichlorpbcnol Anthracene 

2-Chloronaphthalene Fluorantbcne 

4-Bromophcnylphcnylethcr Phenol· 

Indeno(l ,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 reponcd 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+2

), nickel (Ni), 
phosphorus {P), selenium (Se), silver (Ag), thallium (Tl) and zinc (Zn). Following the peroxide 
impingers were two impingers containing acidified potassium permanganate for the collection of 
elemental mercury {Hg 0

). 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 Umin [LPM] sampling rates) instead of the 
Greenburg/Smith impingers (approximately 30 Umin) 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 
(GF AA) for As, Sb, and Se, cold vapor atomic absorption (CV AA) 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. ·· 
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APPENDIXG. 

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 ueat:ment 
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 ueat:ment 
units where six 2450 MHZ units operate. 
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APPENDIXH. 

ENGINEERING CONTRO~ ASSF5SMENT PROTOCOL 

H.1 VENTJLA TION AND HV AC CONTROL DEVICF5 

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 (HV AC) 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 HV AC is operating as designed as per the 
systems schematics. The HV AC output were also checked against the ASHRAE standard for 
indoor ventilation requirements. Since the ASHR.AE 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 HV AC 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 whµe 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. 

8.2 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. 
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APPENDIXL 

RESPIRABLE AEROSOL SCREENING PROTOCOLS 

Phase 1 included aerosol 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 µm 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 rcspirable 
concentrations. This device measures up to 200 mg/m3 but can be used with a full scale reading 
of 2 mg/m3

; 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 µm, 0.5 to 1 µm, 1to5 µm, S to 10 µm, and 10-15 
µm. The following equation was used to convert the number of particles counted to a mass 
concentration: 

N, V, p, 
Mass Concentration = --­

Qt 

where: Np =Number of particles counted in the size range, 
VP = Volume of particle based on average diameter for size range, 
PP = assumed average density for the particles, 
Q = tlowrate 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 aerosols. 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 conwnination to 
which other workers arc exposed. This situation would have lead to additional, area sampling in 
Phase 2 and identified additional engineering controls needs. 
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APPENDIXJ. 
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 minimiud 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 
swfaces 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-contaminated surfaces. These 
accounts indicated a definite need to characterize work.er 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 surf aces 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 buff er 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 10·1 through 10·7 of defibrinated sheep blood (Crane Laboratories, 
Inc., Syracuse, NY) were done with FTA Hemagglutination Buffer (FTAB) (Beckton Dickinson 
BBLl 1248, 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 121Cat15 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 FT AB was selected because it seemed to indicate a better result at the detection 
limit endpoints of the serial dilutions. The dilution detection limit was 1 O"' for the non­
autoclaved and 10-4 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 S x 1 O' 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 S x 10' RBC per ml of human blood 
(Campbell, 1987). In the 10°' dilution, the detection limit concentration is approximately 5 x 103 

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 ofFTAB. 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 103 

RBC/ml) by the volume ofFI'AB (25 ml). This yields 1.25 x 1()5 RBC needed to be eluted from 
the sterile gauze. Assuming 5 x 109 RBC/ml of human bloo_d, the minimum volume of blood 
needed to produce a positive result from a wiped surface is approximately 2.5 x 10-5 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 
surf ace. Small volumes of defibrinated sheep blood (0.1 ml and 1 µl) were each placed into 25 
ml of sterile Fr AB 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 µl 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 µl 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 µl of defibrinated sheep blood and autoclaved for 15 
minutes at 121 C, and 15 psig. An additional eight microscope slides were inoculated with 1 µ1 
fresh defibrinated sheep blood and allowed to dry at laboratory 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 Fl'AB, shaken for 30 seconds, and tested with Hemastix• at time intervals of 0 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 

Dilution1 

Diluent Before Steam Autoclave 
FrAB 
0. 85 % Saline 

Piluent Post Steam Aµtoclaye3 

Ff AB 
0.85% Saline 

10·1 10-2 10·3 10 .. 10·' 

Hemastixe Result2 

+++ +++ +++ +++ ++ 
+++ +++ +++ +++ ++ 

+++ +++ +++ ++ 
+++ +++ +++ + 

1- Serial dilutions of defibrinatcd sheep blood were made 0.5 ml to 4.5 ml. 

10-6 

ht 
nht 

10·1 

2- Hemastixe 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, 121C,15 psig. 
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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 arc 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 dihydropcroxide and 
3,3',5,5'- tettamethylbenzidine. 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. 

Corox (The Clorox Company, Oakland, CA), a commercially available 5.25% (52,500 
ppm) hypochlorite solution, was serially diluted from 10-1 through 10"5 and tested with 
Hemastix•. Results showed a +++ (strong), false positive at the approximately 525 ppm 
concentration within seconds of exposure. At the next dilutiqn 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 arc shown in Table 
1-3. The potential for hypo~hlorite interference is addressed separately for each treatment 
technology. 

J.4 THE FINALIZED FIELD MEmOD 

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 surf aces 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 wipe the area 
with the moistened gauze. · 

4. Place the gauze into the remainder of the 25 ml FTAB. 
5. Shake vigorously for 30 seconds. 
6. Test eluate with Hemastix• and record result after one minute. 
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3 

2 

Table J-2. Fresh and Steam Autoclaved Sheep Blood Dried onto Surfaces 

Time Interval, (hours) 0 1 2 3 4 5 21.5 22.5 

Hcmasli21;• B.csyl11 

Non steam autoclaved dried blood2 ++ ++ ++ ++ ht ++ + ++ 

Steam autoclaved dried blood3 - - - + 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) 
1 µ1 defibrinated sheep blood placed onto a microscope slide and allowed to dry 15 
minutes before test began. 
I µ1 defibrinated sheep blood placed onto a microscope slide and steam autoclaved for 15 
minutes at 121C,15 psig, and allowed to cool before test began. 

Table J-3. The Reaction ofHypochlorite with Hemastix• 

Hypochlorite Concentration1 (ppm) 52,500 5,250 525 52 5 0.5 

Hemastix• Result2 +++ +++ + - -
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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APPENDIXK 
SURF ACE MICROBIAL CONTAMINATION PROTOCOL 

K.l INTRODUCTION 

The risk to medical waste treatment workers of dennal 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, waiter'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. S. 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 9x103 for S. aureus 
and 7 x 103 for E.coli. A sterile swab (Calgiswab•, Type 2, Spectrum• Laboratories, Inc., 
Dallas, TX) moistened with Fr A 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 inocullµll was wet. After one hour there was a large decrease in the amount detected as the 
inoculum began to dry. At two hours the inoculum was completely dry and there seemed to be a 
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Table K-1. Staphylococcus aurew1 (SA) and Escherichia coli 2 (EC) Recovery 
from Microscope Slides with Moistened Swabs 

Time <Hours) SA Recovery ECRecoyery Comment 

0 
1 
2 
3 
4 
s 
6 
22.5 
23.5 
24.5 
28.5 
29.5 

2 

3 

TNTC3 TNTC Inoculum ver}r wet 
TNTC TNTC Inoculum slightly wet 
97 7 Inoculum dry residue 
79 s Inoculum dry residue 
23 6 Inoculum dry residue 
20 1 lnoculum dry residue 
9 3 lnoculum dry residue 
0 0 lnoculum dry residue 
3 0 lnoculum dry residue 
6 1 lnoculum dry residue 
4 1 Inoculum dry residue 
3 1 lnoculum dry residue 

S. aureus, with approximately 9 x 103 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 103 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. 
Too numerous to count 
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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. coU 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 nlimber 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 FI' AB 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. 
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APPENDIXL. 

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 S personal 
samples on S workers over each of 2 days, adjusted as needed for each site. 

Volatile organic compounds (VOCs) were monitored in Phase ll using the same 
multisorbent canridge method (Tenax TA, charcoal, and ambersorb) that was em.ployed in Phase 
I. The samples were collected at nominally 16 cc/min for 7-8 hours on S 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 day$. 

. Ethanol was measured using a direct reading passive Drager 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 
of2 days. 

Ammonia was sampled using a direct reading Drager tube (part no. 67 33 231) with a 
detection range of 0.5 - 30 ppm. Samples were collected over nominally one minute using a band 
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 Drager 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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APPENDIXM 
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 S-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 cahorated 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 .workef locatio~. 

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. 
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APPENDIXN. 

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 coDection, 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 bavi.Pg 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 bandJing 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 MEmOD DEVELOPMENT 

RTI originally proposed to characterize the potential for worker exposure to airborne 
blood by using personal sampling with 0.2 µm 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,lnd.) 
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 coDected indicated low 
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panicle counts such that personal sampling at the proposed personal sampling rate of 2 Umin 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 1 site 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 
bolder 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 arc 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 shields. 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 si)lashes on the face. The Hemastix• test method is outlined in 
Appendix J. 

N.3 TIIE FINALIZED FIELD METIIOD 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 sudaces 

This Hemastix• surface splash test is pedormed 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. AD 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 shleld 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 2S ml of sterile buffer and tested with ffemastix•. 

c) Test extra shields similarly as blanks by leaving them in a clean area. 

2. Blood splash on cclotbin& 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 least 1 blood aerosol 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]. 

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. 
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Figure N-1 Locations of Blood Splash Detection Patches on Workers 
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2) Check the flow rate with a rotometcr at the start and finish of the sample time. 

3) At t1ie end of the shift, the filter is eluted in buffer and tested with Hemastix•. 
Blanks consist of unused filters. 

N-5 



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 dilfer 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. 1be 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 tilters (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 monitoring 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 (MIG) 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, CockeysviDe, MD) incubated at SS°C for B. 
nearothermophilus and onto duplicate plates ofTSA 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 tilter and plaCed on TSA for incubation at 55°C for B. nearothermophilus 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 MIG samplers will be run similarly. 

0.3 JDENTIFICA TION 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. stearothemwphilus. 
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 bC 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 bioaeros0 ~ 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. At sample 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 Wate Spiking 

Spores of Bacillus stearothermophilus were purchased (ATCC 10149, Difeo Lot 82388, 
Detroit, MI) and were asepticaDy loaded onto 0.2 micron ceDulose 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 eluted from six filters six days prior to testing was 5.0 x 107 

spores per filter. 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 asepticaDy 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 dishe'S 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 ]()6 spores per filter. 

For the autoclave spiked run, ten petri dishes with filters of B. stearothemwphilus 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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