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OBJECTIVES:  

 
Safety risks embedded within solid waste management (SWM) systems continue to be a significant issue 

and are prevalent at every step in the SMW process. To recognize and address these occupational hazards, 

it is necessary to discover potential safety concerns which cause them as well as their direct and/or 

indirect impacts on the different types of solid waste workers. In this research, our goal is to statistically 

assess occupational safety risks to solid waste workers in the state of Florida. Here, we first review the 

literature on occupational and environmental exposures and related health outcomes in solid waste 

management systems. Reports are collected from several reliable sources at the national, state, and local 

levels from both public and private utilities (i.e., National Institute of Environmental Health Sciences, 

National Institute for Occupational Safety and Health, Occupational Safety and Health Administration, 

and Workers' Compensation data). In this work, the major industries generating solid wastes are 

introduced as recycling, incineration, landfill, and composting. Thus, the reported exposures, health 

impacts of these exposures, and potential risks for workers are identified for each of the abovementioned 

industries. Next, required data were obtained using the NAIC and SIC codes for the studied solid waste 

industries with permit requests that were placed to Florida Department of Financial Services, Division of 

Worker’s Compensation for the requested workers’ compensation data.  Then, multiple county-level and 

state-level quantitative assessments for major risks are conducted based on the data collected using a 

Bayesian data analysis and predictive methods. The risks estimated in this study for the period of 2005- 

2012 are then compared with historical statistics (1993-1997) from previous assessment studies. Lastly, 

Floridian Counties are grouped in four categories based on their injury rates and recommendations are 

provided found on risk injury map for all Floridian Counties. Safety recommendations are provided for 

each category separately based on obtained data and information. 

  



METHODOLOGIES: 

The proposed framework includes the following components: 

 

1. Identification of Major Injuries: Municipal solid waste (MSW) workers are highly exposed to health 

and environmental safety risks. This exposure may take place at nearly every step along the way: 

from the generation of waste to its disposal. Once generated, the waste is likely collected and taken to 

sanitary landfills, incinerators, resource recovery plants, or composting facilities. Thus, the MSW 

workers are considered as the population at greatest risk for highest and most concentrated exposures 

in the industry. Particularly, they are exposed to a number of hazards from the treated material, 

handling equipment (forklifts, loaders, trucks), the machinery used (mechanical sorters, compactors, 

conveyors), the manual sorting operations, as well as maintenance and repair tasks. These include 

contamination by biological or gaseous agents, physical injuries (i.e., respiratory diseases, 

musculoskeletal problems, etc.) due to dust, noise, thermal stress, inadequate lighting conditions, 

repetitive movements/awkward working positions, hazardous waste such as syringes, and fire events. 

In this section major injuries for each solid waste management method are provided based on reported 

exposures in the State of Florida and related articles.  

2. Data Collection: The reported exposures for solid waste management workers are collected through 

workers’ compensation data provided by the Florida Department of Financial. The collected data 

includes workers’ compensation claims for cases of more than seven calendar lost work days (LWD), 

reported under standard industrial codes (SICs) 4953, 5093, 4212, and 2875. Storing data in 

Microsoft Access software enables users to enter new data and have multiple flitering/sorting 

functions.   

3. Quantitative Assessment: Statistical inference (estimation) involves drawing conclusions about 

quantities that are not observed from detectable numerical data. Obtaining injury rate probabilities 

demand a large population of SW workers which is not feasible. Therefore, inferences about the true 

and reliable probabilities must be based on samples of the full worker population. The objective of 

statistical analyses in this study is to assess injury rates for Floridian refuse collectors, recycling, 

landfill, and composting workers. In accordance with the SWM literature review, the predictive 

Bayesian method is applied to analyze the injury rates data. 

4. Recommendations: This study reveals that municipal solid waste workers’ occupations involve 

substantial occupational risk in terms of injury, mortality, and perhaps disease. Regarding the current 

system for MSW management, there is a need for improvement in the safety procedures conducted in 

all SWM methods including refuse collection, incineration, recycling, landfilling, and composting. 

Therefore, last step of methodology comprises county-level and state-level recommendations. To this 

end, initially an injury risk map of the State of Florida is provided based on two reliable sources 

namely Florida Financial Department of Financial Services as well as the United States Census 

Bureau’s website. Lastly, Floridian counties are categorized in four groups and safety 

recommendations are provided for each category.        

  



RESEARCH TEAM 

Nurcin Celik (P.I.) is an assistant professor at the Department of Industrial 

Engineering at the University of Miami. She received her M.S. and Ph.D. degrees in 

Systems and Industrial Engineering from the University of Arizona. Her research 

interests lie in the areas of integrated modeling and decision making for large-scale, 

complex and dynamic systems. Her dissertation work is on architectural design and 

application of dynamic data-driven adaptive simulations for distributed systems. She 

has received several awards, including AFOSR Young Investigator Research Award 

(2013), University of Miami Provost Award (2011), IAMOT Outstanding Research 

Project Award (2011), IERC Best Ph.D. Scientific Poster Award (2009), and Diversity in Science and 

Engineering Award from Women in Science and Engineering Program (2007).  She can be reached at 

celik@miami.edu. 

 

 

Mehrad Bastani is a Ph.D. student in the Department of Industrial Engineering at the 

University of Miami. His research interests include the applied operation research, 

Simulation and statistics. He earned his bachelor's degree from the Department of 

Industrial Engineering at the Sharif University of Technology, Iran in September of 

2011. He also earned his master's degree in Industrial Engineering at the University of 

Tehran, Iran in July of 2013.. He can be reached at m.bastani@umiami.edu. 

 

 

 

Gregory Collins is an undergraduate student in the Department of Industrial 

Engineering at the University of Miami and is from Fleming Island, Florida. He is 

interested in a number of subjects including: Optimization, Decision Making under 

Uncertainty, and Data Cultivation. He is the president of the Rotaract Club at the 

University of Miami and a member of the Kappa Sigma.. He can be reached at 

gcollins7007@gmail.com. 

 

 

 

 

 

  

mailto:m.bastani@umiami.edu
mailto:gcollins7007@gmail.com


DISSEMINATION ACTIVITIES 
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the Conference Proceedings.  

2. Solid Waste Association of North America (SWANA) Summer Conference ; July 27-29, 2014, 
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Safety Risks in Florida Solid Waste System” 
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nd

 phase of project work to the Technical Awareness Group 

(TAG) committee on Wednsday, April 23, 2014. 

5. The team presented 1st phase of project work to the Technical Awareness Group 

(TAG) committee on Tuesday, October 28, 2014.  
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The project team hosted three TAG meetings, on December 11, 2013, April 23, 2014, and October 28, 
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Research and Program 
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Hinkley Center 

Ram Narasimhan Professor 

 

University of Miami, Department of Mechanical and Aerospace 
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Kendra F.Goff Administrator Public Health Toxicology Administrator, Bureau of Epidemiology, 

Division of Disease Control & Health Protection 
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Environmental Health and Safety at the University of Miami 

Lora Fleming Professor European Centre for Environment and Human Health University of 

Exeter Medical School 
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Martinez 
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Operations 

South FL,Waste Management Inc. 
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WEBSITE: The team worked on and posted an enhanced website describing the project, accessible at 

http://www.coe.miami.edu/simlab/swm.html  
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1. INTRODUCTION 

The municipal solid waste (MSW) generated in the United States has steadily increased over the last 50 

years due to several reasons including the change in population size, urbanization, industry, and the 

technological impacts (see Figures 1 and 2 with courtesy to U.S. EPA, 2010). In 2010 alone, Americans 

generated about 250 million tons of trash. Over 85 million tons of this material, equivalent to a 34.1 

percent, was recycled. On average, 1.51 pounds out of U.S. individual waste generation of 4.43 pounds 

per person per day were recycled (U.S. EPA, 2009). The increasingly complicated arena of waste 

management presents significant potential for improving human health while lowering safety risks. MSW 

workers are highly exposed to health and environmental safety risks due to exposure to heavy workloads, 

bio-aerosols, volatile compounds, as well as a potential exposure to hazardous gases/ materials. While 

workers in waste management operations are the primary affected population at risk for exposure to waste 

hazards, environmental contamination can also cause sickness, impaired health/well-being, or significant 

discomfort among the citizens of the community. 

  

Figure 1: Total MSW generation in U.S. over 50 years Figure 2: Percentage of total MSW collected in U.S. that 

recycled 

These risks, either to the workers directly involved or to the nearby residents, occur at every step in the 

process, from the point where residents handle waste in their individual homes for collection or recycling, 

to the point of ultimate disposal. While some specific hazards to workers and to the nearby environment 

are recognized and being addressed (mostly unresolved issues that focus on long-term, chronic exposures), 

their particular impact on the overall health of these parties is largely unknown. Moreover, serious, 

immediate, and widespread threats to the workers by municipal solid waste (MSW) are not altogether 

evident. As a result, decisions about these risks are made in the face of uncertainties beyond common 

experience. The situation is further complicated by the highly diverse and often changing nature of MSW 

and other materials with which it might be composted and the recent technologies that has become part of 

the integrated solid waste management (SWM) system, particularly in processing and disposing of waste. 

To this end, MSW management lacks the evaluative data necessary to offer a core foundation on which to 

base scientific assessments. Despite the fact that there is little useful information available to solid waste 

managers for reducing such risks, those responsible for risk management must act to safeguard the 

workers of waste operations, public health, and the environment. Reasonable regulations must be set and 

standards for accountability should be determined.   
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Figure 3: Reported exposures in Florida between 1994-

2011 
Figure 4: Florida MSW collected between 2005-2011 

In this work, we study the occupational risks to Florida MSW workers as well as theose in the 

surrounding enviroment in detail and provide the different stakeholders with recommendations using a 

statistical analysis approach. This work is based upon the previous works conducted by PIs Englehardt 

and Fleming with the earlier support received from the Hinkley Center. As a product of those efforts, in 

An et al. (1999), the injury and disease distributions amongst MSW workers in Florida were analyzed 

from 1994 to 1997. However, there has been a need for an up-to-date study that is based on recent data 

since there have been many significant changes in the solid waste industry in terms of its policies and 

operations during the past two decades. For instance, the number of reported exposures in the State of 

Florida has decreased drastically around years 2004 and 2005 while the total municipal solid waste 

collected has decreased steadily (see Figures 3 and 4). Moreover, this significant drop in the reported 

exposures failed to continue during the years between 2008 and 2010. The rate of decrease in the reported 

exposures may be related to the actions and initiatives taken in the solid waste industry including the 

following: 

 

- Earlier studies by Englehardt et al. (2000) have shown that a noticeable part of the work-related 

injuries that occurred between 1994-1997 were related to the Driver/Helper and Picker job types. 

Several counties including Miami-Dade, Duval, and Polk have completely or partially switched to a 

system using automated trash collection starting the year of 2004, which in turn, may have resulted in 

a considerable decrease in the driver and picker related accidents and injuries.  

- New SWM regulations have been approved in the State of Florida over recent years. One of them is 

Pharmaceutical Waste Regulations which is related to pharmaceuticals that are identified by the 

Resource Conservation and Recovery Act (RCRA) as environmental hazards for people, animals, and 

the environment. This regulation itself as well as its counterparts might have decreased the exposures 

in solid waste facilities during the discussed years.  

- In various counties, solid waste facilities have switched from Dual Stream Recycling (DSR) to Single 

Stream Recycling (SSR). With SSR, newly designed facilities have become operational in several 

counties, and this might have been the reason for the deduction that was observed in the number of 

injuries.  

- Over the recent years, in order to reach higher recycling rates, the industry has initiated several 

investments, and has performed changes in its collection, processing and disposal operations of 

MSW. This may have, in turn, resulted in the decrease in the number of injuries recorded. 

 

In the first phase of this study, the work has focused on the collection of data exploiting the state of 

existing knowledge. Review of literature on occupational/environmental exposures and related health 

outcomes in SWM systems is conducted. The major industries managing solid wastes are introduced as 
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recycling, incineration, landfill, and composting with brief description of each. Potential health hazards 

for each of these methods are also determined based on this review. Following that, data that is necessary 

for statistical analysis is collected through various agencies. Reports are collected from several reliable 

sources at the national, state, and local levels from both public and private utilities. Total populations of 

workers and populations of worker by occupational type are achieved by reviewing Bureau of Labor 

Statistics and Florida Research and Economic Information Database Application websites.  

 

In the second phase of this study, initially, to sum up the occupational/environmental exposures in SWM, 

the summary of potential health effects for MSW workers is illustrated in a comprehensive table (Table 8). 

Consequently, after identification of associated NAICs (SICs) for all SWM occupations, reported 

exposure, which is composed using worker compensations (WC) and documented injuries and diseases 

data in the State of Florida, were collected for statistical analysis. To investigate potential health hazards 

in Florida more specifically, data for four populous counties, namely: Miami-Dade, Broward, Palm Beach 

and Duval, were collected. Therefore, statistical analyses for these four counties were conducted and in 

the next phase of this study they will be compared with the Florida data. In this study, the statistical 

analyses are primarily composed of a Bayesian data analysis and a predictive Bayesian assessment. Since 

the injury rates’ probability distributions act the major role in this study, Bayesian inference is applied to 

draw distributions, from observable and numerical data, as well as quantities that are not observed (injury 

rates). In order to prevent primary exposures, a health and safety survey is also prepared, and finalized to 

be distributed among waste workers and safety officers.                 

 

2. REVIEW OF LITERATURE ON OCCUPATIONAL AND ENVIRONMENTAL 

EXPOSURES  

Waste management includes the generation, collection, processing, transport, and disposal of waste. In 

this study, major operations of waste management are identified as refuse collection, incineration, 

composting, recycling, and landfilling where brief descriptions of each are provided as follows: 

 

Refuse Collection is a part of the process of waste management which entails the transfer of solid waste 

from the waste sources (housholds, facilities, plants, etc. ) to disposal or recycling facilities. Refuse 

collection also includes the curbside collection of recyclable materials that technically are not waste. 

 

Incineration is a process of combustion designed to recover energy and reduce the volume of waste going 

to disposal. Waste incineration technology has been used for destroying contaminated hospital waste, 

reducing municipal waste volume, substantially cutting the amount of hazardous wastes (chemical and 

biological), while producing energy (Bakaglu et al., 2004). 

 

Composting is a natural biological process, carried out under controlled aerobic conditions (requires 

oxygen). In this process, various microorganisms, including bacteria and fungi, break down organic 

matter into simpler substances. The effectiveness of the composting process is dependent upon the 

environmental conditions present within the composting system i.e. oxygen, temperature, moisture, 

material disturbance, organic matter and the size and activity of microbial populations. 

 

Recycling is the recovery of materials from products after they have been used by consumers. Recycling 

has environmental benefits at every stage in the life cycle of a consumer product – from the raw material 

with which it is made of to its final method of disposal. Aside from reducing GHG emissions, which 

contribute to global warming, recycling also reduces the air and water pollution associated with making 

new products from raw materials. 

 

Landfilling is the deposition of waste in a specially designated area, which in modern sites consists of a 

pre-constructed ‘cell’ lined with an impermeable layer (man-made or natural) and with controls to 

minimize emissions (Rushton, 2003). Landfill methods have been among the most extended forms of 



disposal of MSW due to their operative easiness and low economic costs in most cases. 

 
2.1 Potential Health Risks for Waste Management Workers 

MSW workers are highly exposed to health and environmental safety risks. This exposure may take place 

at nearly every step along the way: from the generation of waste to its disposal. Once generated, the waste 

is likely collected and taken to sanitary landfills, incinerators, resource recovery plants, or composting 

facilities (Pahren, 1987). Thus, the MSW workers are considered as the population at greatest risk for 

highest and most concentrated exposures in the industry (Englehardt et al., 1999; Dorevitch and Marder, 

2001).  Particularly, they are exposed to a number of hazards from the treated material, handling 

equipment (forklifts, loaders, trucks), the machinery used (mechanical sorters, compactors, conveyors), 

the manual sorting operations, as well as maintenance and repair tasks. These include contamination by 

biological or gaseous agents, physical injuries (i.e., respiratory diseases, musculoskeletal problems, etc.) 

due to dust, noise, thermal stress, inadequate lighting conditions, repetitive movements/awkward working 

positions, hazardous waste such as syringes, and fire events (Poulsen, 1995; Lavoie and Guertin, 2001; 

Lavoie et al., 2006). While it is important that various stakeholders in the SWM systems (such as local 

municipalities, labor agencies, designers and managers of treatment centers and recovery facilities, etc.) 

be informed about the presence of these risks in order to take effective measures to reduce or control them, 

not many epidemiologic or medical research studies have been conducted to scientifically address these 

areas of extreme concern. This is mostly due to the lack of available data which could further help in 

enlightening us to the impact of occupational exposure to solid waste on the health and safety of workers. 

A review of the limited literature on the spectrum of exposure, and the possible health hazards related to 

solid waste industry workers have been presented in An et al. (1999).  In their work, statistical analysis is 

carried out to obtain the injury distributions of MSW workers and provide quantitative information for 

preventing accidents from occuring. In their study, exposure to the hazards suffered by solid workers does 

not present a significant effect on said workers. However, this may be due to the fact that the data utilized 

in their study is for a very short time span and hence, may not represent the long term impacts of these 

exposures.  

Table 2: Selected works on occupational/environmental health risks of solid waste workers 

MSW 

Lifecycle 

Occupational/Environmental Health Risks 

Musculoskeletal 

Problems 

Gastrointestinal  

Issues 

Respiratory  

Diseases 

Dermal  

Diseases 

Infectious 

Diseases 

C
o
ll

ec
ti

o
n
  Englehardt et al. 

(2003) 

 Abou-ElWafa et 

al. (2012) 

 Ettala et al. (1989) 

 Ivens et al. (1997) 

 Wouters et al. (2000) 

 Lavoie and Dunkerley 

(2002) 

 Ettala et al. (1989) 

 Poulsen et al. (1995a) 

 Ettala et al. 

(1989) 

 Turnberg et al. 

(1990) 

 Dounias et al. 

(2005) 

 Lavoie et al. 

(2006) 

S
o

rt
in

g
  Poulsen et al. 

(1995b) 

 Poulsen et al. (1995b) 

 Domingo et al. (2009) 

 Malmros et al. (1992) 

 Athanasiou et al. 

(2010) 

 Malmros et 

al. (1992) 

 Domingo et 

al.(2009) 

 Malmros et al. 

(1992) 

 Dounias et al. 

(2005) 

T
re

at
m

en
t 

 Lundholm et al. 

(1980) 

 Lavoie (2001) 

 Thorn and Kerekes 

(2001) 

 Perez et al.  

(2006) 

 Bresnitz et al. (1992) 

 Sigsgaard et al. (1994) 

 Vilavert et al. (2012) 

 Yamamoto et al. 

(2001) 

 Takata  

(2003) 

 Perez et al. 

(2006) 

 Tooher et al. 

(2005) 

 Domingo et al. 

(2009) 

 Bunger et al. 

(2007) 

 Lavoie (2001) 



D
is

p
o

sa
l  Abdou (2007)  Marchand et al. (1995) 

 Dorevitch and Marder  

(2001) 

 Ray et al. (2005) 

 Abdou (2007) 

 Ray et al. 

(2005) 

 Abdou 

(2007) 

 Turnberg et al. 

(1990) 

 

Recently, in response to the rapid growth of the annual waste generation rate (per capita), great efforts 

have been thrown into recycling as part of the SWM plan, thereby increasing the opportunities of 

exposure to occupational/environmental risks for workers in the recycling facilities (i.e., material 

recovery facilities, waste-to-energy plants). Recycling facilities are more desirable than the rest of MSW 

management methods for several reasons such as prevention of greenhouse gases emissions and water 

pollutants, saving energy, development of greener technologies, and reduce the need for new landfills and 

incinerators. In 1993, the Environmental Criteria and Assessment Office (ECAO) from Environmental 

Protection Agency (EPA) provided the first general overview of potential hazards associated with the 

recycling practice. In their report, the safety issues associated with MSW recycling are qualitatively 

identified. Particularly, in their work, they address the commonly used recycling practices and processes, 

and specify the hazard types and points of exposure throughout these processes. While this report 

identifies activities that might present hazards to health or the environment, it does not assess actual risks 

to either of them. Few data were collected and presented to characterize chemical or biologic hazards 

while subtle effects, long-term health effects, and ergonomic injuries are left as part of the future works in 

that study. In a similar vein, Lavoie et al. (2005) prepared a checklist for the designers and managers of 

the recyclable material sorting centers to help orient them towards a solution of evaluating and preventing 

the occupational health and safety problems occurred throughout the sorting processes in the material 

recovery facilities (MRFs). It is expected that the health and safety hazards can be avoided by 

implementing the safe procedures given in the proposed checklists. From these works, it can be noted that 

the solid waste workers in the sorting and recycling facilities are also exposed to extremely high 

occupational/environmental hazards.   

To this end, the objective of this research is to assess the prevalence of occupational/environmental health 

and safety issues in the solid waste industry in the State of Florida and to identify the possible risk factors 

contributing to their occurrence. Solid waste workers, who work for the waste collection and those who 

work in the sorting and recycling, composting, landfill and incineration facilities, are the major research 

subjects in this study. In this part of the paper, after a short synopsis of the different waste management 

methods, potential hazards and their related health effects are categorized and explained. 

2.1.1 Potential Hazards for Refuse Collectors 

Chemical, biological, physical, and ergonomic health hazards associated with the collection of solid waste 

comprise a significant part of the hazards that are faced within the solid waste industry. Microbiological 

exposures associated with the collection of rotting material, chemicals from the waste, as well as truck 

exhausts, noise and ultraviolet radiation are also included in refuse collection category (Wouters et al. 

2000; Lavoie and Dunkerley, 2002). As the generation amounts of waste have been steadily increasing 

over the past two decades (see Figure 1), the potential for bio-aerosol exposures among waste collection 

workers may be even more significant than what the past data has shown. The summary of health risks 

that refuse collectors are exposed to and their consequent health impacts are depicted in Table 3. This 

table also comprises the basis for our statistical analysis. 

 

 

 

 

 

 

 



Table 3: Potential hazards and their health effects for refuse collectors 

Potential Hazards Reported Health Effects 

Lifting heavy materials 
Muscular-skeletal disorders (low back pain, elbow/wrist 

pain, disorders of neck, etc.), sprain/strain, contusion. 

Injuries caused by sharp objects Lacerations, punctures, abrasions 

Aspergillus fungi 
Effect on respiratory tract, mucous membrane irritation, 

rhinitis, diarrhea, allergy 

Bacteria 
Allergy, asthma, bronchitis, conjunctivitis, dermatitis, 

diarrhea 

Airborne endotoxins 
Airway irritation, headache, joint and muscle pain, 

nausea, fatigue, impaired lung function  

Noise (Working near highways, in vicinity of loud 

machinery and vehicles such as workshops and 

collection trucks) 

Damaging or destroying cells which generate nerve 

impulses, auditory impairment 

Heavy traffic problems 
Rupture, sprain/strain, contusion, fracture, hernia, 

inflammation, bruising, death 

Sun (UV- /IR radiation) Dermal problems  

Dust, diesel exhaust 
Eye irritation, asthma, dust toxic syndrome (ODTS), 

impaired lung function disorders 

Carbon monoxide Potential cardiovascular, neurologic, asphyxiation 

 
2.1.2 Potential Hazards for Incinerator Workers 

Considering the large amounts of waste generated within the U.S., in general, and the State of Florida, in 

particular, the safe treatment and disposal of municipal solid waste is of major concern. While 

incineration is not the most commonly used method, it is an appropriate method when waste cannot be 

reused or recycled (Chung et al. 2010). The reported hazards and exposures for this category are derived 

from the data that was received from the Florida Department of Financial Services, Division of Worker’s 

Compensation as a result of the permit requests that the PI has placed since February 2013. These hazards 

are summarized in Table 4. Here, 2, 3, 7, 8-tetrachlorodibenzodiooxin (TCDD) is known to cause adverse 

health effects, such as lethal toxicity, reproductive effects, immunotoxicity, and endocrine disruptions 

(Vilavert et al. 2012). The reported exposures with undocumented health effects are not presented in this 

table. 

 

Table 4: Potential hazards and their health effects for incinerator workers 
Reported Hazards Reported Health Effects 

Dust Respiratory irritation, gastric cancer, lung cancer 

Exploding chemicals Burns, chronic respiratory disorders, , death 

Bacteria Cough, gastric cancer 

Fecal coliforms Respiratory distress 

Fungal spores Respiratory distress 

PAH Dioxins (PCDDs and PCDFs) Lung cancer, increased atherosclerotic plaques, ischemic heart disease 

2,3,7,8-tetrachloridbenzodiox (TCDD) Lethal toxicity, reproductive effects, immunotoxicity and endocrine 

disruptions 

Loud machinery Long term hearing disorders 

Nitrous oxide Potential respiratory 

Carbon dioxide Potential respiratory 

Heavy metals Asphyxiation 

 
2.1.3 Potential Hazards for Composting Workers  

The potential health risk exposures and their related effects for composting workers are shown in Table 5. 

Similar to Table 4, only documented and proven exposures are considered in this case. It should be noted 

here that there are high concentrations of thermo-tolerant/thermophilic actinoycetes and filamentous fungi 

in the bio-aerosols at the composting sites (Bunger et al. 2007). Furthermore, VOCs caused many health 



effects and is reported in several articles.  Hence, these two cases will be given particular attention during 

our statistical analysis.   

 

Table 5: Potential hazards and their health effects for compost workers 
Reported exposure Reported health effects 

Thermo-tolerant/thermophilic 

actinomycetes 

Mucosal membrane irritation (MMI) of the eyes and upper airways, 

conjunctivitis, chronic bronchitis, allergic alveolitis 

Filamentous fungi Chronic respiratory health effects, bronchitis, MMI, accelerated decline in 

FVC% 

Organic dust (high concentration)  Congested nose, sore throat, frequent dry cough, redness, and lacrimation in 

eyes 

Gram-negative bacteria Upper airway irritation, headache, fatigue, nausea, diarrhea 

Bioaerosols Irritation, allergy, toxic reactions 

VOCs (Volatile organic compounds) Eye, nose and throat irritation, headache, nausea, liver damage, cancer (long-

term to high levels of VOCs) 

2.1.4 Potential Hazards for Recycling Workers 

Reported exposures and their reported health effects for the recycling workers are provided in this sub-

section as well as Table 6. The majority of the hazards considered for the recycling process concerns 

themselves with waste sorters including the risks of microbiological, chemical, physical, and ergonomic 

natures as well as risks to worker safety. Hazard risks including musculoskeletal, gastrointestinal, 

mucocutaneous, and respiratory problems (Malmros, 1990; Marchand, 1995; Lavoie, 2001) also exist for 

these recycling workers. 

 
Table 6: Potential exposures and their health effects for recycling workers 

Reported Hazards Reported Health Effects 

Physical problems (sharp objects, 

dismantling, etc.) 

Sprain/strain, laceration, contusion, musculoskeletal, puncture 

Microbiological risks (organic toxic dust, 

endotoxins, fungal spores) 

Asthma, ODTS, sore throat, eye irritation, allergic alveolitis, 

respiratory irritations 

Homeless recyclers Bicycle accidents, pedestrian accidents, physical disputes 

Bacteria Potential infections 

Unknown exposures Spinal injury, sprains, itchy, inflammation 

 
2.1.5 Potential Hazards for Landfill Workers 

The potential health risk exposures and their related effects for landfill workers originated from the data 

that was received from the Florida Department of Financial Services, Division of Worker’s Compensation 

as a result of the permit requests that the PI has placed since February 2013. The only hazard, which is not 

reported in the state of Florida, is Bisphenol A; however, studies in Japan show that it is cancer-causing 

(Yamamoto et al., 2001). A summary of the reported hazards and their health effects is depicted in Table 

7.   

Table 7: Potential exposures and their health effects for landfill workers 
Reported Hazards Reported Health Effects 

Bisphenol A Cause cancer (it is reported in Japan)  

Operation of equipment Spinal injuries, degeneration of vertebrate, lower back pain, musculoskeletal 

disorders Methane Fires, burn, explosion 

Dust, Bacteria Cough, chronic bronchitis 

Bioaerosols Allergies, toxic reactions, gastrointestinal symptoms. 

High noise levels Auditory impairment 

Carbon Monoxide & Dioxide Potential cardiovascular, neurologic, asphyxiation 

Volatile organic compounds (VOCs) Eye, nose and throat irritation, nausea, dizziness, liver damage, cancer (Long-

term to high levels of VOCs)  



The summary of the known and/or possible health effects by job category according to the available 

literature is depicted in below.  

Table 8: Potential health effects for different industries 

Potential Health Effects 
Refuse 

collectors 

Incinerator 

workers 

Landfill 

workers 

Compost 

worker 

Recycling 

workers 

Amputation      

Angina pectoris      

Burn      

Concussion      

Contusion      

Crushing      

Dislocation      

Foreign body      

Fracture      

Heat prostration      

Hernia      

Inflammation      

Laceration      

Myocardial Infraction (Heart attack)      

Poisoning general      

Puncture      

Rupture      

Severance      

Sprain      

Strain      

Syncope (Swooning, fainting, passing 

out) 
     

Vascular loss      

All other specific injuries      

Black lung      

Respiratory disorders      

Poisoning – chemical      

Dermatitis      

All other occupational disease       

Loss of Hearing      

Cancer      

Carpal tunnel syndrome      

All other cumulative injuries      

 

3. DATA COLLECTION 

In this study, our aim is to assess the health and safety risks of solid waste workers in the State of Florida 

for various interested parties, such as government agencies, industrial investors, researchers, unions, solid 

waste workers, and nearby communities. Therefore, collection of reliable data from various sources 

comprises a major task in this work. Once collected and processed, we will be using this data in our 

statistical analysis in the further phases of our work. 

 Workers’ Compensation Data provided by the Florida Department of Financial Services (Code 69L), 

Division of Workers’ Compensation. For the years before 2000, the same dataset was provided by the 

Florida Department of Labor and Employment Security (38F), Division of Workers’ Compensation. 

This division has been transferred to Florida Department of Financial Services after the work by 

Englehardt et al., was completed. PI Celik has placed 3 Public Record Request to the Division of 

Workers’ Compensation since the start of this project. The requested data includes Workers’ 



Compensation claims for cases of more than seven calendar lost work days (LWD), reported under 

standard industrial codes (SICs) 4953, 5093, 4212 and 2875, and North American Industry 

Classification codes (NAICs) 562-111, 112, 119, 211, 212, 213, 219, 920, 991, and 998 for the period 

1993 through 2013, a total of 20 years. Data fields included injury nature, injured body location, 

accident type, disability type, worker’s occupation, accident date, age, gender, and monetary values 

awarded. These data are required by the employers to report to the government for purposes of legal 

and medical compensation.  Detailed descriptions of these SIC codes are as the following: 

SIC 4953 [Refuse Systems]: This category includes establishments that are primarily engaged in the 

collection and disposal of solid waste. Firms in this industry operate incinerators, solid waste 

treatment plants, hazardous waste facilities, landfills, as well as other disposal sites and services 

including: 

· Acid waste, collection and disposal of, 

· Ashes, collection and disposal of, 

· Dumps, operation of, 

· Garbage: collecting, destroying, and 

processing, 

· Hazardous waste material disposal sites, 

· Incinerator operation, 

· Landfill, sanitary: operation of, 

· Radioactive waste material, disposal of, 

· Refuse systems, 

· Rubbish collection and disposal, 

· Sludge disposal sites, 

· Street refuse systems, and 

· Waste material disposal at sea. 

 

SIC 5093 [Scrap and Waste Materials]: This industry category includes establishments primarily 

engaged in assembling, breaking up, sorting, and distributing scrap/waste materials along with auto 

wreckers engaged in dismantling automobiles for scrap, including:  

· Automotive wrecking for scrap-wholesale bag, 

· Bottles, boxes, waste-wholesale, 

· Fur cuttings and scraps-wholesale, 

· Iron and steel scrap-wholesale 

· Junk and scrap, general line-wholesale, 

· Metal waste and scrap-wholesale, 

· Nonferrous metals scrap-wholesale, 

· Oil, waste-wholesale, 

· Plastic scrap-wholesale, 

· Rags-wholesale, 

· Rubber scrap-wholesale, 

· Scavengering-wholesale, 

· Scrap and waste materials-wholesale, 

· Textile waste-wholesale, 

· Wastepaper, including paper recycling-  

  wholesale, and 

· Wiping rags, including washing and    

  reconditioning-wholesale. 

 

SIC4212 [Local Trucking, Without Storage]:This category covers establishments primarily engaged 

in furnishing trucking or transfer services without storage for freight generally weighing more than 

100 pounds, in a single municipality, contiguous municipalities, or a municipality as well as its 

connected suburban areas.  

 

SIC2875 [Fertilizers, Mixing Only]: This category covers establishments primarily engaged in 

mixing fertilizers from already-processed fertilizer materials. In this industry, "fertilizer materials" 

refers specifically to fertilizers that have no more than one of the three primary plant nutrients 

(nitrogen, phosphorus, and potassium). This category also includes manufacturers of compost and 

potting soil, which condition the soil to promote plant growth but contain relatively small amounts of 

plant nutrients.  

 

NAICS Codes: Subsector 562, Waste Management and Remediation Services. These establishments 

also collect, treat, and dispose of waste materials; however, they do not use sewer systems or sewage 

treatment facilities. 

 

 



Table 9: NAICS Codes for Solid Waste Management  
NAICS Code Description 

325314 Fertilizer (Mixing Only) Manufacturing (Composting) 

423930 Recyclable Material Merchant Wholesalers 

484110 General Freight Trucking 

562111  Solid Waste Collection 

562112  Hazardous Waste Collection 

562119  Other Waste Collection 

562211  Hazardous Waste Treatment and Disposal 

562212  Solid Waste Landfill 

562213  Solid Waste Combustors and Incinerators 

562219  Other Nonhazardous Waste Treatment and Disposal 
562920  Materials Recovery Facilities 
562991  Septic Tank and Related Services 

562998 All Other Miscellaneous Waste Management Services 

SIC or NAICS: Both Standard Industrial Classification (SIC) and North American Industrial 

Classification System (NAICS) codes identify a firm’s primary business activity. NAICS codes provide a 

greater level of detail about a firm’s activity than SIC codes. NAICS includes 1,170 industries and SIC 

includes 1,004 industries. There are 358 new industries recognized in NAICS, 250 of which are services 

producing industries. For this reason, data collection in this project is primarily based on NAICS codes. 

The matching between the NAICS and SIC codes considered in this work are provided in Table 10. 

NAICS codes, which are shown in Tables 10, relate to all types of categories in solid waste industries. 

However, some of these categories may have an infinitesimal share in terms of the risks considered in this 

work. Accordingly, we focus our project on analyzing the NAICS codes which capture the major 

constituents of solid waste in the State of Florida (see highlighted NAICS codes in Table 10). In Figure 5, 

the major solid waste industries share of 2012 is shown, which include landfill, and recycling. The 

NAICS 562211 (SIC 4953) includes employees of firms engaged primarily in the operation of refuse 

systems. However, these firm may also include a small number of hazardous waste workers and recycling 

workers. Numbers shown for NAICS 484110 (SIC 4212), Local Trucking without Storage, are only those 

workers reported as refuse collectors. The NAICS 423930 (SIC 5093), Scrap and Waste Materials, is 

considered to represent the recycling industry. According to Occupational Health and Safety 

Administration (OSHA) guidelines, workers employed by firms engaged primarily in producing compost 

would be reported with other fertilizer industry workers under NAICS 325314 (SIC 2875). The NAICS 

562212 (SIC 4953), Solid Waste Landfill, is considered to represent the Landfill industry. 

Table 10: NAICS Codes for Solid Waste Management  

SIC Code Equivalent NAICS Code 

4212 

562111 

562112 

562119 

484110 

4953 

562211 

562212 

562213 

562219 

562920 

2875 325314 

5093 423930 

7359 562991 

4959 562998 
 

 
Figure 5: Components of Florida Municipal 

Solid Waste Management (2012) 

 Populations of Workers by Occupational Type. Total MSW work force population data is collected in 

order to be able to complete the statistical analysis and derive the estimates of the considered risks in 

http://www.naics.com/free-code-search/naicsdescription.php?code=562111
http://www.naics.com/free-code-search/naicsdescription.php?code=562112
http://www.naics.com/free-code-search/naicsdescription.php?code=562119
http://www.naics.com/free-code-search/naicsdescription.php?code=562211
http://www.naics.com/free-code-search/naicsdescription.php?code=562212
http://www.naics.com/free-code-search/naicsdescription.php?code=562213
http://www.naics.com/free-code-search/naicsdescription.php?code=562219
http://www.naics.com/free-code-search/naicsdescription.php?code=562920
http://www.naics.com/free-code-search/naicsdescription.php?code=562991
http://www.naics.com/free-code-search/naicsdescription.php?code=562998


terms of probabilities. Population information is obtained by searching publicly available datasets in 

the Census Bureau’s and U.S. Bureau of Labor Statistics’ websites. The workforce population sizes 

obtained in this work are provided in table 11 by considered NAICS codes. 

 
Table 11: Estimated MSW Work Force Populations 

NAICS (SIC) (Industries 

Represented) 
2005 2006 2007 2008 2009 2010 2011 2012 

484110 (4212) (refuse collectors, 

excluding other trucking) 5981 6882 6907 6656 6630 6312 6413 6541 

325314 (2875) (compost 

manufacturing) F 885 850 941 848 826 802 858 

423930 (5093) (recycling industry 

workers)  2466 2928 3237 3675 3372 2921 3669 4118 

562211 (4953) (primarily collection) 
852 1075 1052 1156 1082 745 878 853 

562212 (4953) (landfill industry 

worker) 600 592 494 575 501 485 506 536 

Total MSW and recycling workers 

(estimated) 9899 12362 12540 13003 12433 11289 12268 12906 

 Reported Exposures. Reported number of exposures is collected over the years of 2005 to 2012 via 

the permits placed by the PI Celik as mentioned earlier. In Table 12, the split form of this data for 

each SWM is presented. For the ease of processing, data are stored as a database in Access software. 

Presented tables also indicate the reported exposures per worker in order to capture the exposure trend 

over the years 2005 to 2012.  

Table 12: Reported exposures of all methods of solid waste management in Florida 
Facilities  2005 2006 2007 2008 2009 2010 2011 2012 

R
ef

u
se

 

C
o

ll
ec

to
r 

Reported 

Exposure 
109 117 124 153 166 166 120 148 

Total 

Population 
6833 7957 7959 7812 7712 7057 7290 7394 

Percentage 1.60% 1.47% 1.56% 1.96% 2.15% 2.35% 1.65% 2.00% 

R
ec

y
cl

e 

W
o

rk
er

s 

Reported 

Exposure 
46 48 59 71 58 68 78 92 

Total 

Population 
2466 2928 3237 3675 3372 2921 3669 4118 

Percentage 1.87% 1.64% 1.82% 1.93% 1.72% 2.33% 2.13% 2.23% 

C
o

m
p

o
st

 

W
o

rk
er

 

Reported 

Exposure 
10 11 5 2 3 3 3 4 

Total 

Population 
F 885 850 941 848 826 802 859 

Percentage - 1.24% 0.59% 0.21% 0.35% 0.36% 0.37% 0.47% 

L
an

d
fi

ll
 

W
o

rk
er

s 

Reported 

Exposure 
41 5 12 14 8 30 42 24 

Total 

Population 
600 592 494 575 501 485 506 536 

Percentage 6.83% 0.84% 2.43% 2.42% 1.60% 6.19% 8.30% 4.48% 

 



4. MAJOR HEALTH RISKS FOR SOLID WASTE COLLECTORS AND RECYCLING 

WORKERS  

In this phase of study, considering the data in selected counties, major health risks for SW collectors, 

landfill and recycling workers were recognized. Since the vast majority of SW workers’ injuries in the 

State of Florida occur within the population of waste collectors, landfill workers, and recyclers, this study 

primarily focuses on those three processes. Previously reported health exposures is the principle method 

to determine the major hazards among the population of waste collectors, landfill workers, and recyclers 

based on related Standard Industrial Codes (SICs). Associated SICs for them are 4212, 4953 and 5093. 

Figure 3 illustrates the distribution of injuries.  

 

Figure 3 shows that based on data obtained between 2004-2011; the major hazards are the same as 

discussed by Poulson et al. (1995) and An et al. (1999). Yet, musculoskeletal and dermal injuries 

constituted the major hazards for solid waste collectors, landfill, and recycling workers. Since the waste 

collector occupation involves a great deal of heavy lifting and pushing/pulling of garbage bins/containers, 

it seems reasonable that musculoskeletal injuries constitute the major segment of injuries. 

Correspondingly, there are several ergonomic problems associated with recycling workers. Poulson et al. 

[7] presented that the waste sorting (in recycling) frequently resulted in spinal injury. Per the Workers’ 

Compensation (WC) claims, dermal injuries are the second most predominant injury type among SW 

workers after musculoskeletal injuries (in the state of Florida). This high rate of dermal injuries is found 

to be because of several potential hazards in waste collection and recycling procedure. One of these 

hazards can lead to major injuries caused by sharp objects such as broken glass, thorns, broken tree limbs, 

disposable razors, and disposable needles. These are all extremely common objects to find when going 

through trash and can be dangerous. The analysis of injury types reveals that the portion of other injuries 

during these eight years is negligible when compared to the number of musculoskeletal and dermal 

injuries.       

 
Figure 6: Injury type distribution in selected counties 

Table 13 and 14 illustrate the reported musculoskeletal and dermal injuries for selected counties. The total 

population data is composed of Florida MSW workers, excluding administrative and secretarial staff. It 

should be noted that an injury category in this study is composed of worker compensation data which has 

been received by the workers through their insurance. Workers were categorized in the data by SICs. 

Hence, all the results are reported in the term of SIC codes, rather than by implied business activity of the 

worker. The injury rates per 1000 workers in Table 13 and 14 were based on the best estimates of the 

workers for SIC codes. Both public and private workers were considered in the data without 

distinguishing injury and mortality or disease rate between their employers.        
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Table 13: Reported Musculoskeletal Injuries in the Considered Florida Counties (2004-2011) 
Facilities  2004 2005 2006 2007 2008 2009 2010 2011 

D
u

v
al

 Reported Injuries 27 17 15 17 26 14 17 7 

Total Population 1255 1172 1266 1482 1404 1285 1307 1135 

Rate per 1000 22 15 12 11 19 11 13 6 

M
ia

m
i-

D
ad

e 

Reported Injuries 186 37 20 23 29 35 22 28 

Total Population 1731 1616 2067 1939 1683 1772 1849 1536 

Rate per 1000 107 23 10 12 17 20 12 18 

P
al

m
 B

ea
ch

 

Reported Injuries 24 24 8 9 7 4 9 9 

Total Population 706 931 1015 1089 1056 1005 1126 1084 

Rate per 1000 34 26 8 8 7 4 8 8 

B
ro

w
ar

d
 Reported Injuries 30 16 17 12 7 11 10 11 

Total Population 2590 2325 2497 2400 2237 2199 1898 2020 

Rete per 1000 12 7 7 5 3 5 5 5 

 

Table 14: Reported Dermal Injuries in the Considered Florida Counties (2004-2011) 
Facilities  2004 2005 2006 2007 2008 2009 2010 2011 

D
u

v
al

 Reported Injuries 7 4 1 7 9 1 3 1 

Total Population 1255 1172 1266 1482 1404 1285 1307 1135 

Rate per 1000 5.6 3.4 0.8 4.7 6.4 0.8 2.3 0.9 

M
ia

m
i-

D
ad

e 

Reported Injuries 85 13 7 8 10 8 6 14 

Total Population 1731 1616 2067 1939 1683 1772 1849 1536 

Rate per 1000 49.1 8 3.4 4.1 5.9 4.5 3.2 9.1 

P
al

m
 B

ea
ch

 

Reported Injuries 10 13 4 4 1 1 4 1 

Total Population 706 931 1015 1089 1056 1005 1126 1084 

Rate per 1000 14 14 4 4 1 1 3.5 1 

B
ro

w
ar

d
 Reported Injuries 21 6 1 5 5 2 1 4 

Total Population 2590 2325 2497 2400 2237 2199 1898 2020 

Rate per 1000 8.1 2.6 0.4 2.1 2.2 0.9 0.5 2 

 

5. STATISTICAL ANALYSIS 

Statistical inference (estimation) is concerned with drawing conclusions, from observable and numerical 

data, from quantities that can not be observed. For instance, in SWM, a new waste collection facility 

might be designed to compare the five-year injury rates among SW workers using the new facility in their 

occupation. The injury rate probabilities refer to a large population of SW workers, and it is neither 

feasible nor permitted for all plants to collect all of the data. Therefore, inferences about the true and 

reliable probabilities must be based on samples of workers. In statistical inference, two kinds of estimands 

(unobserved quantities for which statistical inferences) are made: first, potentially observable quantities 

such as future observations of a process or the outcome under the new facility design which has not been 

received in the preliminary example; and second, quantities that are not directly observable, that is, 

parameters that govern the hypothetical process leading to the observed data (for example regression 

coefficient). The distinction between these two kinds of estimands is not always precise, but is generally 

useful as a way of understanding how a statistical model for a particular problem fits into the real world 

cases.   



 

The objective of statistical analyses in this study is to assess injury rates among Florida MSW workers 

and, more specifically, to assess injury rates for refuse collectors, recycling workers, and landfill workers 

in selected counties. Considering SWM literature review, predictive Bayesian method is exploited for 

data analysis of injury’s rate. In a predictive Bayesian method, total injury rates from available 

information without computation are assessed (Englehardt et al., 2003). Since the Poisson distribution has 

been demonstrated theoretically as a distribution of the number of events over the period, the annual 

injury rates were assumed as Poisson distribution. In the next step, to propose a statistical inference, 

Bayesian data analysis for Poisson distribution is applied. The following sections will discuss the 

Bayesian data analysis.   

 
5.1 Bayesian Data Analyses 

Bayesian data analysis comprises three major steps:  

 Setting up prior, likelihood and posterior distribution for all observable and unobservable 

quantities in problem 

 Considering conditions of observed data for proper interpretion of the posterior distribution 

 Evaluating the fitness of the model and its implication.  

The notation which is exploited in this research is as follows:  

θ: n unobservable vector quantity or population parameter of interest 

y: observed data  

ỹ: an unknown, but potentially observable quantity 

In numerous problems, 𝜃 (distribution parameter) is not defined. To overcome this problem, distribution 

is considered for this parameter which is known as prior distribution. The prior distribution is noted 𝑝(𝜃). 

The next step is the sampling distribution (if considered as a function of θ, for fixed y, called the 

likelihood function) which is noted as 𝑝(𝑦|𝜃).  

5.1.1 Bayes’ Rule 

In order to make probability statement about 𝜃 given 𝑦, a model providing a joint probability distribution 

for 𝜃 and 𝑦 must be chosen. The joint probability mass or density function can be written as a product of 

two densities that are often referred to as the prior distribution 𝑝(𝜃) and the sampling distribution (or data 

distribution) 𝑝(𝑦|𝜃) respectively:    

 𝑝(𝜃, 𝑦) = 𝑝(𝜃)𝑝(𝑦|𝜃) (1) 

Simply conditioning on the known value of the data y, using the basic property of conditional probability 

known as Bayes’ rule, yields the posterior density: 

 𝑝(𝜃│𝑦) = (𝑝(𝜃, 𝑦))/(𝑝(𝑦)) = (𝑝(𝜃)𝑝(𝑦|𝜃))/(𝑝(𝑦)) (2) 

Where p(y) =  ∑ p(θ)p(y|θ),θ  and the sum is over all possible values of θ (or p(y) =  ∫ p(θ)p(y|θ)dθ 

in the case of continuous θ). An equivalent from 1.2 omits the factor p(y), which does not depend on θ 

and, with fixed y, can thus be considered a constant, yielding the un-normalized posterior density, which 

is on the right side of 1.3:  

 𝑝(𝜃│𝑦)   ∝  𝑝(𝜃)𝑝(𝑦│𝜃). (3) 

These simple expressions encapsulate the technical core of Bayesian inference: the primary task of any 

specific application is to develop the model 𝑝(𝜃, 𝑦)and perform the necessary computations to summarize 

𝑝(𝜃|𝑦) in appropriate ways.  



5.1.2 Prediction 

To make inferences about an unknown observable, often called “predictive inferences”, we follow a 

similar logic. Before the data y are considered, the distribution of the unknown but observable y is: 

 
𝑝(𝑦) =  ∫ 𝑝(𝑦, 𝜃)𝑑𝜃 =  ∫ 𝑝(𝜃)𝑝(𝑦|𝜃)𝑑𝜃 (4) 

This is often called the marginal distribution of y, but a more informative name is the prior predictive 

distribution: prior because it is not conditional on a previous observation of the process, and predictive 

because it is the distribution for a quantity that is observable. After the data y have been observed, we can 

predict an unknown observable, ỹ, from the same process. For example, y=(y1, y2, … , yn) may be the 

vector of recorded weights of an object weighted n times on a scale. The distribution of  ỹ is called the 

posterior predictive distribution: posterior because it is conditional on the observed y and predictive 

because it is a prediction for an observable ỹ. 

 
𝑝(�̃�|𝑦) =  ∫ 𝑝(�̃�, 𝜃|𝑦)𝑑𝜃 

                           =  ∫ 𝑝(�̃�|𝜃, 𝑦)𝑝(𝜃|𝑦)𝑑𝜃 

                       =  ∫ 𝑝(�̃�|𝜃)𝑝(𝜃|𝑦)𝑑𝜃 

(5) 

The posterior predictive distribution is mentioned in the second and third line of equation 5.  

5.1.3 Bayesian Data Analyses for Poisson Distribution 

The Poisson distribution arises naturally in the study of data taking the form of counts; for instance, a 

major area of application is epidemiology, where the incidence of disease is studied. If a data point y 

follows the Poisson distribution with rate θ, then the probability distribution of a single observation y is: 

 
𝑝(𝑦|𝜃) =  

𝜃𝑦𝑒−𝜃

𝑦!
 , 𝑓𝑜𝑟 𝑦 = 0,1,2, …, (6) 

And for a vector y = (y1, . . . , yn) of iid observation, the likelihood is as follows: 

 
𝑝(𝑦|𝜃) =  ∏

1

𝑦𝑖!
𝜃𝑦𝑖𝑒−𝜃

𝑛

𝑖=1

 

                                                  ∝         𝜃𝑡(𝑦)𝑒−𝑛𝜃 

(7) 

Where 𝑡(𝑦) =  ∑ 𝑦𝑖
𝑛
𝑖=1  is the sufficient statistic. We can rewrite the likelihood is exponential family form 

as: 

 𝑝(𝑦|𝜃)    ∝     𝑒−𝑛𝜃𝑒𝑡(𝑦)𝑙𝑜𝑔𝜃 (8) 

 

Revealing that the natural parameter is ϕ(θ) = log θ , and the natural conjugate prior distribution is: 

 𝑝(𝜃)       ∝     (𝑒−𝜃)𝜂𝑒𝑣𝑙𝑜𝑔𝜃 (9) 

 

Indexed by hyperparameters (η,v). To put this argument another way, the likelihood is of the form θae−bθ, 

and so the conjugate prior density must be of the form p(θ)   α    θAe−Bθ  . In a more conventional 

parameterization, 

 𝑝(𝜃)   ∝     𝑒−𝛽𝜃𝜃𝛼−1, (10) 

 



Which is gamma density with parameters α and β, Gamma(α, β). Comparing p(y|θ) and p(θ) reveals that 

the prior density is, in some sense, equivalent to a total count of α-1 in β prior observations. With this 

conjugate prior distribution, the posterior distribution is:  

 𝜃|𝑦 ~ 𝐺𝑎𝑚𝑚𝑎 (𝛼 + 𝑛�̅�, 𝛽 + 𝑛) (11) 

 

The negative binomial distribution with conjugate families, the known form of the prior and posterior 

densities can be used to find the marginal distribution, p(y), using the formula:  

 
𝑝(𝑦) =

𝑝(𝑦|𝜃)𝑝(𝜃)

𝑝(𝜃|𝑦)
, (12) 

For example, prior predictive distribution for the Poisson model for a single observation is:  

 
𝑝(𝑦) =  

𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑦|𝜃)𝐺𝑎𝑚𝑚𝑎 (𝜃|𝛼, 𝛽)

𝐺𝑎𝑚𝑚𝑎(𝜃|𝛼 + 𝑦. 1 + 𝛽)
=  

𝛤 (𝛼 + 𝑦)𝛽𝛼

𝛤 (𝛼) 𝑦! (1 + 𝛽)𝛼+𝛽
 (13) 

This equation is known as the negative binomial density:  

 𝑦 ~ 𝑁𝑒𝑔 − 𝑏𝑖𝑛 (𝛼, 𝛽) (14) 

 

5.1.4 Poisson Model Parameterized in Terms of Rate and Exposure  

In many applications, it is convenient to extend the Poisson model for data points y1, y2, … , yn to the form  

 𝑦𝑖~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑥𝑖𝜃), (15) 

Where the values xi  are known positive values of an explanatory variable, x, and θ is the unknown 

parameter of interest. In epidemiology, the parameter θ is often called the rate, and  xi  is called the 

exposure of the ith unit. This model is not exchangeable in the yi’s but is exchangeable in the pairs (x, y)i. 

The likelihood for θ is conjugate. With prior distribution:  

 𝜃 ~ 𝐺𝑎𝑚𝑚𝑎 (𝛼 , 𝛽),  

The resulting posterior distribution is:  

 
𝜃|𝑦 ~ 𝐺𝑎𝑚𝑚𝑎 (𝛼 + ∑ 𝑦𝑖

𝑛

𝑖=1

, 𝛽 + ∑ 𝑥𝑖

𝑛

𝑖=1

) (16) 

5.1.5 Bayesian Data Analyses for Binomial Distribution 

In Binomial distribution the unknown parameter is assumed as θ, consequently the likelihood is of the 

form is as follows: 

 𝑝(𝑦|𝜃)  ∝   𝜃𝑎(1 − 𝜃)𝑏 . (17) 

Consequently, if the prior distribution is of the same form, with its own values a and b, the posterior 

distribution will have the same form. For prior distribution following equation is assumed to be:  

 𝑝(𝜃)  ∝   𝜃𝛼−1(1 − 𝜃)𝛽−1, (18) 

This equation is beta distribution with parameters α and β:  

 𝜃 ∝   𝐵𝑒𝑡𝑎 (𝛼, 𝛽), (19) 



The parameter of Beta distribution can be attained by mean and variance of recent year data. The only 

problem that remains in this part is the posterior distribution, which can be easily solved. The posterior 

density for θ is: 

 𝑝(𝜃|𝑦)   ∝   𝜃𝑦(1 − 𝜃)𝑛−𝑦 𝜃𝛼−1(1 − 𝜃)𝛽−1 

=   𝜃𝑦+𝛼−1(1 − 𝜃)𝑛−𝑦+𝛽−1 

     = 𝐵𝑒𝑡𝑎(𝜃|𝛼 + 𝑦, 𝛽 + 𝑛 − 𝑦).  

(20) 

Since the posterior distribution follows the same distribution as prior distribution, there is conjugacy 

revealed between them. 

5.2 Predictive Bayesian Assessment   

As it is mentioned at the beginning of this Section, the number of injuries over a planning period is 

assumed to have a Poisson distribution. The expected injury number in this study is equal to Poisson 

parameter, θ, of the Poisson distribution. Considering Gamma prior distribution for expected injury, a 

marginal predictive distribution of an incident number that accounts for uncertainty in θ is (Englehardt et 

al., 2003):  

 
𝑃(𝑛|𝛼, 𝛣, 𝐼, 𝑛�̅�) =  

(𝛣 + 𝐼)(𝛼+𝐼𝑛𝑖̅̅ ̅) 𝛤(𝑛 + 𝛼 + 𝐼𝑛�̅�)

𝛤 (𝑛 + 1) 𝛤(𝛼 + 𝐼𝑛�̅�)(𝛽 + 𝐼 + 1)(𝑛+𝛼+𝐼𝑛𝑖̅̅ ̅)
 (21) 

In Equation (18), n is the integer number of incidents over a planning period, α and β are parameters of 

Gamma prior distribution (see Section 4.1.3), p(n|α, β, I ni̅)  is the unconditional discrete probability 

distribution of incident number, I is the number of data points, and ni̅ is the mean of the incidents data. 

Equation (18) is negative binomial distribution with parameters 𝑠 = 𝛼 + 𝐼𝑛𝑖 and 𝑝 = (𝛽 + 𝐼) / (𝛽 + 𝐼 +
1). Consequently, the mean and variance of Equation (18) are:  

 
𝐸[𝑛] =  𝛼 + 𝐼𝑛𝑖𝐸[𝑛] =  

𝛼 + 𝐼𝑛�̅�

𝛽 + 𝐼
, 

𝑉𝑎𝑟[𝑛]  =  
𝛼 + 𝐼𝑛�̅�

𝛽 + 𝐼
+  

𝛼 + 𝐼𝑛�̅�

(𝛽 + 𝐼)2
. 

(22) 

 

(23) 

 

Annual injury numbers are the sums of injuries over shorter periods. Hoel et al. (1971) mentioned that (1) 

the sum of all events over multiple time periods is distributed Poisson and (2) for a large number of time 

intervals, the same sum is distributed normal by the Central Limit Theorem. Thus, for large incident 

numbers, the (discrete) Poisson distribution converges to the (continuous) normal. The same result applies 

to the negative binomial distribution. Consequently, probability distributions for SWM methods are 

compared to normal distribution.   

 

6. PRELIMINARY RESULTS 

Section 3 showed the total number of musculoskeletal and dermal injuries from 2005 to 2011 submitted 

as Workers Compensation (WC) claims. This model uses the rate of injuries (musculoskeletal and 

dermal) per 1000 workers instead of the reported exposure number to conduct a Bayesian data analysis 

appropriately. Since the rate of injuries expresses a number occurring in a fixed interval, the Poisson 

distribution is appropriate to fit the data, where its parameter λ is the mean of the distribution. Therefore, 

to apply Bayesian data analysis for the Poisson distribution (Section 5.2), we use data collected from 

2004 to 2010 for the prior distribution and as the likelihood distribution, respectively. Moreover, to set up 

a prior distribution for a specific county and injury (e.g. Broward and musculoskeletal injury), a review of 

musculoskeletal injury rates from 2004 to 2010 shows that it has the mean of 6.3 injuries per year. Since 

we know that the gamma distribution must have the same mean (6 in this example), trial and error 

exploration of the gamma distribution has revealed that Gamma (6,1) provides a plausible prior 



distribution for Broward County. We can set up a likelihood distribution given that the likelihood 

distribution derives from the 2011 data (in this case five injuries per thousand per year). Finally, equation 

(11) provides a posterior distribution. Alternatively, the posterior distribution is the standardized 

multiplication of the prior and likelihood distributions. Figures 3-6 illustrate the results of the proposed 

method for musculoskeletal injuries. The proposed method is implemented using R software version 

3.0.2. 

 

(a) (b) (c) 

Figure 7 – (a) prior distribution (b) likelihood distribution and (c) posterior distribution for Duval County 

 (a)  (b)  (c) 

Figure 8 – (a) prior distribution (b) likelihood distribution and (c) posterior distribution for Miami-Dade 

County 

(a) (b) (c) 

Figure 9 – (a) prior distribution (b)likelihood distribution and (c) posterior distribution for Palm beach 

County 

(a) (b) (c) 

Figure 10 – (a) prior distribution (b)likelihood distribution and (c) posterior distribution for Broward 

County 

Inspection of Figures 7 to 10 indicates that the mean of the posterior distribution has decreased in 

comparison to the prior distribution for considered counties. The lower mean of the likelihood 

distribution, based on 2011 data, causes the decrease. For example, Duval County’s mean number of 

injuries has decreased from 14 to 10. Likewise, for Miami-Dade and Palm Beach counties instances of 

musculoskeletal injuries have decreased from means of 28 and 14 to 24 and 10, respectively. In contrast, 

there was no improvement in Broward County; the mean of the injury rate has remained at 5 for them. 



Although the figures show a decrease in the mean of posterior distributions, it only reflects improvements 

between 2005 and 2007. Considering Table 2, musculoskeletal reported injuries had limited variation 

during 2007-2011, which means that there was no great improvement since 2007. Similarly, Figures 8-11 

show the prior, likelihood and posterior distributions for dermal injuries by using R software version 

3.0.2.   

          

 
(a)  (b) 

 
(c) 

Figure 11 – (a) prior distribution (b) likelihood distribution and (c) posterior distribution of dermal 

injuries for Duval County 

 
(a) 

 
(b) 

 
(c) 

Figure 12 – (a) prior distribution (b) likelihood distribution and (c) posterior distribution of dermal 

injuries for Miami-Dade County 

 
(a)  (b) 

 
(c) 

Figure 13 – (a) prior distribution (b) likelihood distribution and (c) posterior distribution of dermal 

injuries for Palm-Beach County 

 
(a) 

 
(b)  (c) 

Figure 14 – (a) prior distribution (b) likelihood distribution and (c) posterior distribution of dermal 

injuries for Broward County 

Figures 11 and 14 show that the mean of the dermal injuries distribution has decreased in Duval and 

Broward counties. Conversely, Figures 9 and 10 show negligible improvement for the mean dermal injury 

distribution in Miami-Dade and Palm Beach Counties. Although dermal injuries represent a lower 

percentage of injuries in Florida than musculoskeletal injuries, they still comprise a 20-30% share of 

injuries. Consequently, the negligible improvement in Miami-Dade and Palm Beach might be the reason 

for higher injury rates in Florida than in the nation as a whole.    
 



Considering Section 5.2, to obtain the predictive Bayesian distribution for major hazards in each county, 

required parameters are illustrated in Table 15. Estimated 𝜆  was developed by exploiting prior data, 

which were related to 2004-2010. Subsequently, sample data contains the latest data which belongs to the 

year 2011. The remaining parameters encompassing 𝐼 , 𝑛�̅� , 𝛼 , 𝛽 , 𝛼/𝛽 ,  

𝜇∗, 𝜎2∗ , Size and Probability were obtained by using the equations in Sections 5.1 and 5.2. Since major 

hazards were categorized as musculoskeletal and dermal injuries, the predictive distributions data and 

plots are plotted separately.   

      
Table 15: Reported Musculoskeletal Injuries in the Considered Florida Counties (2004-2011) 

Parameter Duval 

(musculoskeletal) 
Miami-Dade Palm Beach Broward 

Poisson  

Estimated 𝜆 15 29 14 7 

Sample Data 6 18 8 5 

𝐼 8 8 8 8 

𝑛�̅� 13.125 27.375 12.875 6.125 

𝛼 1 1 1 1 

𝛽 0.06 0.034 0.071 0.14 

𝛼/𝛽 ≈ 15 ≈ 29 ≈ 14 ≈ 7 

Normal  

𝐼 8 8 8 8 

𝑛�̅� 13.625 27.375 12.875 6.125 

𝛼 1 1 1 1 

𝛽 0.06 0.034 0.071 014 

𝛼/𝛽 ≈ 15 ≈ 29 ≈ 14 ≈ 7 

𝜇∗ 13.647 27.34 12.885 6.0196 

𝜎2∗ 15.34 30.75 14.45 6.7591 

Negative Binomial  

Size 110 220 104 49 

Probability 0.89 0.89 0.89 0.891 

 

Table 16: Reported Musculoskeletal Injuries in the Considered Florida Counties (2004-2011) 
Parameter Duval (Dermal) Miami-Dade Palm Beach Broward 

Poisson  

Estimated 𝜆 3 11 5 3 

Sample Data 1 14 1 4 

𝐼 8 8 8 8 

𝑛�̅� 3.1125 10.9125 4.75 2.35 

𝛼 1 1 1 1 

𝛽 0.33 0.09 0.2 0.33 

𝛼/𝛽 ≈ 3 ≈ 11 5 ≈ 3 

Normal  

𝐼 8 8 8 8 

𝑛�̅� 3.1125 10.9125 4.75 2.35 

𝛼 1 1 1 1 



𝛽 0.33 0.09 0.2 0.33 

𝛼/𝛽 ≈ 3 ≈ 11 5 ≈ 3 

𝜇∗ 3.12  10.877 4.76 2.40 

𝜎2∗ 3.49 12.22  5.34 2.69  

Negative Binomial  

Size 26 88 39 20 

Probability 0.893 0.89 0.891 0.893 

Results of musculoskeletal and dermal injuries are shown in Figure 14 through 15. As it was mentioned in 

Section 4, dermal injuries has the smaller share when compared to musculoskeletal injuries; therefore, 

musculoskeletal injuries should have higher priority and exigency than dermal injuries. Figure 14 shows 

the predictive and normal distributions for musculoskeletal injuries in selected counties which are 

estimations for the following years. Figure 15 depicts the priorities over selected counties for preventive 

actions to decrease musculoskeletal injuries. It can be noticed that Miami-Dade County has the highest 

rate of musculoskeletal injuries; in contrast, Broward County has the lowest rate. It seems that preventive 

initiatives must be acted upon in Miami-Dade County with a higher priority than other three counties. 

Predictive musculoskeletal injuries in Duval and Palm Beach Counties are pretty close to the mean which 

is around 13-14. This shows their injury rates are twice less hazardous than Miami-Dade County.        

Figure 15: Predictive and Approximate Normal Distribution for Musculoskeletal Injuries in Selected 

Counties  

As it can be seen in Figure 15, Miami-Dade has higher mean (𝜇 = 27.34) for predictive distribution of 

musculoskeletal injuries among refuse collectors than Broward county (𝜇 = 6.02) with high confidence 

level. Since investigation of reported exposure in Miami-Dade and Broward county has revealed that 33% 

and 29% of injuries respectively are referred to driver/helper, rates of traffic violation per registered MV 

are compared in Table 17. 

 

 

 

 

 

 

 



Table 17: Comparison of Traffic Violation Rate   
County  2006 2007 2008 2009 2010 Average 

Miami-

Dade 

Traffic 

Violation 
865,256 972,873 1,207,472 1,233,276 911,508 1,038,079 

Registered MV 1,997,214 1,975,762 1,896,977 1,841,351 1,846,179 1,911,497 

Violation per 

Registered MV 
0.43 0.49 0.63 0.67 0.49 0.54 

Broward 

Traffic 

Violation 
530,052 564,458 527,735 494,453 475,365 518,413 

Registered MV 1,407,080 1,436,305 1,338,767 1,200,422 1,233,407 1,323,196 

Violation per 

Registered MV 
0.38 0.39 0.39 0.41 0.39 0.39 

   

Table 16 indicates that Miami-Dade has 0.15 violations per registered MV more than Broward which it 

might cause higher number of injuries for driver/helpers. This reason can be the reason for smaller mean 

value for musculoskeletal injuries among refuse collectors in Broward than Miami-Dade.      

Results of predictive and approximate normal distributions for dermal injuries are illustrated in Figure 15. 

Similar to musculoskeletal injuies, Miami-Dade County has the highest injury rates in dermal injuries. 

Duval and Palm Beach Counties have the second and third ranking. Yet, Broward County with the 

average of 2.40 injury rate per year per thousand workers have the smallest injury rate. Considering both 

musculoskeletal and dermal predictive injury distributions over selected counties resulted in exigency of 

preventive initiatives in Miami-Dade County; however, injury rates in Palm Beach and Duval Counties 

are still high.         

Figure 16: Predictive and Approximate Normal Distribution for Dermal Injuries in Selected Counties 

7. Identification of Major Injuries In The State of Florida 

In this section of the study, based on the reported exposures and total population of workers in the State 

of Florida, major injuries for Florida were discovered. Since there are various injuries in the State of 

Florida, major injuries in each SWM method is identified in more details. Insurance organizations have 



specific injury description codes to store and analyze worker compensations (WC) data efficiently. Thus, 

these codes were used in this study to discover the nature of major injuries resulting from several 

exposures in each type of SWM method. The list of WC Nature of Injury codes is depicted in Table 18. 

Table 18: Nature of Injury Code and Its Description 
Injury 

code 
Injury description 

 Injury 

code 
Injury description 

200 Amputation 4500 Rupture 

300 Angina pectoris 4700 Severance 

400 Burn 4900 Sprain 

700 Concussion 5200 Strain 

1000 Contusion 5300 
Syncope(swooning, 

fainting, passing out) 

1300 Crushing 5500 Vascular loss 

1600 Dislocation 5900 All other specific injuries 

2500 Foreign body 6200 Black lung 

2800 Fractures 6500 
Respiratory disorders 

(gase, fumes, chem) 

3200 Heat prostration 6600 Poisoning – General 

3400 Hernia 6800 Dermatitis 

3600 Infection 7100 
All other occupational 

disease 

3700 Inflammation 7200 Loss of hearing 

4000 Laceration 7400 Cancer 

4100 Myocardial infraction 7800 Carpal tunnel syndrome 

4200 Poisoning general 8000 
All other cumulative 

injuries 

4300 Puncture 9000 Multiple physical injuries 

In response to finding the nature of major injuries for SWM methods, Figure 17 illustrates the percentage 

of reported injuries for each method. These data are based on the injuries codes defined in Table 16. A 

percentage scale was used to illustrate injuries and diseases for all types of SWM methods adequately in 

one chart. Considering Figure 17, major injuries for refuse collectors are composed of sprains/strains, 

fractions and contusions. Similarly, the major injuries for a composting worker are strains and fractures. 

Since the recycling procedure typically contains sorting and dismantling solid waste, lacerations are 

probable for workers and are confirmed by Figure 17 to be one of the major injuries. In addition, strains 

and fractures are the other major injuries for recycling workers. At last, Figure 17 indicates that sprains, 

strains and fractures are major injuries for landfill workers.   



 
Figure 17: Percentage of Reported Injuries and Diseases in Florida Municipal Solid Waste Management 

Consolidation of the injuries and diseases data in the state of Florida resulted in Table 19, which lists the 

major injuries in SWM methods. Statistical analyses are conducted on the basis of these major injuries, 

whereas preventing them can lead to noticeable reduction in exposures for solid waste workers.    

Table 19: Major injuries by job type 
Job type Major reported injuries 

Refuse Collector  Strain, Sprain and Fracture 

Incinerator Worker Burn 

Landfill Worker Fracture, Sprain, Strain and Contusion 

Compost Worker Sprain/Strain 

Recycling Worker Laceration, Puncture and Rupture 

 

8. STATE OF FLORIDA RESULTS  

Following the identification of major injuries for SWM methods in Section 7, a statistical analysis will be 

conducted in this section. Bayesian data analysis and predictive Bayesian analysis discussed in Section 5 

will be conducted. Requisite data for these statistical analyses were collected in Table 20. These data were 

collected for major injuries associated with each SWM method. Letter F indicates that there is no 

available data for that category.  
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Table 20: Major type of hazards in each part 
Facility Factors 2005 2006 2007 2008 2009 2010 2011 2012 

R
ef

u
se

 C
o

ll
ec

to
r Strain/Sprain (Reported Per 

Year) (𝑦𝑗) 
58 50 57 64 74 61 73 74 

Total Number of Refuse 

Collectors (𝑛𝑗) 
6833 7957 7959 7812 7712 7057 7290 7394 

Rate of Injuries Per Thousand 

(
𝑦𝑗

𝑛𝑗
*1000) 8 6 7 8 10 9 10 10 

R
ec

y
cl

in
g

 

W
o

rk
er

s 

Laceration, Puncture and 

Rupture (reported per year) (𝑦𝑗) 
46 48 59 71 58 68 78 92 

Total Number of Recycle 

Workers (𝑛𝑗) 
2466 2928 3237 3675 3372 2921 3669 4118 

Rate of Major Hazards Per 

Thousand (𝑦𝑗/𝑛𝑗*1000) 
19 16 18 19 17 23 21 22 

L
an

d
fi

ll
 W

o
rk

er
s Sprain, Strain and Fracture 

(reported per year) (𝑦𝑗) 
12 3 9 5 4 22 30 15 

Total Number of Landfill 

Workers (𝑛𝑗) 
600 592 494 575 501 485 506 536 

Rate of Major Hazards Per 

Thousand (𝑦𝑗/𝑛𝑗*1000) 
20 5 18 9 8 45 59 28 

C
o

m
p

o
st

in
g

 

W
o

rk
er

 

Sprain, Strain and Contusion 

(reported per year) (𝑦𝑗) 
F 3 2 1 1 2 1 1 

Total Number of Compost 

Workers (𝑛𝑗) 
F 885 850 941 848 826 802 859 

Rate of Major Hazards Per 

Thousand (𝑦𝑗/𝑛𝑗*1000) 
F 3 2 1 1 2 1 1 

 

As it has been addressed in Section 5, Bayesian data analysis method focuses on using prior data to form 

a predictive distribution for unknown parameters with observable data. Since this study uses data that are 

reported annually, the injury rate is assumed to follow a Poisson distribution with parameter 𝜆 (rate of 

injuries per year per 1000 worker). The parameters required to apply a predictive Bayesian data analysis 

are displayed in Table 21. Estimated values for 𝜆 were obtained by fitting a Poisson distribution on prior 

data (2005-2011). The latest data is from 2012, thereby acting as sample data in the Bayesian data 

analysis. It is noticeable that residual parameters involving 𝐼, 𝑛�̅�, 𝛼, 𝛽,
𝛼

𝛽
, 𝜇∗, 𝜎2∗ were produced by using 

Equations 14, 22, and 23. The prior distribution of the Poisson parameter 𝜆 was assumed to be following 

a gamma distribution, as mentioned in Section 5. It should be noted that parameters 𝛼  and 𝛽  of the 

gamma distribution were found by the method of moments. 

 

 

 

 

  



Table 21: Estimated Parameters for predictive Bayesian Data Analysis 

Parameter 
Sprains/Strains for 

refuse collectors 

Lacerations, 

Punctures and 

Ruptures for 

Recycling Workers 

Sprains/Strains 

and Fractures for 

Landfill Workers 

Sprains/Strains 

and Contusions for 

Composting 

Workers 

Poisson  

Estimated 𝜆 8 19 23 2 

Sample Data 10 22 28 1 

𝐼 1 1 1 1 

𝑛�̅� 8.5 19.37 23.43 1.66 

𝛼 1 1 1 1 

𝛽 0.12 0.05 0.04 0.5 

𝛼/𝛽 8 19 23 2 

Normal  

𝐼 1 1 1 1 

𝑛�̅� 8.5 19.37 23.43 1.6 

𝛼 1 1 1 1 

𝛽 0.12 0.05 0.04 0.5 

𝛼/𝛽 8 19 23 2 

𝜇∗ 8.49 19.37 23.49 1.62 

𝜎2∗ 9.53 21.77 26.11 1.81 

Negative Binomial  

Size 69 156 187.84 13.8 

Probability 0.89 0.88 0.89 0.90 

 

Formulated from Equations 7, 13, and 14, the prior, likelihood, and posterior distributions for refuse 

collectors were plotted in Figure 18(a-c) using R software. Moreover, the predictive Bayesian probability 

distribution is plotted by applying Equations 21-23. The prior distribution of sprains/strains for refuse 

collectors were plotted in Figure 18(a) using workers’ compensation data from 2005 to 2011. Since the 

mean of the Poisson (prior) distribution is 7, 𝜆’s quantities around 7 have greater probabilities than other 

sprain/strain injury rates. In the next step, the likelihood distribution was plotted by obtaining the latest 

data (2012). The latest data shows a mean of 10 sprain/strain injuries per 1000 waste collectors; this is 

greater than the mean of the prior distribution. As previously addressed in Section 5, the posterior 

distribution presents the distribution of estimates of interest by utilizing the prior and likelihood 

distributions. Since the sprain/strain injury rates increased in the likelihood distribution, the mean of 

posterior distribution also increases. Comparing Figure 18(a) with 18(c) reveals that mean of sprain/strain 

injuries has increased approximately by one. Consequently, the mean of posterior distribution became 

around 9. At last, Figure 18(d) was obtained through a Monte Carlo simulation of Equation (21). An 

estimated normal distribution was fitted to find the predictive distribution of sprain/strain injury rates for 

waste collectors. Figure 18(c) illustrates the probabilities of sprain/strain mean injury rates; however, it 

lacks the distribution of the injury rates. For this aim, Figure 18(d) is a predictive distribution which 

shows the injury rates with their probabilities. The estimated normal distribution with defined mean and 

variance was plotted to find the sprain/strain injury probabilities. The estimated normal distribution mean 

(𝜇) and standard deviation (𝜎) were calculated to be 8.49 and 3.09 per 1000 collectors, respectively, as 

shown in Table 20.         



 (a) (b) 

(c)   
(d) 

Figure 18 (a)-(c): Prior, Likelihood and Posterior distribution for Sprain/Strain in refuse collector 18 (d): 

Predictive Probability Distribution for Sprain/Strain Amongst Refuse Collector (Black points are sample 

data)     

 
Similarly, the outcomes of a Bayesian data analysis for lacerations, ruptures, and punctures among 

recycling workers are depicted in Figure 19(a-d). Figure 19(a) shows the estimated mean (𝜆) probability 

based on prior knowledge, while the mean quantity is 19 major injuries per thousand recycling workers. 

The latest rates of these injuries for recycling workers (2012) demonstrate 22 laceration, rupture, or 

puncture injuries among solid waste workers. Subsequently, the higher rate of injury in the likelihood 

distribution has led to an increase in the mean injury rate in the posterior distribution (See Figure 19(a-c)). 

This increase occurred because the posterior distribution was produced by the standardized multiplication 

of the prior and likelihood distributions. The mean of major injuries in posterior distribution is around 19. 

In Figure 19(d), the predictive Bayesian distribution for lacerations, ruptures and punctures was plotted 

with its approximate normal distribution. A Monte Carlo simulation of Equation (21) yielded the black 

points and the approximate normal distribution was plotted to figure out the estimated distribution. It 

shows that the mean of lacerations, ruptures, and punctures among recycling workers (𝜇∗) is 19.37 and 

related variance (𝜎2∗ ) is 21.77. The rate of major recycling injuries will be within (5, 33) when 

considering a six sigma interval with more than 95% confidence.  

 

 
(a) 

 (b) 



 (c) 

  
(d) 

Figure 19 (a)-(c): Prior, Likelihood and Posterior distribution for Laceration, Rupture, and Puncture for 

recycling workers 19 (d): Predictive Probability Distribution for Mentioned Hazards Amongst Recycling 

Workers 

 
Figure 20 demonstrates the prior, likelihood and posterior distributions for sprains/strains and fractures 

(major injuries) among landfill workers. The mean of major injuries for prior data is 23 injuries per 1000 

workers. Considering Table 20, the rates from 2008 to 2010 brought about this high injury rate. The latest 

data belonging to 2012 has shown that the likelihood distribution has a mean of 28. Since the prior 

distribution and sample data have means of 23 and 28, respectively, (which have the highest probability), 

the mean with the highest probability for the posterior distribution is around 25. Likewise, the predictive 

Bayesian distribution is plotted using Monte Carlo simulation and estimated parameters in Table 19. 

Since a negative-binomial distribution with numerous data converges to a normal distribution, the 

predictive distribution is compared to an approximate to normal distribution. The predictive distribution 

illustrates the probability of injury rates of different quantities. The estimated mean and variance of 

predictive distribution are respectively 23.49 and 26.11. The predictive distribution shows that the injury 

rate will be within (13, 34) with a 95% confidence level. 

 

 
(a)  (b) 

 
(c) 

  
(d) 

Figure 20 (a)-(c): Prior, Likelihood and Posterior distribution of Sprain, Strain and Fracture for Landfill 



Workers       20 (d): Predictive Probability Distribution for Mentioned Hazards Amongst Landfill 

Workers   

Finally, Bayesian data analyses were conducted for composting workers. The reported exposures are 

distributed around 1 to 4 (especially around 1), which lead to greater uncertainties in the Poisson 

Bayesian data analysis and predictive distribution. As can be noticed from Figure 21, (a-d) Bayesian 

analyses show that the mean of the sprain/strain and fracture rate among composting workers continue to 

be equal to one. Since the rate of injuries are not high enough, the approximate normal distribution does 

not fit the simulation results.    

 
(a) 

 
(b) 

 
 

 (c)   
(d) 

Figure 21 (a)-(c): Prior, Likelihood and Posterior distribution of Sprain, Strain and Fracture for 

Composting Workers  21 (d): Predictive Probability Distribution for mentioned hazards Amongst 

Composting Workers 

 

 

 

 

 

 

 

 

 

 



9. ADDITIONAL PREDICTIVE DISTRIBUTIONS FOR FLORIDIAN COUNTIES  

As has already been discussed in Section 5.2, Bayesian data analysis has several requirements to proceed 

analysis of the Workers’ Compensation data in each county. The principal requirement is existence of 

satisfactory data for prior distributions which has not been satisfied in quite a few counties. To this end, 

Figure 22 shows all Floridian counties (67 counties) while all the counties where Bayesian estimation was 

possible to implement are provided in Table 22 (highlighted counties).   

 

1 Alachua 24 Hardee 47 Okeechobe

e 

2 Baker 25 Hendry 48 Orange 

3 Bay 26 Hernando 49 Osceola 

4 Bradford 27 Highlands 50 Palm Beach 

5 Brevard 28 Hillsborou

gh 

51 Pasco 

6 Broward 29 Holmes 52 Pinellas 

7 Calhoun 30 Indian 

River 

53 Polk 

8 Charlotte 31 Jackson 54 Putnam 

9 Citrus 32 Jefferson 55 Santa Rosa 

10 Clay 33 Lafayette 56 Sarasota 

11 Collier 34 Lake 57 Seminole 

12 Columbia 35 Lee 58 Saint Johns 

13 Desoto 36 Leon 59 Saint Lucie 

14 Dixie 37 Levy 60 Sumter 

15 Duval 38 Liberty 61 Suwannee 

16 Escambia 39 Madison 62 Taylor 

17 Flagler 40 Manatee 63 Union 

18 Franklin 41 Marion 64 Volusia 

19 Gadsden 42 Martin 65 Wakulla 

20 Gilchrist 43 Miami-

Dade 

66 Walton 

21 Glades 44 Monroe 67 Washington 

22 Gulf 45 Nassau   

23 Hamilton 46 Okaloosa   

Table 22 and Figure 22 – Floridian counties and highlighted counties for Bayesian estimation 

 



Predictive distributions for selected counties are provided in Figure 23. Prior, likelihood, posterior, and 

predictive distributions for Broward, Duval, Miami-Dade, and Palm Beach were provided in Section 8. In 

this section, predictive distributions for the rest of counties (Brevard, Citrus, Escambia, Highlands, 

Hillsborough, Marion, Sarasota, Polk, and Volusia) that predictive distribution can be provided for them 

are illustrated in Figure 23. 

Figure 23 – Predictive distributions for selected Floridian counties 

Means and variances for predictive distributions in Figure 23 are provided in Table 22. In order to 

compare different counties, means (μ), variances (σ), dnumber of data points (I), and average of injuries 

in each county (𝑛�̅�) are demonstrated in Table 23.  

 



Table 23: Estimated Parameters for predictive Bayesian Data Analysis (Selected counties) 
Parameters Brevard Citrus Escambia Highlands Hillsborough Lee Polk Sarasota Volusia Orange 

I 8 8 7 5 8 8 8 8 8 8 

𝒏𝒊̅̅̅ 4.125 4.75 4.29 3.6 20.375 7.25 11.125 3.375 4.625 24 

Mean(μ) 4.12 4.76 4.28 3.62 20.37 8.14 11.12 3.39 4.63 24.001 

Variance(σ) 2.149 2.31 2.21 2.08 4.78 3.04 3.53 1.95 2.28 5.19 

  

10. RESULTS COMPARISON  

Motivated by the high rates of fatality and injuries amongst MSW workers and the significance of 

predictive distributions to provide solid data on what are causing the injuries and making them more 

aware of potential hazards, this study has been implemented to show the posterior distribution for the 

mean of injuries and predictive estimation for injuries. To discover and investigate SWM hazards, they 

were initially categorized based on reported exposure from 2005-2012 in the State of Florida and related 

articles. In next stage, injury rates (per 1000 workers) were illustrated in Section 5 based on the Bayesian 

data analysis assessment method. Results from this study have revealed that MSW workers in the State of 

Florida mostly suffer from two major injury categories. The first category, musculoskeletal injuries, 

includes: sprains/strains, fractures, and contusion injuries. The second category is made up of dermal 

injuries which include: lacerations, ruptures, and punctures. Before considering safety measures for SWM 

workers, these categories can be prioritized by choosing a reference dataset for comparison. Englehardt et 

al., (2003), analyzed potential injuries for Floridian MSW workers with comparable categories for 1993-

1997 data. Once the hazards were categorized, they analyzed data corresponding to SIC codes 4212 and 

4953. To compare the injury rates between these two datasets (1993-1997 and 2005-2012), the latter is 

categorized into musculoskeletal and dermal categories. The sample data and estimated parameters used 

to properly compare the two datasets appropriately are depicted in Table 24. Parameters were estimated 

based on the equations in Section 4. 

Table 24: Estimated Parameters for refuse collection (4212 and 4953 SIC codes)  

Parameter 
Musculoskeletal 

Injuries (1993-

1997) 

Musculoskeletal 

Injuries (2005-

2012) 

Dermal Injuries 

(1993 – 1997) 

Dermal Injuries 

(2005 – 2012) 

Poisson  

Estimated 𝜆 88 17 15 3 

Sample Data 66 17 12 3 

𝐼 5 8 5 8 

𝑛�̅� 88.33 16.84 15.03 3.4 

𝛼 1 1 1 1 

𝛽 0.011 0.06 0.06 0.33 

𝛼/𝛽 88 ≈17 15 3 

Normal  

𝐼 5 8 5 8 

𝑛�̅� 88.33 16.84 15.03 3.4 

𝛼 1 1 1 1 

𝛽 0.011 0.06 0.06 0.33 

𝛼/𝛽 88 ≈17 ≈15 3 



𝜇∗ 88.34 16.84 15.05 3.38 

𝜎2∗ 105.97 18.93 18.02 3.80 

Negative Binomial  

Size 442.65 135.72 76.15 28.2 

Probability 0.83 0.89 0.83 0.89 

 
In Figure 24, the predictive distribution (using Monte Carlo simulation of Equation (21)) and estimated 

normal distribution for musculoskeletal injuries are plotted for both datasets in parallel. This figure shows 

that the injury rates have decreased noticeably in the newer dataset. Since the estimated normal 

distributions are pretty close to the predictive distributions, the corresponding mean and standard 

deviations are compared. The mean of the estimated normal distribution has shrank from 88.34 to 16.84 

musculoskeletal injuries per 1000 refuse collectors. Furthermore, musculoskeletal injuries for 2005-2012 

have a lower standard deviation and are more concentrated around the mean of the distribution. The 

reason for this decrease might be the use of automatic garbage and trash collection equipment in several 

counties in Florida. Although Figure 24 reveals that musculoskeletal injuries for refuse collectors have 

decreased noticeably, the MSW injury rates in Florida are still high and major safety preventive initiatives 

must be implemented.   

 
Figure 24: Comparison of Musculoskeletal Injuries among Refuse Collectors between Two Datasets 

 
In addition, the same comparison has been conducted for dermal injuries, as shown in Figure 25. Dermal 

injury rates have decreased drastically between the two datasets; it is actually greater than the decrease in 

musculoskeletal injuries. The mean of the estimated normal distribution has plummeted from 15.05 to 

3.38. Moreover, the standard deviation of the 2005-2012 dataset has a lower standard deviation (it has 

decreased from 4.24 to 1.94) which indicates a more precise prediction. The mean in the newer dataset is 

3.38 injuries per 1000 workers, which is considered a reasonable standard. Hence, since it makes up the 

vast majority of the injuries, preventive plans for musculoskeletal injuries among refuse collectors should 

take priority over dermal injuries.   



 
Figure 25: Comparison of Dermal Injuries among Refuse Collectors between Two Datasets 

 

Section 3 (Data Collection) declared that SWM injuries are mostly composed of refuse collection and 

recycling process. Consequently, data comparison for recycling workers has been conducted for two 

datasets (1993-1997 and 2005-2012). The related SIC (NAIC) for recycling is 5093 (423930). Similarly, 

sample data and estimated parameters are illustrated in Table 25. Parameters are estimated by applying 

the equations in Section 4.   

Table 25: Estimated Parameters for recycling workers (SIC 5093) 

Parameter 
Musculoskeletal 

Injuries (1993-

1997) 

Musculoskeletal 

Injuries (2005-

2012) 

Dermal Injuries 

(1993 – 1997) 

Dermal Injuries 

(2005 – 2012) 

Poisson  

Estimated 𝜆 14 15 5 7 

Sample Data 17 17 4 5 

𝐼 5 8 5 8 

𝑛�̅� 13.59 14.56 4.52 6.5 

𝛼 1 1 1 1 

𝛽 0.07 0.07 0.2 0.14 

𝛼/𝛽 ≈17 ≈15 5 ≈7 

Normal  

𝐼 5 8 5 8 

𝑛�̅� 13.59 14.56 4.52 6.5 

𝛼 1 1 1 1 

𝛽 0.07 0.07 0.2 0.14 

𝛼/𝛽 ≈17 ≈15 5 ≈7 

𝜇∗ 13.60 14.55 4.65 6.51 

𝜎2∗ 16.28 16.36 5.57 7.29 



Negative Binomial  

Size 68.95 117.48 23.6 53 

Probability 0.83 0.89 0.84 0.89 

 
In Figure 26, the predictive distributions of musculoskeletal injuries for recycling workers and their 

estimated normal distributions has been plotted. Unlike musculoskeletal injuries for refuse collectors, the 

musculoskeletal injury rates among recycling workers have increased. Moreover, the standard deviations 

of both datasets are close (4.03 vs. 4.04). Therefore, preventive initiatives for recycling workers to 

decrease musculoskeletal injuries should have higher priority than refuse collectors.  

 
Figure 26: Comparison of Musculoskeletal Injuries between Two Datasets (Recycling Workers) 

 
Correspondingly, the predictive and estimated normal distributions for dermal injuries among recycling 

workers have been plotted in Figure 27. In this case, the rate of injuries for dataset 2 (2005-2012) has 

increased in comparison with dataset 1 (1993-1997). The mean has increased from 5.57 to 6.51 for the 

estimated normal distribution. In addition, the standard deviation has increased by 0.34,although these are 

considered fairly insignificant changes.   



 
Figure 27: Comparison of Dermal Injuries between Two Datasets (Recycling Workers) 

High risk jobs in solid waste systems can be identified based on the obtained WC data. To this end, three 

jobs with highest frequency of injuries during 2009-2012 are identified as driver (which includes truck 

drivers, driver helper, linehall driver, residential Driver, swing driver, and CDL driver), dismantler/sorter, 

and packahge handlers/pickers. Figure 28 illustrates the injury percentages for selected jobs. Since refuse 

collection system has changed to automated garbage collection, package handlers/pickers injury 

percentages have decreased significantly.   

 

 

Figure 28: Comparison of most hazardous jobs among solid waste workers  
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11. INJURY DATA ANALYSIS AMONG SOLID WASTE WORKERS IN SELECTED 

COUNTIES 

In this section of study, we provide reported exposure and its trend in eight selected counties including: 

Alachua, Brevard, Broward, Escambia, Hillsborough, Leon, Miami-Dade, and Orange. There are 

numerous possible reasons for incidents in solid waste systems. Some of them can be listed as follows: 

personal negligence, inadequate working environments, negligence of others, and disasters. Although 

these additional factors make it harder to explain the variations of number of injuries between different 

years, we will give some possible explanations to clarify the variation. In this section, we will review the 

data provided, judge the drastic increases/decreases between counties and years, and hypothesize for the 

most probable/logical reasons that these discrepancies occur. 

Miami-Dade County 

Figure 29 indicates the total number of injuries per year in Miami-Dade County between the years 2005 

and 2012. As it can be seen, 2005 and 2009 have the highest number of injuries during this 8-year period. 

Furthermore, it should be noted that there is a considerable decrease in injuries in 2006 and an increase in 

2009.    

 

Figure 29. Miami-Dade annual injury Information 

  

This increase/decrease in number of injuries might have been caused by following reasons:    

 HuricaneKatrina, Wilma and Dennis all happened in 2005 which might have increased the total 

number of injuries. These three hurricanes caused 13 direct and 18 indirect deaths in the United 

States. Hurricane Katrina was the deadliest and most destructive Atlantic tropical cyclone of 

the 2005 Atlantic hurricane season. It was the costliest natural disaster, as well as one of the five 

most deadly hurricanes, in the history of the United States. These hurricanes increased waste 

generation and led to higher workload for waste collectors. That along with the fact that the 

garbage was being collected in an emergency situation, might have been the main reason for high 

number of injuries in 2005.        

 Switching from manual garbage collection to automated garbage collection might be the main 

driver behind the drastic drop in injuries in 2006 since this plan had been started on 2005. Using 

new truck with rear/side loader with single driver can decrease the number of injuries 

significantly, [SWANA Excellence Award, 2012]. Automated garbage collection has increased 

collection efficiency and reduced injuries since wheeled carts used in automated collection 

eliminates heavy lifting for residents and workers. That along with the lack of heavy storms and 

hurricanes would lead to part of the huge swinge in injuries among SW occupations between 

2005 and 2006. 
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 Miami-Dade County switched from Dual Stream Recycling (DSR) to Single Stream Recycling 

(SSR) facilities in 2008. Although SSR has advantages such as reduced collection costs, 

increased cleanliness for customers, and increased recycling rates, it might cause more known 

injuries including puncture, rupture, and amputation among dismantlers and sorters.     

 Since a considerable quantity of injuries are incurred by refuse collectors (30-40%, Section 6), 

Waste Management (WM) mission to reduce cost, garbage, and injury rates among solid waste 

worker might be the reason for the substantial decrease in number of injuries between 2010 and 

2012.  

Alachua County 

Total number of injuries in Alachua County is depicted in Figure 30 which shows that there is no 

substantial increase/decrease in this county except in 2009.  

 

Figure 30. Annual Injury, Workers Population, and Daily Workload for SW Workers Data 

In order to discover a noticeable decrease in number of injuries in 2009, Figure 30 provides total number 

of injuries, daily workloads for workers, and total number of workers (paid workers based on obtained 

data from United States Census of Bureau website). As can be noticed from Figure 30, no correlation 

between worker’s workload and number of injuries can be observed.  

Potential reasons for injury increase in 2009 can be found below:  

 Alachua County had 241 solid waste workers in 2009 which was the highest number of workers 

between 2005 and 2011. The increase in the number of workers (and number of new workers) 

may have been a contributing factor to the increase in injury numbers.  

  The six injuries in 2009 include three contusions, two strains, and a lasceration all of which are 

considered fairly minor injuries. Meanwhile, the three injuries in 2010 werethree fractures among 

drivers which are more intense and hazardous injuries. This information shows that higher 

number of injuries in 2009 is incidental or it relates to workers with problem history.    

Brevard County 

It is assumed that there is a positive correlation between number of injuries and number of workers. One 

can claim that there is also a relationship between number of workers and workloads per worker. The 

most clear correlation is seen between the number of workers (especially new hires) and the number of 

injuries no matter the workload per worker. This correlation is portrayed very clearly in Figure 31. Figure 

31 indicates the number of injuries, workload per paid workers, and number of workers in Brevard 

County between 2005 to 2012.   
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Figure 31. Annual Injury, Workers Population, and Daily Workload for SW Workers in Brevard County 

According to annual workload and number of employees data, there were less paid workers in 2005 and 

2006 than in the duration between 2007 and 2011. Also, it can be clearly seen that the number of workers 

(as well as number of injuries) dramatically increased in 2012. An increasing number of paid workers can 

also explain difference between 2006 and 2007. 

There are two peaks in 2005 and 2009. These two peaks might be explained by hurricanes in 2005 and the 

economic crisis in 2008. Hurricanes can increase the waste generation and create harder working 

conditions which can cause the number of injuries to increase. The other peak point is seen in 2009.  

During the economic crises, the number of paid workers decreased. Then, in 2009, a large number of new 

workers were hired. Although the multitude of new employees decreased the workload per worker, the 

heightened number of injuries might be explained by hiring so many green employees.  

Between 2007 and 2011 (with 2009 acting as an outlier), there are no big swings in number of workers, 

workload per worker and number of injuries. Moreover, it should be noticed that the number of injuries is 

doubled in 2012. This dramatic change between 2011 and 2012 can be expounded by the the rapidly 

increasing number of workers which would mean more rookies on the job could be getting injured 

through improper training procedures. The injury rates of these years are 0.63 % and 0.52 %, respectively. 

This demonstrates that while the number of injuries rose rapidly, this was actually surpassed by the 

increase in total number of workers. 

Hillsborough County 

Similarly, total population of workers, their daily workload, and total number of injuries among solid 

waste workers in Hillsborough County are plotted in Figure 32.  
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Figure 32. Annual Injury, Workers Population, and Daily Workload for SW Workers in Hillsborough 

County 

From Figure 32, it is easily observed that 2005 and 2006 include a much higher workload per worker than 

the other years.  When we look at the other years, however, there are no major differences in workload 

per worker. There is however a wide variation in number of injuries among these years making workload 

per worker appear to be a merely coincidental factor of injuries in the workplace. Similar to Brevard 

County, there is a peak in 2009. Although there is an 11 % increase in number of workers from 2008, this 

cannot fully explain the dramatic change in injuries inflicted in 2009. Another reason may be side-effects 

of the economic crisis.   

Broward County 

Figure 33 depicts the worker population, workload per worker, and total number of injuries per year in 

Broward County. A healthy decrease after 2006 where the number of injuries decrease from 19 to an 

avererage of approximately 13 can be observed.  

 

Figure 33. Annual Injury, Workers Population, and Daily Workload for SW Workers in Hillsborough 

County 

This increase/decrease in number of injuries might have been occured following reasons:    
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 The 2005 Atlantic hurricane season was the most active in history and Broward County was 

struck twice by major hurricanes. These hurricanes affected the waste generation and the 

conditions during that period and might be a contributing factor of the high number of injuries 

that year.  

 An incflux of new employees in 2006 may have kept the injury rate at a high level while they 

gained experience in subsequent years leading to a lower average injury rate per year. 

Leon County 

The total waste worker population, daily workload per worker, and number of injuries in Leon County per 

year is illustrated in Figure 34 which shows that there are no significant increases/decreases in this 

County during the period 2005-2012. The data reveal that there is no trend for the number of injuries and 

as shown in Figure 34 there is no correlation between the workload of the solid waste employees and the 

number of injuries. This is a small county leading to incredible variation in total number of injuries per 

year making conjecture about the causes near impossible. 

 

Figure 34. Annual Injury, Workers Population, and Daily Workload for SW Workers in Leon County 

 

Orange County 

The Orange County Solid Waste Division owns and operates one landfill (i.e., Orange County Landfill) 

and two transfer stations (i.e., Porter Transfer Station and Mcleod Road Transfer Station). Curbside waste 

collection service is provided by the Cities’ Solid Waste Division for all of the Orange County with the 

exception of the City of Edgewood and the Town of Windermere, in which Waste Management Inc. and 

Waste Pro. Management provides services as franchised haulers, respectively. 

Figure 35 indicates the annual number of injuries occurred in Orange County from 2005 to 2012. It is 

noticed that the injuries occurred more frequently in 2006 while less frequently in 2007. However, in 

Figure 36, the injury rate (# of injuries per paid worker) is calculated by taking the number of paid solid 

waste workers into consideration, and it shows that the injury rate drops to the lowest level in 2007 and 

increases to the highest level in 2008.   
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Figure 35. Annual number of injuries in Orange 

County from 2005 to 2012 

Figure 36. Annual injury rate in Orange County 

from 2005 to 2012 

 

In this study, reasons behind the sharp decrease or increase have been investigated. For injuries occurring 

in Orange County between 2006 and 2008, the injuries are categorized into six types in terms of the job 

classification based on the workers’ compensation data (see Figures 37). Through comparing the 

distributions of these six types of injuries amongst the years of 2006 to 2008, it is found that the injuries 

encountered are incidental and no obvious regularities are observed.  

 
 

Figure 37: Injury Distributions in terms of worker’s job classification (2006-2008) 

 

 

Escambia County  

The Escambia County Department of Solid Waste Management (DSWM) owns and operates one landfill 

(i.e., Perdido Landfill) and one transfer station (Escambia County Palafox Transfer Station). Curbside 

waste collection service is provided by the Emerald Coast Utilities Authority (ECUA) for all of the 

Escambia County with the exception of the City of Pensacola and the Town of Century.  

A health and safety plan has been established in this county, and the following is a list of example 

provisions identified in the health and safety plan (Innovative Waste Consulting Services, 2009): 

 Identification of key personnel, site-entry procedures and control, site characterization, personal 

protective equipment and monitoring, communication procedures, emergency medical 

procedures, etc. 

 Procedures for managing hazardous wastes when encountered. 

 Personal air monitoring equipment, including combustible gas indicators, photoionization 

detectors, a radiation survey meter, etc. 
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 Personal protective equipment specification, including full-face air purifying respirators with 

high-efficiency particulate, chemical resistant boots and gloves, etc. 

 Training requirements, including Occupational Safety & Health Administration’s (OSHA) 

Hazardous Waste Operations and emergency Response Standard (HAZWOPER), supervisor 

training, and medical surveillance. 

 

Figure 40 indicates the annual number of injuries in Escambia County from 2006 to 2012. It is worth 

remarking that the injuries occurred more frequently in 2009 and 2010 while less frequently in 2006 and 

2007.  

  

Figure 38. Annual number of injuries in Escambia 

County from 2006 to 2012 

Figure 39. Annual injury rate in Escambia County 

from 2006 to 2012 

 

Figure 40 presents the statistics of the MSW system in the Escambia County in terms of the annual solid 

waste collected and processed in the county, the number solid waste workers, and the workload for the 

workers from the year 2006 to the year 2012. By calculating the injury rate (# of injuries per paid worker), 

it is found that the year of 2011 has the lowest injury rate (as shown in Figure 40).  

  
Figure 40. Statistics of the MSW system in the Escambia County 

As aforementioned, the ECUA provides the leading solid waste collection service in Escambia County. In 

2006, the ECUA implemented a Safety Incentive Program (SWANA, 2012), which provides a quarterly 

award of $300 for every sanitation equipment operators who doesn’t have an at-fault accident or injury 

during that period. As they reported, this program has resulted in a 50% reduction in injuries at the ECUA 

when compared to the data in the years prior to 2006. 

The ECUA provides 1) fully automated solid waste collection; 2) fully automated single-stream curbside 

recycling collection services to residents in Escambia County. There are 23 sanitation collection vehicles 

with 1 operator per vehicle, 10 recycle vehicle with 1 operator per vehicle, and 10 yard waste collection 
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vehicles with 2 operators per vehicle. In 2012, the ECUA earned the Bronze Award in the Collection 

Systems category with its comprehensive automated collection program (SWANA Award, 2012). The 

automated collection system allows an increase in the quality of waste collection while also reducing 

lifting related injuries.  

12. RECOMMENDATIONS 

The last part of this study is to purport different recommendations which would reduce the rate of injuries 

and deaths among MSW workers. Multiple county-level analyses of WC data and surveys of MSW 

workers in different facilities in the State of Florida have been conducted in phase 1-3 of this study. This 

study has revealed that municipal solid waste workers’ occupations involve substantial occupational risk 

in terms of injury, mortality, and perhaps disease. Regarding the current system for MSW management, 

there is a need for improvement in the safety procedures conducted in all SWM methods including refuse 

collection, incineration, recycling, landfilling, and composting. The principal conclusion of this study 

comprises recommendations developed and organized here by occupation type. To this end, an injury risk 

map of the State of Florida is provided in Figure 41. Information for this map was obtained from two 

reliable sources. Worker’s compensation (WC) and paid waste management workers data were collected 

from Florida Financial Department of Financial Services as well as the United States Census Bureau’s 

website.     

 
Figure 41: Injury Risk Map for Floridian Counties  
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In Figure 41, Floridian counties are categorized in four groups. Counties with higher injury rates than 10 

injuries per thousand workers are considered as red zones. Similiarly, the remaining counties are grouped 

in orange, yellow, and green zone with the range of 5-10, 1-5 , and less than 1 injuries per thousand 

workers, respectively. After this categorization, recommendations will be provided based on these area 

zones. It should be noted that, recommendations for an area zone with a lower injury rate can be used for 

higher injury risk areas as well. For instance, recommendations for green zone can be used for yellow, 

orange and green as well. 

12.1. Green Zone Counties 
Green Zone includes 8 counties with injury rate less than 1 injury per thousand paid workers. These 

counties contain 8.9% of population as well as 8.8% of total waste generation of Florida. Furthermore, six 

out of eight of the counties are small with populations of less than 200,000 citizens 

Figure 42 shows the relationship between daily solid waste generation and number of incidents for the 

counties in Green Zone. According to the figure, one can be concluded that there is a positive correlation 

between injury rates and waste generation. 

 

Figure  42. Relationship between daily generation and number of incidents 

Green zone counties have the lowest injury rate of all the zones. Based on obtained information and data 

analysis, it seems that Green Zone counties are more successful than the other counties in implementing 

health and safety issues. The aim of this section is to review highly successful programs to give an idea 

about how to implement better safety programs for all over companies in Florida. Then, we will 

recommend safety recommendations to further develop the current programs. 

Generally, solid waste systems in small counties are less complicated than the systems in the medium or 

large size counties. This means that sometimes some implementations in small counties may not be 

applicable for other counties. However, the opposite is not true in most cases. Complex systems can be 

easily modified into less complex systems. According to Figure 51, Brevard and Seminole constitute 

more than half of waste generation in the green zone counties. Therefore, Brevard and Seminole have 

been selected as representative counties for green zone. 

Brevard and Seminole Counties 

Best practices in selected counties in green counties are listed in the following portion. Based on these 

practices, appropriate actions and recommendations will be provided in the recommendation section.   
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Periodic Risk Analysis: Reported exposure data are based on injuries and/or accidents that happen in 

SWM systems. Although reported exposure data give proper information to decrease number of injuries, 

there is the probability of unobserved injuries which should also be taken into account. Analysis to 

prevent these kinds of potential hazards is called risk analysis. An example of that can be seen in Veolia 

ES Solid Waste Southeast Inc. as named as near miss scenarios (Venolia Web Site – Safety). Risk 

analysis should be determined periodically because risks on health and safety issues and risk factors can 

change with new process, new machine, and even new people. 

Training Program: Workers in SWM are exposed to hazardous and prohibited materials continously. 

Identification of hazardous materials is extremely important. For example, spotters are responsible for 

inspecting incoming waste and recognizing the material. Then, these workers notify the others using 

appropriate signs. Then, each worker behaves according to the sign. In Seminole County, only properly 

trained and certified workers can work as spotters. Also, operators have to complete their training to 

perform their duties. After training, both operators and spotters can identify and properly manage any 

hazardous and prohibited material. All operators and spotters in Seminole County have to finish 16 hours 

and 8 hours of initial training, respectively. After three years, they have to complete an additional 8 hours 

and 4 hours of continued training, respectively. All this training is approved by the FDEP.    

Continuous Communication: Most of the solid waste companies have safety manuals or safety 

programs. However, the important key to decrease potential risk to employees is to successfully 

implement these safety procedures in all levels of the company. For example, a report for the Monroe 

shows that even though usage of a PPE is mandatory for workers, it has been seen that workers often do 

not use this equipment. In this context, management plays an important role in the successful 

implementation of a safety code. For example, Republic Services in Seminole County is one of the safest 

waste companies. One of the special things they do to ensure employees follow protocol is giving the 

employees a place at the table when designing new safety programs.  

 

Figure 43. A meeting in Republic Services (from [RS]) 

Another example of a successful continuous communication program is named consistent 

communications at Veolia ES Solid Waste Southeast Inc. The program is similarto the one abovehowever, 

the company additionally announces an issue about health and safety each month and, then, collects the 

solution ideas thought up by their very own employees. This also might be useful for other counties. It 

helps not only create a high level of involvement and awareness about the issue, but also can bring up 

useful solutions to prevent undesired situations.  

Seasonal Effects:  The study of Englehardt et al. (2000) and the report of Mendel and Hansen (2011) 

claim that seasonal effects have an impact on number of injuries and accidents in the solid waste industry. 

Mendel and Hansen (2011) argued that the number of injuries and vehicular accidents increase in the 

summer. They provide some reasons for their claim such as high temperature and humidity, increasing 

pedestrian and motor vehicle traffic, higher waste stream volumes, etc. The increasing number of injuries 



in the Summer may be demonstrated for landfill workers as well. Figure 44 shows the average number of 

injuries in different months between 2005 and 2012. It can be concluded that the average number of 

injuries between March and October is greater than the average of other months.   

 

Figure 44. Monthly Number of Injuries in Landfills (FL, 2005-2012) 

To decrease the number of injuries during the summer, Republic Services in Seminole County has 

launched a program specifically for drivers. The fatigue due to high temperature, humidity, and increasing 

traffic are mainly considered in design of this program. The program includes the following safety tips: 

- Drink plenty of water. 

- Watch for children. 

- Always use your helper when backing the truck. 

- Always wear your seatbelt 

- Get proper rest before reporting to work 

- Stay hydrated before, during and after work 

- Always wear your high-visibility vest 

Focus 6: This program focuses on the most serious and frequent types of losses in the industry which are 

intersections, backing, rollovers, pedestrians, and rear collisions. In the program, all employees are 

informed of these issues using different communication tools. Mandel and Hensen (2011) reported that 

the number of injuries in Republic Services related to these six has decreased 61% from 2008 to 2012.  

Recommendations: 

As we discussed in the continuous communication section, a key to decreasing the number of injuries is 

the  implementation of programs or safety manuals. Right now, most of the counties have safety manuals 

or operation plans of which safety is considered. Specific recommendations for Green zone are provided 

in following part. 

(1) Health and safety programs are very significant for decreasing number injuries. However, instead of 

periodic or separate programs, creating a culture of awareness to safety and health issues might help to 

decrease the number of injuries. 

(2) Safety manuals and operation plans should be detailed enough. For example; 

 Safety glasses will be worn, as appropriate. 

 Protective gloves will be worn, as necessary. 

0

2

4

6

8

10

12

14

16

18

20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

N
u

m
b

er
 o

f 
n

ju
ri

es
  

Months 



 Protective gloves, eye protection, and apron will be worn when working with household 

hazardous waste (HHW), as appropriate. 

In this case, when a worker reads the operation plan, the protection depends on the workers’ perception. 

Some workers can underestimate the possible risk of not using a PPE. To prevent these instances from 

occuring, all safety manuals and operation plans should be prepared with very detailed information. All 

operations should be defined clearly and when and how to use PPEs should be described at length for all 

workers. 

(3) The Focus 6 program is a very successful health and safety program. Now Republic Services analyzes 

the most frequent incidents in the industry. It is a good starting point, however as time goes by, the 

counties should focus on their specific situations since every county has different characteristics in their 

operations. In this context, the following steps may help to decrease undesirable circumstances 

 Analyze and report the incidents. The report should include date and time of the incident, general 

incident information, occupation of the worker, operation, and worker information. From the 

information, the decision maker can conclude specific times that incidents occur, risky 

operations, risky occupations, and relationship between incidents and certain workers.  

 Design a new program: According to the result of the first step, decision maker should design a 

new program for the more common incidents. For example, if the results show that most of the 

incidents occur in summer and noon, then decision maker may advice special safety tips to fight 

the seasonal effects. 

 Implementing the program: In this step, decision maker should consider the worker’s opinion as 

described in the continuous communication. Also implemention should be specific for the type of 

incident. For example, if a new program is started for drivers, instead of posters, a scheduled 

meetings and videos may be more effective. 

 Evaluate the program: Presenting the result and/or success of the program is important to 

increase success of other programs and involvement of the workers.     

    12.2. Yellow Zone Counties 

The yellow zone contains 27 counties with injury rates that vary from 1 to 5 per thousand workers. Palm 

Beach County generates 18.34% of the total wastes (out of 28 counties) within the yellow zone. As of the 

2010 census, the population in Palm Beach County was 1,320,134, making it the third-most populous 

county in Florida. According to the U.S. Census Bureau, it has a total area of 2,383 square miles of which 

1,970 square miles is land and 413 square miles is water. It is the second-largest county in Florida by land 

area and third-largest by total area. Palm Beach County is also Florida's wealthiest county, with a per 

capita personal income of $44,518. For the abovementioned reasons, Palm Beach County has been chosen 

as representative for the yellow zone. 

Palm Beach County 

Palm Beach with average annual total waste production of 1,728,982 tons, has 1 landfill, 6 transfer 

stations, 1 material recovery facility, and 2 waste-to-energy facilities that are operated by the Solid Waste 

Authority of Palm Beach County (SWA). SWA is a governmental agency responsible for providing an 

economical as well as environmentally conscious integrated SWM system for Palm Beach County. Palm 

Beach also has 2 material recovery facilities that are operated by Sun Recycling which is one of the 

largest independently owned recyclers of construction/demolition material in Florida. Finally, Palm 

Beach County contains 1 more transfer station that is operated by Delta Recycling. Concerning the solid 

waste facilities in Palm Beach County, there is an extended safety manual that is setting safety regulations 

in several fields including but not limited to: 

- General Safety Rules  

- Accident Reporting and Investigation 



- Electrical/Lockout Safety 

- Ergonomics 

- Fire Prevention 

- Fleet Safety 

- Hazard Communication 

- Machine Equipment Safety and Guarding 

- Personal Protective Equipment 

In Palm Beach County, there is currently several programs in effect that bolster the safety of the solid 

waste workers: 

- The SWA’s “Adopt-A-Spot” program, in existence since 1999, is a litter abatement and 

beautification program that provides community groups tools and supplies to “adopt” and 

improve the appearance of specific locations in their community. 

- Some of the old landfills are given new life as parks or even golf courses. For example, the closed 

Dyer Landfill was transformed into a sports park with baseball, softball, and soccer fields, 

volleyball and basketball courts, mountain bike trails, equestrian trails, a picnic pavilion, and a 

children’s play area all surrounded by a restored wetland ecosystem. 

- The SWA assists businesses with getting their recycling programs started. Their team of experts 

visits businesses and, through a Waste Audit, they determine what can be recycled. They perform 

nearly 1,200 Waste Audits per year. 

- The SWA accepts E-waste from County residents and everything they collect is processed and 

recycled in the U.S. 

- The Authority works together with citizens and regulatory agencies to bring benefits to the 

environment and surrounding communities. 

- SWA has extensive environmental monitoring programs to protect Florida’s valuable resources: 

air, water, soil, and wildlife. 

- The County values the residents’ satisfaction when it comes to communication. They mailed a 

survey to 1,300 residents in different demographics questioning the customer satisfaction when 

contacting the agency and the results were an overwhelming 100% satisfaction. 

Recommendations: 

Even though the existing safety manual is extensive and includes several important actions and 

procedures that reduce the amount of injuries, there are some additional actions that can be performed on 

top of the ones that are already implemented to help further decrease the number of injuries: 

- All the contractors should employ measures to minimize the dust from all excavations, plant sites, 

and work areas. One way to achieve this is by using machinery to spray water so that the dust is 

controlled. 

-  Apart from the PPE that is already a mandatory measure against respiratory health issues, the 

contractors should implement some additional actions to reduce the air pollution, for example by 

enacting gas extraction systems in order to reduce the landfill gas emissions. 

- A reward incentive program for employees that show great motivation to follow all the safety 

procedures can be implemented.  

- The employees should be regularly evaluated and attend supplementary training sessions. 

-  The already existing training program can be enhanced by including videos that can test 

employees in safety violations in a challenging and entertaining way. 

- All contractors should provide good customer service by making it easy to file complaints and by 

providing evaluation forms to the public.  

- On all trucks and vehicles they can add the “How am I driving” stickers with which the public 

can give positive or negative feedback on the driver’s habits. The mission of the “How Am I 



Driving?” Program is to encourage a safe driving culture for employees through reporting 

instances of unsafe driving practices and mitigation exposures of risk while ensuring the safety of 

motorists and employees. This measure has been applied to other states and appears to provide 

the following benefits:  
o Saves lives and reduces accidents because the drivers know they are operating in a 

supervised environment 

o Retains employees, positive recognition 

o Enhances public image, shows concern for public safety, assures driving public that the 

agency cares when it is made so easy to report adverse driving performances 

o Promotes job stability and security--re-training drivers who receive incidents reports help 

them drive better and shows an investment in their careers 

    12.2. Orange Zone Counties 

    As shown in Figure 41, counties in which the average number of injuries per paid worker is greater 

than 5 and less than 10 injuries per thousand workers are categorized into the “orange zone”, meaning that 

solid waste workers in these counties encounter less potential health and safety risks under their current 

working conditions than red zone, but still are more at risk than those in the green and yellow zones. 

Orange zone area, which average between 5 and 10 injuries per thousand workers per year constitutes 

more than 44% of population and more than 47% of the waste generated in the State of Florida. The 

abovementioned reasons indicate the importance of safety regulations in solid waste systems in orange 

zone including populated counties such as Miami-Dade and Orange. Miami-Dade County with population 

of more than 2,600,000 and annual waste production of 3,894,000 has the highest population and waste 

generation in the State of Florida and orange zone. To this end, Miami-Dade county has been chosen as 

representative for orange zone.  

Miami-Dade County 

The Miami-Dade County Public Works and Waste Management Department provides waste collection 

and recycling services to more than 300,000 households in unincorporated Miami-Dade County as well 

as eight municipalities, which include Aventura, Cutler Bay, Doral, Miami Gardens, Miami Lakes, 

Palmetto Bay, Pinecrest, and Sunny Isles Beach. Miami-Dade County has 9 solid waste facilities 

including 4 landfills (LF), 1 waste to energy (WTE), 3 transform stations (TS), and 1 material recovery 

factory (MRF). Based on obtained information, recommendations for orange zone are provided below:  

Recommendations: 

(1) There are two Landfills in Miami-Dade County: North Dade Landfill (NDLF) and South Dade 

Landfill (SDLF). The South Dade Landfill accepts a variety of waste, including garbage, shredded tires, 

animal carcasses, household/yard trash, construction/demolition debris, and asbestos. Meanwhile, 

the North Dade Landfill (NDLF) is a Class III (trash only) landfill. Private, municipal, and county waste 

haulers deliver trash material such as old furniture, lumber, crates, cardboard boxes, yard trash, and 

construction/demolition debris to NDLF. For this project, the simlab group visited both SDLF and NDLF 

and conducted surveys among the landfill workers. Based on conducted survey and site visit, we provide 

the following recommendations:  

 Although landfill facilities provide personal protective equipment (PPE) for workers, the survey 

results and site visits have revealed that the replacement policy in place for PPEs is not 

appropriate and, under the current conditions, workers might need to provide the protective 

equipment for themselves. Moreover, the company providing obsolete PPE was reported in the 

survey. To this end, appropriate scheduling to provide PPE, especially for high risk workers, 

seems necessary. This plan can be implemented by increased investment or reallocation of 

budgetary funds.  



 Based on site visits, there was no training video for new employees; Training videos for new 

employees can noticeably decrease the frequency of code violations and hazards that can 

potentially increase the number of injuries which occur at the site.     

 In order to contact a health and safety advisor in the case of hazards, remote radio is provided for 

workers, but injury data are not documented with any specific form. An incident form can include 

safety classification (Low Hazard, Medium Hazard, and High Hazard), description of event, and 

actions to prevent. (See Appendix II)    

 Waste tanker spraying can be used to control waste dust, since 10%-20% of injuries in landfill 

facility are related to respiratory and dust issues.  

 Periodic risk analysis in landfill facilities can help health and safety officer to find unknown 

potential hazards and eliminate their risk.  

(2) The Resources Recovery Facility (RRF) is a waste-to-energy plant located in northwest Miami-Dade 

County. This 77-megawatt facility is operated by Covanta Energy through a contractual agreement with 

the county. The RRF is one of the most technologically advanced waste-to-energy facilities in the world, 

featuring a state-of-art air quality control system. Approximately 1.2 million tons of waste are processed 

annually, with 240,000 tons of the material being processed into a biomass fuel for export out of Miami-

Dade County. The simlab group interviewed facility workers during a site visit there in February of 2014. 

The results of this interview has revealed that Covanta has high quality safety regulations and high 

satisfaction rate amongst its employees. significant added regulations are listed as recommendations for 
orange zone:  

 Frequent training programs including safety videos, special training for workers and a different 

color of hard hat for rookie workers.  

 Instant report of any hazard or incident using an incident report form (See Appendix II for 

proposed form) which could be reviewed by the related supervisor.  

  Specific regulations for each operation in facility such as grinding, welding, open flames, etc.   

 Incentive plan for workers with clear hazard history and punishment for worker’s with a history 

of violating safety regulations.   

 OSHA lock out/tag out which disables machinery or equipment, while employees perform 

servicing and maintenance activities.      

 Using yellow/red tape for especially dangerous sectors of the facility and providing additional 

personal protective equipment.  

 Storing and analyzing injury/hazard history to identify major and unknown hazards.   

(3) Based on obtained information and potential hazards in solid waste facility, general recommendations 

for orange zone are listed as below:  

 Vaccine-preventable diseases have been reported as an exposure among refuse collectors, 

recycling workers, and landfill workers which can be prevented in an individual by administering 

a vaccine. Three major vaccine-preventable diseases, as well as how waste workers come into 

contact with them, are:  

o Hepatitis A – contact with contaminated water and/or faucal matter (in disposable 

nappies and other waste) 

o Hepatitis B – cuts, abrasions, and lacerations from waste contaminated with blood or 

blood products, needlestick injuries from contaminated waste      

o Tetanus – puncture wounds and others abrasions and lacerations from contaminated 

waste, particularly metal, wood splinters, and waste contaminated with soil and animal 

manure. 

 Although City of Miami Department of Risk Management has provided a solid waste department 

safety handbook [City of Miami, Department of Risk Management] which includes general safety 



standards, solid waste safety rules, policies, and procedures, this handbook lacks detailed 

information in comparison with Palm Beach safety regulation manual [Solid Waste Authority of 

Palm Beach County Manual]. To this end, detailed handbook for design, build, and operation of a 

solid waste facility in Miami-Dade can be implemented.        

 There is a need for an air monitoring system in the landfill facilities to help protect employees 

against dust and gas emissions. Workers can ask for an air monitoring system to become aware of 

the facility’s dust level.  

 Training for workers in landfill facilities, especially in the case of welders, seems necessary 

(based on conducted survey). 

 In order to identify and reduce potential hazards in solid waste facilities which have not been 

recognized yet, a new incident report has been designed which is indicated in Appendix II. This 

form should be filled after any incident which occurs in the facility to analyze later.             

12.4. Red Zone Counties 

As shown in Figure 41, counties in which the average number of injuries per paid worker is greater than 

10 injuries per thousand workers are categorized into the “red zone”, meaning that solid waste workers in 

these counties encounter higher potential health and safety risks under their current working conditions 

than other counties. 10 counties currently meet the “red zone” qualification. These counties are Escambia 

County, Liberty County, Madison County, Dixie County, Baker County, Union County, Bradford County, 

Marion County, Citrus County, and Highlands County, respectively. Based on the census statistics and 

the Florida Annual Solid Waste Report (2010), counties in the red zone represent 5.35% of the total 

population and 4.10% of the total annual waste collected. According to the figure, Marion County has the 

largest population and accounts for almost 30% of the waste generation amongst the ten counties in red 

zone (i.e. the second most after Escambia county). To this end, Marion County has been selected as the 

representative for this section. 

 

Marion County 

The Marion County Department of SWM operates 18 recycling centers and 1 landfill (i.e., Baseline 

Landfill). The county has a program called “SHARPS”, which encourages the residents to separate sharp 

objects (including disposable hypodermic needles, syringes, lances, and other medical devices used for 

self-injection or blood tests) from the other garbage. SHARPS containers are provided for those residents 

who participate in this program for proper and safe disposal of used sharps. These sharps container are 

then disposed by a certified company which specializes in this type of waste disposal. With this program, 

potential risks of injury or illness for the refuse collectors that caused by these sharps may have decreased. 

The Marion County has identified the safety practice guidelines for employees in the refuse systems, 

including office personnel, maintenance/equipment repair personnel, material handling personnel (sorting 

and lifting), landfill personnel, transfer station personnel (i.e. grizzler operators, waste attendants, and 

truck drivers), etc. For the landfill operation, they have Marion County Baseline Operations Plan; and for 

the recycling centers operation, they provide a Standard Operating Procedure (SOP) at each site, 

including information about opening and closing procedures, Personal Protection Equipment (PPT), 

customer service information, emergency contacts, etc. 

Moreover, they provide employee training for new landfill operators, new spotters and hazardous waste 

specialists. In more detail: 

 New operators at the Baseline Landfill participate in 24 hours of initial training that include 

the Manager of Landfill Operations (MOLO) course. In addition to this, they participate in 

continuing education courses totaling 16 hours every 3 years thereafter.  Refresher courses 

include but are not limited to: Health and Safety, Asbestos Awareness, Groundwater issues, 

Hazardous materials in Construction & Demolition waste, landfill gas, and leachate, etc.  

 New spotters participate in 8 hours of initial training that include Spotting at Construction and 

Demolition Sites, Landfills and Transfer Stations and/or Waste Screening, and Identification for 



Landfill Operators and Spotters.  Every 3 years thereafter, Spotters participate in continuing 

education courses totaling a minimum of 4 hours to maintain certification.  

 Hazardous waste specialists participate in Spotter/Waste Screener courses which 

include: HAZWOPER as well as Hazardous Materials Incident & Waste Training as required by 

OSHA. 

Table 27 presents the statistics of the MSW system in Marion County in terms of the annual 

tonnage of solid waste collected and processed in the county, the number of injuries each year, the 

number of refuse collectors and disposal workers, and the daily workload per workers from the year 2005 

to the year 2012. It is noticable that the annual waste collected and the number of refuse collectors are 

much higher in 2005 than that in other years. This might be because of the 8 hurricanes (two of them are 

very huge, i.e., Hurricane Katrina and Hurricane Dennis) which occurred in Florida in that year. 

Moreover, among the 8 injuries that occurred in 2005, 5 of them happened to solid waste workers, which 

is possibly due to the extra dangers of cleaning up trash and debris after a natural disaster. In a similar 

vein, among the 9 injuries which occurred in 2010, 5 of them are reported for the truck drivers, which 

might also be explained by the high daily workload for the refuse collectors.  Marion County recently 

introduced a single-stream recycling program for garbage collection in 2012 (Marion County Connection, 

2013). This program might help to reduce the potential safety risks for the solid waste workers. 

 
Figure 45. Statistics of the MSW system in the Marion County 

   

Recommendations: 

(1) Based on the information provided in Figure 45, there might be a positive correlation between the 

number of injuries and the worker’s daily workload. To this end, it is suggested to reduce the worker’s 

workload through taking some actions, such as: 

 Distributing more budget to hiring more workers; 

 Providing several appropriate entertainments to refresh and refill the workers’ energy.    

(2) Any solid waste worker encountering hazardous working conditions must be protected against any 

potential safety risks. To this end, providing appropriate protective clothing and equipment (PPE) to 

protect workers from chemical, physical, biological hazards is necessary. In order to determine what type 

of PPE is required for the workers in specific positions, an assessment of the potential safety risks has to 

be taken prior to distributing PPEs to the workers. Figure 46 presents the Marion County’s current hazard 

assessment form. It should be noticed that only three steps are taken and limited information could be 

obtained throughout this assessment. In this study, we recommend more detailed assessment procedures 

which may be based on the following steps as show below. 

 Identify job classifications where exposure to various hazards occur or might occur. 

 Examine historical injury/illness records to identify and rank the jobs according to the probability 

of encountering incidents. 
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 Identify potential sources of health and safety risks through conducting surveys of workplace 

areas where hazards exist or might exist. 

 Conduct surveys amongst the solid waste workers and ask for their opinions according to the 

PPEs that are currently in use. 

 Calculate the estimated potential risks for all job positions, and rank these positions from high 

risks to low risks. 

 Provide corresponding PPEs based on the obtained estimation. 

 Take extra care when dealing with unique job positions. 

 
Figure 46. Marion County written hazards assessment form for selecting PPE 

(3) The Marion County Department of SWM reports all accidents/injuries via an incident information 

form as shown in Figure 47 and processes the reports through their County Risk Management Department. 

In addition, they conduct monthly safety meetings with employee representatives from each division (i.e., 

collections, recycling, landfill, litter and household hazardous waste) to review these accidents. In order to 

uncover more details about the incidents resulting in injury, in this study, we redesigned the incident 

information form, as shown in Appendix II. In the new form, worker’s basic information (i.e., name, 

position, job description) and their listed hazard intensity (i.e., low, medium, or high) have been added. 

The new form may also be used to create a database for risk assessment. Therefore, probability of 

recurrence (i.e., high, moderate, low), loss severity potential (i.e., major, serious, minor), frequency of 

exposure (i.e., extensive, moderate, low), and actions to prevent recurrence need to be provided to better 

explain the incident.    



 
Figure 47. Marion County Incident Information Form 

(4) Gas and odor emissions generate potential health risks to landfill workers. The odor and gas emission 

problems have been reduced in several cities/counties/states as they reported.  Based on the measures they 

have taken, the following recommendations are provided for counties which have not taken similar 

actions in the state of Florida: 

 Operation of a gas extraction system; With a well-designed gas extraction system in place, 

landfill gas is removed from the landfill once collected by collection wells and is delivered to the 

end user via an underground transmission pipeline. This gas extraction system helps not only to 

reduce the landfill gas emissions, but also to provide economic benefits to local business through 

reduced fuel cost. Successful cases of operating the gas extraction system can be found in 

Perdido Landfill (Escambia county, FL) and La Crosse County Landfill (La Crosse County, WI). 

 
Figure 48. Landfill gas extraction system 

 Using tanker trucks or “electric gun” to spray waste around the mining area to control dust.  



  

Figure 49. Electric Gun implemented in a 

landfill in Ireland 

Figure 50. Waste tanker spraying waste to control 

dust in Clovis Landfill (City of Clovis, NM) 

 

13. COMPARISON WITH PREVIOUS STUDY 

In the past, several studies have been conducted to assess the occupational safety risks of municipal solid 

waste workers. Planting the seeds of these efforts, Englehardt et al. (2000) conducted a preliminary 

quantitative analysis comprised of an injury distribution and an analysis of variance for primary injuries 

among MSW workers in Florida from 1994 to 1997. Their analysis of Floridian workers’ compensation 

data exposed the high rates of musculoskeletal and dermal injuries suffered by MSW workers in Florida. 

Although possible occupational health risks of MSW laborers were considered in their study, all of their 

statistical analyses were based on refuse collectors and recycling workers. Englehardt et al. (2003) proved 

the validity of using a predictive Bayesian analysis for musculoskeletal and dermal injuries among MSW 

workers. In their study, they conducted a pilot study to construct an unconditional predictive Bayesian 

distribution for the risks associated with Floridian refuse collectors by integrating over probabilities of 

parameters of the considered distribution. Although advantageous, the scope of the study was not large 

enough. It lacked analysis of the other major waste treatment methods, namely, recycling, landfilling, and 

composting workers. Consequently, there is a need for an up-to-date study based on new statistical 

approaches as, there have been many changes in the solid waste industry’s policies and operations over 

the last two decades. In this study, we considered extended area of municipal solid waste workers’ 

occupations including state-level and county-level assessments. Furthermore, recommendations are 

provided based on potential risks in grouped counties which were shown in risk injury map. Finally, in 

order to compare rate of injuries between Englehardt’s study and this study, predictive distributions for 

musculoskeletal and dermal were compared which shows the improvement/deterioration between 

abovementioned datasets.      

14. LIMITATION AND CONCLUSION  

In this study, Bayesian statistical assessment and predictive Bayesian estimation are developed to 

investigate potential health and safety hazards among solid waste workers. To this end, initially major 

injuries for each SWM method including refuse collectors, recycling workers, landfill workers, and 

compost workers are identified to conduct statistical analysis. Using obtained worker compensation data 

from Florida department of financial service, Bayesian data analysis and predictive distributions for all 

eligible counties are provided to estimate the rate of injuries (injury per thousand workers). In addition, 

statistical analysis for the State of Florida is conducted to compare the data with the previous study. This 

statistical assessment framework is capable of updating data and plotting updated predictive distributions. 

It should be noted that the resulting predictive distributions are from framework involving city-level, 

county-level, and state-level distributions. Therefore, based on obtained statistical analysis and worker 

compensation data, Floridian counties are categorized in four risk zones which are shown on a “Risk 

Injury Map”. In the recommendation section, recommendations for each area zone namely: red, orange, 



yellow, and green zones are provided. These recommendations are principally based on information 

gathered by conducting surveys, interviewing workers, safety manuals/regulations in counties, facility 

websites, and related conferences and articles to this area. The principal conclusion of this study denotes 

that, although noticeable improvement has been observed for solid waste workers, solid waste 

occupations from waste collection to the disposal stage contains substantial risks in terms of injury, 

disease, and perhaps death. Comparison of this study with previous study (Solid Waste Management 

Health and Safety Risks: Epidemiology and Assessment to Support Risk Reduction) has revealed that 

there is a noticeable improvement among refuse collectors in term of injury rates; however, injury rates 

among recycling workers has increased. For this reason, it seems that there is a need for more safety 

efforts in this area. 

In this section we mention certain limitations of this research which may help future studies as well as 

future risk, injury, and incident analysis. Limitations were categorized into three groups that will be 

explained as follows:  

Lack of data: In this study extended data have been utilized to conduct statistical analysis; however, this 

study lacks reported exposure for incinerator workers. Furthermore, statistical analysis for solid waste 

workers for private vs. public facilities or based on workers age/gender can be conducted in the future.    

Worker compensation data: Workers' compensation is a form of insurance providing wage replacement 

and medical benefits to employees injured in the course of employment in exchange for mandatory 

relinquishment of the employee's right to sue his or her employer for the tort of negligence. For this 

reason, a noticeable portion of incidents and injuries were not reported in used database in this study.  

Inconsistencies in data collection: Collection of injury and incident records is another limitation of the 

research. Each SWM company records the data according to their own reporting purposes. This may 

cause an inconsistency between records from different companies. Some of them may not report the 

relatively small incidents however some of them might record all injuries. 
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