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ABSTRACT 

The construction industry has many specific hazards that risk professionals examine on a 

daily basis. The recent niche market of asphalt and concrete maintenance has prompted a new 

look at the large exposure of respirable dust that is created when performing theses activities. 

The researcher looked at a water control for reducing levels of respirable dust. The effect of the 

water control was measured under several scenarios including point source monitoring ofdust, 

area monitoring ofdust, monitoring ofdust with no control , and with misting controls in place. 

The researcher used an aluminum cyclone to analyze for respirable dust. As a result ofa misting-

type water control the researcher was able to reduce the respirable dust levels by as much as 

80%. The control has been effective and further look at implementation should be considered. 

This type of control would help minimize the exposure to dangerous respirable dust levels. 
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Chapter I: Introduction 

The construction industry has many specific hazards that risk professionals examine on a 

daily basis. Recently there have been many concerns made by the Occupational Safety and 

Health Administration (OSHA), Mine Safety and Health Administration (MSHA), the National 

Institute for Occupational Safety and Health (NIOSH), employees and other health care officials 

about the exposure of respirable dust that leads to worker illness and environmental damage. 

Much of the damage stemming from these exposures is irreversible, and potentially life 

threatening. 

Chief among these worker illnesses is silicosis, a disease that causes 300 worker fatalities 

each year (OSHA, 2007). Silicosis is caused by exposure to respirable silica dust. Crystalline 

silica is a basic component of soil, sand, granite, and most other types of rock, and it is used as 

an abrasive blasting agent. Silicosis is a progressive, disabling, and often-fatal lung disease. 

The recent ruche market of asphalt and concrete maintenance has prompted a new look at 

the exposures that this respirable dust creates. Bergman Companies, Inc. is an asphalt and 

concrete maintenance company that 0 perates in Eau Claire, Wisconsin. The process of asphalt 

grooving and filling with asphalt crack filling creates a major respirable dust exposure to humans 

and environment. 

Background 

Ten years ago the Minnesota Department ofTransportation tested the effectiveness and 

results from installing expansion joints in asphalt surfaces (Bergman Companies, 2007) . After 

some analysis, it was determined to be effective and was comparable to the activities done to 

concrete. The main reason for creating these joints is to prevent cracking and blistering which eat 
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away at the road as cars move over them. Water getting trapped in cracks will also destroy the 

road. 

Bergman Construction has created a company that mainly does asphalt maintenance and 

repair work within the Midwest area (Bergman Companies, 2007). The company that had started 

more than 100 years ago has done an excellent job ofcreating a timely and much needed service. 

They have been doing asphalt maintenance, and recognized this as a great alternative to 

resurfacing. 

When Bergman repairs asphalt cracks or expansion joints they require a process that saws 

into the asphalt (Bergman Companies, 2007). When the asphalt surface is sawed using a stacked 

saw blade of three, the respirable dust becomes airborne. This respirable dust creates a danger to 

health and human safety, the environment, and private property such as houses, cars, etc. 

The dust that most adversely affects humans is respirable dust with a size range of about 

4 microns or less (OSHA, 2007). Additionally, the dust created by the asphalt repair process can 

contain crystalline silica. Respirable crystalline silica is known to be an environmental 

contaminant, is a known carcinogen to humans, and is the chief cause ofsilicos is. Additionally, 

the silica exposure has caused damage to houses in the area, requiring Bergman to pay an outside 

cleaning company to clean up the dust in the house. 

Purpose ofthe Study 

Misting techniques to eliminate/minimize respirable dust exposure from asphalt cutting 

procedures will be evaluated. The study will allow the researcher and Bergman to look at the 

effect of introducing finely misted water into the atmosphere around the blade and below the saw 

area to minimize respirable dust created by the use ofthe asphalt saw. 
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Goals of the Study 

In order to evaluate the effectiveness ofn;tisting to control dust levels during asphalt 

cutting, the following specific steps will be taken: 

1. Determination ofwhat levels of misting are most beneficial and feasible for 

asphalt cutting. 

2. To look at the before and after respirable dust levels to gauge effectiveness of the 

misting controls. 

Significance 

The main issue regarding the process of sawing the asphalt surface is with the release of 

respirable dust that is a known human carcinogen (OSHA, 2007). The respirable dust (less than 4 

microns) travels through the bronchial tubes into the alveolar sacs ofthe lungs. The dust created 

has friable crystalline silica that has been classified as a human lung carcinogen (MSHA, 2007) . 

One ofthe main reasons to look at the asphalt sawing actions is that not a great deal of 

engineering controls or information that has been calculated on this particular exposure since it is 

very umque. 

This exposure happens every year all over the Midwest on cars, houses, passersby, and 

employees that work on the site. Bergman as a company is very proactive in employee health 

and safety, and this is another instance where they do not have to do something but are looking 

for options to improve themselves. Gaining an understanding of what concentrations Bergman is 

dealing with in regards to silica dust and what engineering techniques they can implement to 

mitigate exposure will greatly minimize their risk. 
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Assumptions ofthe Study 

The researcher will have enough analysis time to complete a thorough investigation and 

use thorough techniques to concentrate on the exposure and mitigation. The researcher will have 

total access to Bergman regarding implementation equipment and on site analysis, and testing. 

The methods chosen will provide an in-depth analysis into the exposure and information of 

effectiveness of controls. 
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Definition ofTerms 

Acute. In medicine, an acute disease is a disease with either or both ofa rapid onset, or a 

short course as opposed to a chronic course (MSHA, 2007). 

Asphalt. A black mixture of asphalt and petroleum used in roofing and roads (OSHA, 

2007). 

Atomization. Atomization is reduction of water to minute particles (Beamer, 2005). 

Chronic. A persistent and lasting disease or medical condition, or one that has developed 

slowly (MSHA, 2007) . 

Crystalline. Being relating to, or composed ofcrystal or crystals (MSHA, 2007). 

Fibrogenic. Fibers being produced from silica (OSHA, 2007). 

Friable. Easily crumbled, pulverized, or reduced to powder (MSHA, 2007). 

Maximum Exposure Limit. Refers to the most any human being can ingest, inhale, absorb, 

or takeover levels of an exposure that will cause serious or permanent health damage (MSHA, 

2007). 

Microgram (mg). Metric measurement that is 1/J.000.000 ofa gram. The most common 

usage in measuring mass for concentration (OSHA, 2007). 

Respirable dust. Dust particles that are small enough to travel deep into the lungs. 

(OSHA, 2007). 

Short Term Exposure Limit (STEL). The most exposure that is allowed for worker 

exposure (OSHA, 2007). 

Silica. Silicon dioxide or silica has been known to create a disease called silicosis 

(MSHA, 2007) . 
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Silicosis. Silicosis is a respiratory disease caused by inhalation 0 f sil ica dust, which leads 

to inflammation and scarring ofthe lung tissue (OSHA, 2007). 
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Chapter II: Literature Review 

Examining techniques used in eliminating/minimize respirable dust exposure from 

asphalt cutting procedures is the main focus of the study. The researcher will now look at the 

means and methods for the main thrust ofthe study. 

Respirable Dust 

The dust generated from road construction contains solid particulate that can be carried 

by air currents. The particulate is generated in a variety ofways such as grinding, crushing, or 

impacting. The type of particulate that the researcher is looking at is fibrogenic dust that is 

biologically toxic and can form scar tissue and harm proper lung function if retained in the lungs. 

Dust is classified into three primary categories (OSHA, 2007): 

I.	 Respirable dust - This is the worst ofthe dusts , being able to travel past the human traffic 

stops such as the mucous membranes of the nose and the bronchial passageways. The 

researcher is testing concentrations of respirable dust and the before and after effect of 

misting contro I on the levels. 

2.	 Inhalable dust - This is dust that is able to be inhaled through the nose or mouth but is 

usually stopped by these membranes. 

3.	 Total dust - This is everything thing else that is derived from the definition ofdust. 

The respirable dust that travels past the nose and upper respiratory system, and if it 

contains silica it can cause the disease silicosis (OSHA, 2007). The respirable dust samples 

analyzed in this report potentially contain respirable silica being introduced into the 

environment. The researcher is asssuming that the exposure of the respirable dust will contain a 

certain amount of silica, and with inherent health concerns. The asphalt surface which may 
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contain silica materials when introduced to the saw and seal process is kicked into the air, 

making the respirable dust a great hazard (Rappaport, 2003). 

The composition of asphalt has a certain percentage of silica in it; therefore it is assumed 

that silicosis is a hazard. This is a controversial issue for OSHA and the safety and health 

industry when this process is happening (OSHA, 2007). 

Respirable Silica 

The term "respirable silica" is used for silica particles that are small enough to be inhaled 

and stored in the deep part ofthc lung (OSHA, 2007). Respirable silica is a hazard but not until 

recently has the exposure been measured and studied so precisely. The type of asphalt surface 

cutting that Bergman does typically generates respirable crystalline silica. 

Silicosis is caused by exposure to respirable crystalline silica dust. Crystalline silica is a 

basic component ofsoil, sand, granite, and most other types ofrock, and it is used as an abrasive 

blasting agent. Silicosis is a progressive, disabling, and often-fatal lung disease. Cigarette 

smoking adds to the lung damage caused by silica. 

Silicosis is the main disease that humans get from breathing dust that has silica dust in it from an 

overexposure (CDC, 2007). lfworkers are inhaling too much respirable dust, it will cause scarring of the 

lungs which results in silicosis. Lung damage is permanent from respirable dust and eventually breaks 

down the lungs which could cause death. Lung damage may be permanent and disabling and may lead to 

death. Almost 300 workers die each year in the United States from silicosis and many hundreds will 

become disabled from this disease. Approximately 1,000,000 workers will be at risk for exposure for 

silica dust and developing silicosis (OSHA, 2007). There is no cure for silicosis , but it can be prevented 

(CDC, 2007). 
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There are several stages of silicosis (MSHA, 2007). Early in the disease, the signs will go 

unnoticed. Through continual exposure, the person affected might notice shortness of breath 

upon physical activity, and with this fever and a bluish appearance of the skin, ears, and lips will 

appear. Silicosis will break down a body's natural defense systems and make them more prone to 

infections in the lungs. The disease will then lead to fatigue, more evident shortness of breath, 

appetite loss, and chest pains, which all will lead to death. Acute silicosis will develop ifthe 

worker is exposed to very high levels of silica over a long period of time. Chronic silicosis 

usually will manifest itself 10 or more years after the exposure to moderate levels of silica. 

Additionally, breathing crystalline silica dust can cause silicosis, which in severe cases 

can be disabling, or even fatal (OSHA, 2007). Silicosis happens in three ways, acute, chronic, 

and sub chronic. The respirable part of the dust will enter into the deep lungs and scar the inside 

them causing permanent damage. There is no cure for silicosis in human beings. Silicosis which 

affects the lungs people will be more prone to serious infections (OSHA, 2007). 

This information shows that even at small doses over time this disease can affect the 

people that are in the area and would have had a high dosage of the silica dust in their lungs from 

the activities around them. The data also shows that years after exposure symptoms arise from 

the exposure from silica. 

Training and Identification 

Workers on a job site with crystalline silica will have carried this from their clothes into 

their car, and into their homes. Another victory that safety and health professionals can have over 

the silica exposure is proper training and education about risks and what their workers can do 

about it. Informing and training ofemployees is required by 29 CFR 1926.21 Safety Training 
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and Education, 29 CFR 1926.59 Hazard Communication, and 29 CFR 1910.1200 Hazard 

Communication (OSHA, 2007). 

Employees must be educated in the recognition and avoidance of the unsafe conditions 

concerning crystalline silica (OSHA, 1998). Presenting information about what effects 

crystalline silica has on workers' physical and health hazards will also give workers an 

understanding of why training on this is important, and what controls the company recommends 

to keep the workers safe. 

Following are examples ofsome of the other things that the CFR 29 CFR 1926.21 calls 

for (OSHA, 2007): 

•	 Have employees trained on leaving and coming onto jobsite that would have silica 

exposure. 

•	 Have a detailed hazard communication program about silica and information about 

labels, and material safety data sheets (MSDSs). 

Instruction on the employer's PPE and respiratory protection programs, including 

selection, inspection, use, limitations, and maintenance ofrespiratory protective devices (Cecala, 

2007). Housekeeping can help with identification of the extent to which silica exposure is 

happening in the workforce. The simple task of noticing employees dusting themselves off after 

the workday is notice of a possible dust exposure. Housekeeping can provide a direct indication 

of the extent to which hidden safety and health problems are likely to be present in the 

workplace. Noticing these hazards will help with maintaining a god health and safety work 

program. 

Below are some of the ways government calls for housekeeping. 
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Housekeeping: Removing dust on counters, floors, and tools is an important resource for 

reducing respirable dust (Cecala, 2007) . 

• Do not use compressed air to clean up dust. 

• Use a wet vacuum with a high efficiency particulate air (HEPA) to minimize exposure. 

• Use a wet rag to clean surfaces. 

Using these methods will help identify changes that could be made and complement the 

company's current health and safety program. 

Silicosis is a chronic, debilitating and eventually fatal disease that can result from the 

occupational exposure of affected workers to crystalline silica . Employee exposure to potentially 

harmful concentrations of crystalline silica can be readily prevented by the development and 

implementation ofan employee silica exposure prevention management plan in affected 

workplaces. 

History ofProcedures 

The highway repair industry was studied recently and describes an emerging public 

health concern regarding silicosis. Valiante examined construction trends, silicosis case data, 

exposure data, and environmental problems that have become of silica and what has happened 

(Valiante et aI, 2004) . 

What Valiante looked at is identical to what Bergman is experiencing when they are 

doing their saw and seal process. The type of activities what they are doing creates exposures to 

the workers, environment, passersby, cars, and other people. This is a large population that is 

affected and controls should be in place to help mitigate these hazards. 
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Emerging silicosis cases and their cause have recently become known in the construction 

industry. The construction industry has changed quite a bit, and a new method like Bergman's 

saw and seal process poses health hazards to employees and public. 

Currently there is a massive effort on repairing the national highway system's 

infrastructure that is rapidly deteriorating (Valiante et al, 2004) . The national highway system is 

composed of roughly 163,000 miles of roads that need repairs. Some of the older highways 

began 20 to 40 years ago, and are constantly being repaired. The federal highway conditions are 

also rated by the highway performance monitoring system (HPMS), and have reported to 

congress in 1994 that more than half of them are fair to poor conditions. 

Repairing an asphalt crack or expansion joints necessitates a process that first saws the 

asphalt (Bergman Companies, 2007). The typical saw and seal process utilizes saws that are 

cutting between 28 and 34 feet per minute. Highways generally have driving lanes that are 12 

feet wide with 2 - 4 foot shoulders. Roads are typically cut one lane at a time including the 

adjoining shoulder. The saw is capable of cutting 14 feet of asphalt in 30 seconds. After the saw 

blade is raised it travels 40 feet to perform the next cut. 

A look at highway construction trends, silicosis surveillance case data, and environmental 

exposure data is used to evaluate the risk of silicosis among highway repair workers (Valiante, 

2004). 

Controls 

While the mining industry has long been using water controls to control silica dust, the 

construction trade has seen little grasp of this potentially great control. Using water to suppress 

dust is very effective and most widely used (Washington State Department of Labor and 



13 

Industries, 2007). Most grinders can produce great amounts of dust. Successful ones have been 

adapted to control this exposure by using a water-fed system (Akbar-Khaanzadeh et al, 2001). 

When using these water controls, proper drainage must be addressed. Also the use of 

electrical equipment with water requires grounded equipment, ground fault circuit interrupters 

(GFeI), routed electrical cords, and good maintenance (Washington State Department of Labor 

and Industries, 2007). 

Water controls that have been implemented have shown to be the best alternative to other 

methods (Washington State Department of Labor and Industries, 2007). These controls, while 

great, also have had a wider scope that was listed as the electrical conductivity issue. The sawing 

process in the construction industry has been proven to be effective and reductions have been 

measured. 

The efficiency of water suppression on cut-off saws has been measured in controlled 

laboratory conditions. The dust control which used water reduced thc average concentrations by 

a factor of three to seven times. The control systems reduced the respirable levels by 90%. 

(Thorpe, Ritchie, Gibson, & Brown, 1999). 

Silica exposure can be controlled very effectively through proper training identification, 

administrative, PPE, and engineering controls. 

OSHA lists the main ways to take actions is the company identifies a silica hazard. 

1. Use a silica substitute 

2. Usc engineering controls 

3. Improve work practices 

4. Use PPE 
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These options will not provide a permanent solution and constant looking at alternative 

options are a must (OSHA, 2007) . 

Another great way of controlling exposure is to benchmark with other companies. Even when 

looking at creating a good benchmark for a company's silica control system you need to have a 

good mix of small and large companies and even sometimes the largest companies are not the 

best. 

The Department of Energy had a project in Yucca Mountain where over a thousand workers 

worked in conditions where silica levels were elevated for many years (Dawson, 2004). One of 

the workers testified to the inspector general about the problems he was having as a result of the 

working conditions he was exposed to. The Department of Energy assigned an investigation 

team to look at the project, and it was later found that the site had water controls in place but did 

not use them at all. The management team at Yucca Mountain inadequately informed their 

workers about the risks they were facing , and did not require them to wear any PPE. 

The Department of Energy stated that "Silicosis is a 100% preventable disease" and was 

negligent in identifying the exposures, which resulted in deaths (Dawson, 2004) . A democratic 

Senator, Harry Reid, was very irritated by this report because his father suffered from silicosis, 

and this action by the Department of Energy was very poor and criminal ofthem to do. 

Misting Controls 

Misting controls have been quantified in laboratory conditions with fantastic results. 

Beamer, Shulman, Maynard, Williams, and Watkins (2005) conducted their study using a brick 

cutting saw and tested for respirable dust using an atomizing nozzle. They measured reductions 

from the low mist to be 63%. The medium nozzle presented a 67% reduction, 79% using a high 

mist nozzle . When constant water was placed over the saw measurements of93% were achieved . 
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The most notable reduction, 93%, resulted from having constant water being placed over the 

blade. 

Because of Bergman's special tasks, they cannot have continuous water pouring out onto 

the blade or the asphalt surface. The Beamer et al. study provides valuable information for 

Bergman as they can still achieve levels that will greatly reduce the exposure so that it can be 

engineered out ofthe machine. 

Another study ofcontrolling respirable dust from a roofing operation by workers cutting 

tiles will show the effectiveness using water controls (Valladares-Carlo, 2000). The researcher 

had a comparison with a local exhaust system and a water control. They tested when no control 

was used, water control, and a local exhaust control. The study was very precise and had a very 

small margin or error. The reduction that has been shown was 99%, which confirms many other 

theories on water controls for controlling respirable dust. 

Echt et al. (2003) examined the effect of local exhaust or a water control on a 

jackhammer. They used a 60 and 90 pound jackhammer for the test with water control, vent 

shroud, custom shroud, and no control. The local exhaust showed reductions of 50 to 60%, while 

water had 70 to 90% reduction levels. They recommended using water as a control device and 

further research. 
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Chapter Ill: Methodology 

The purpose of the study is to minimize respirable dust exposure during asphalt 

operations. The goals of the study are to analyze the effectiveness ofa misting contra I by 

determining the before and after respirable dust levels. This chapter will outline the process and 

the testing area and methods used to conduct the research study. 

Selection ofSampling Area 

The sampling area will be selected on a few different factors, including the following: 

1. Availability of a job site that was using saw and sealing process. 

2.	 Favorable weather conditions, to decrease the amount of influence that ambient 

conditions would influence testing. 

Data Collection Procedures 

The researcher will be doing an exposure sample for cuts that are 6 feet long and taking 5 

samples. The researcher will be using an SKC pump S.N. 439t37 at a flow rate of2.5 liters per 

minute (lpm) that meets ACGIH/ISO/CEN respirable curve flow rate: 2.5 lpm (nominal 050 = 

4.0 urn), polycarbonate 25mm. filters, SKC cassette assemblies, attached to an SKC aluminum 

cyclone No 225-01-01 specified in NIOSH Method 7500 for silica and NIOSH 0600 for 

respirable particulates (SKC Inc, 2007). 

The cyclone will be tested to extract only particles of4 microns onto the filter. The 

respirable dust that will be measured will be weighed on a CAHN 28 microbalance from the 

filter paper. The cutting saw was a Magnum Industries ride on saw with a 25 horsepower engine 

and a 12 volt hook up. The control has a 12 Volt pump that produces 60 psi of pressure and hose 

connections of W' to 3/8" to a nozzle of.l O"size to create the fine spray that goes directly onto 

the blade. The nozzle connection was chosen for its potential size ofwater mist it will create a 
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size of .l 0 inches. It will be spraying directly onto the saw blade and creates a mist that should 

work for the sample. The hose connection with the nozzle will be placed through the rubber 

protection shroud on the side of the saw blade. The hose connections are from 12" from the inlet 

to 3/8" on the outlet side with brass connections, steel cranking tension straps, and thread locking 

tape placed on the nozzle because of the tensile strength of the two metals in combination. The 

tank which used was a 15 gallon igloo cooler capacity can be easily filled on the job and a 

FRAM fuel filter model No g9370. It should be noted that the filter was chosen mainly to filter 

the water coming into the pump, and the flow was tested with the filter in place. The filter will be 

placed just outside the cooler to control the potential particulate from lake water or ditch water; 

this allows the workers to not rely on having clean water for the contro I. The materials chosen 

will allow for quick replacement and low cost control techniques. 

The testing equipment will be place on a 4 foot long metal rod welded to the shroud and 

at the end the cyclone was placed for collection procedures. A second sample was taken at the 

point source to be able to compare the numbers and get more data. The pump was run for a cut 

that was 6 feet in length and lasted 3 minutes. The misting nozzle was measured to be 6 inches 

away from the blade. The nozzle which was .10 inches was selected based on availability and 

time needed to get a different nozzle. The incredibly fine stream of water when positioned in the 

rubber shroud was aimed at the blade. The aiming of the nozzle spray at the blade created an 

immediate atomization ofthe water, because it was hitting the spinning blade. The nozzle which 

was provided by Bergman was a jeweled crystal nozzle able to take up to 40,000 pounds per 

square inch. The cyclone was positioned 4 inches away from the shroud for the point source 

measurements. That way the measurements that were taken would have the least amount of 

outside interference from a wind or objects. 
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Sampling Techniques 

Five samples were taken for the baseline measurements. This was chosen to get a good 

statistical analysis and show a trend in the numbers. Five samples were also taken for the control 

method and were chosen because to give a good comparison between the two of them. The pump 

was positioned in the point source location to get the most accurate data from the before and 

after control measurements. Being so close to the shroud ofthe saw gave the researcher better 

numbers as far as data collection, because the wind factor would not have interfered with the 

sample as much. The area monitoring location was selected just to be far enough from the saw 

shroud and near the operator or employees that would be working around the saw operation. This 

should be noted the area monitoring would be a good measure for life safety ofother persons 

around the activity. 

The operator was chosen and a constant speed was given so the sampling methods would 

give a good representative sample. 

Data Analysis 

The data analysis was done using Microsoft Excel. The data that was analyzed was from 

the weight of the filters. All of the information was collected and analyzed after human subjects 

form was approved from Research Services 152 Vocational Rehabilitation, UW-Stout, 

Menomonie WI, 54751, 715-232-5000. 

Limitations ofthe Study 

The limitations of the study could include many factors: 

1.	 Appropriate weather conditions that have minimal wind for the best data collection 

procedures. 

2.	 Availability of testing equipment 
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3.	 Availability of Bergman's equipment in working order, and a certain amount of help 

in choosing the right nozzle and being able to let the researcher use nozzles of theirs 

for research. 

4.	 The operators of the sawall run with different speeds and sometimes cut depth varies 

between operators. 

Calculations 

When calculating the concentration of the samples a formula is used to get the desired 

numbers. The sampl ing data was calculated like this for example with no control in place: 

Sampling time = 15 minutes 

Sampling Rate = 2.5 lpm 

Mass collected minus blank = 1.5916 mg 

2.51pm * (5 measurements * time for each measurement 3 minutes) = 37.5 liters (L) 

Concentration = mass/volume 

Volume = 37.5 L * (lm3/1000L) 

Volume = 0.0375 m3 

Concentration = 1.59l6mg /0.0375m3 

Concentration == 42.442 mg/m3 



20 

Chapter IV: Results 

The study will allow the researcher and Bergman to look at what effect misting 

techniques have to reduce dust during the asphalt cutting process, The data that will be collected 

will be managerial, analytical, and responsive. The saw cannot be just sprayed with a large 

constant water supply, because the asphalt needs to be dry to bond correctly. The data will serve 

for implementation techniques and give information on the chosen method. With the current 

controls in place Bergman could minimize exposure to humans and environment greatly 

reducing cost of cleanup or potential workers compensation costs. 

Conversations with Bergman have indicated that the respirable dust exposure is at the top 

of their list of health and safety projects they have identified as important to controlling. 

Goals ofthe Study 

1. Determination of what levels ofmisting are most beneficial and feasible for asphalt 

cutting. 

2. To look at the before and after respirable dust levels to gauge effectiveness of the 

misting controls. 

Analysis was performed by sampling the air with no control in place and with control in place. 

The researcher measured respirable levels at the 4 micron size, because this is the 50% effect that 

the population will be affected by respirable dust. 

Data collection 

The data shows consistently favorable results (see Figure I), which shows the levels of 

dust reduction that were achieved in rng/rrr', Appendix A for the detailed breakdown ofdata 

collected. The effectiveness of the control was evaluated by showing the percentage in reduction 

of respirable dust levels (see Table I). 
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Figure I Average Concentration ofDust Collected with and without Controls 

Reduction Levels in mgJrn
3 

Compared to With and Without Control 

45 
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----- ------ ----- -------

Point Source No Area Monitoring No Point Source With Area Monitor ing With 

Control Control Contro l Control 

Table 1 Effectiveness ofControl 

Positions o f Readings Levels in mg/m3 Efficiency of Control 

Point Source No Control 

Area Monitoring No 
Control 

Point Source with Control 

Area Monitoring with 
Control 

1.326 n/a 

.5193 n/a 

.799 66.0% 

.1016 80.4% 
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Control 

The controls that will be recommended should stay within the weather limitations. The 

sealant materials may be placed during a period of rising temperature after the air temperature in 

the shade and away from artificial heat sources has reached 40 degrees Fahrenheit and 

indications are for a continued rise in temperature. During a period of falling temperature, 

placement of the sealant material shall be suspended until the above conditions are met. During 

the sealing operations, water must not be collected in the joints because if they are sealed in the 

joint it will cause cracking and expansion during colder and warmer temperatures. This is the 

largest issue with introducing water control technologies to asphalt saw and seal. For this issue a 

technique must be introduced that creates water close to the 4 micron size so it bonds with the 

silica and just drops to the ground and does not become airborne. 
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Chapter V: Conclusions and Recommendations 

A look at techniques used to eliminating/minimize respirable dust exposure from asphalt 

cutting procedures will quantify effectiveness of reducing dust levels. The study allowed the 

researcher and Bergman to look at the effects of a technique used by placing water into the 

atmosphere around the blade area to get the most significant minimization effect. The data that 

was collected was managerial, analytical, and responsive. The saw cannot just be sprayed with a 

large constant water supply, because the asphalt needs to be dry to bond correctly. The data will 

serve for implementation techniques and give information on the chosen method. With the 

current controls in place, Bergman could minimize exposure to humans and the environment, 

greatly reducing cost of cleanup or potential workers' compensation costs. 

Goals ofthe Study 

I. Determined what levels of misting are most beneficial and feasible for asphalt cutting. 

2. Looked at the before and after respirable dust levels to gauge effectiveness of the 

misting controls. 

Sampling Techniques 

The researcher did an exposure sample for respirable dust from an asphalt saw. The cuts 

are 6 feet long, and took 5 air samples. The researcher used an SKC pump S.N. 439f37 at a flow 

rate of2.5 Ipm Meets ACGIH/ISOICEN respirable curve flow rate: 2.5 Ipm (nominal 050 = 4.0 

11m), polycarbonate 25mm. filters, SKC cassette assemblies, attached to an SKC aluminum 

cyclone No 225-01-01 specified in NIOSH Method 7500 for silica and NIOSH 0600 for 

respirable particulates (SKC Inc., 2007). 

After the samples were taken, the researcher measured the content on the filters to 

determine the levels of respirable dust. The misting apparatus was chosen by spraying directly on 
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the saw blade to get the fine mist. The nozzle was located through the front ofthe rubber shroud 

of the saw blade. Further research by placing the nozzle in a fixed position would give a greater 

margin oferror. The two testing points were listed as a point source and air monitoring positions. 

The point source area was located 4 inches away from the blade, and positioned so the dust 

would be blowing right into the filter area. This was done to get the most dust moving past the 

cyclone thus to minimize the error of wind to the equation . The area monitoring was a tricky one 

to analyze. 

Limitations 

It should be noted that because the measurements were not taken in a lab environment the 

results for the air monitoring need to be analyzed in a better area than outside. The air monitoring 

measurements did have particulate on the filters but the researcher feels as though because air is 

more likely to be blowing around the cyclone the results would be tough to analyze. The results 

that the researcher did get even tough some ofthe variables existed were met with promising 

results from both areas of sampling. The reason two areas were tested were to give an analysis of 

the difference of right by the blade area and around the saw itself to give two measurable points 

that the researcher could look at. 

The results gathered gave some good results as far as numbers. More samples were taken 

but it started to rain and moisture got on 10 ofthe samples so only those that were not tainted 

were taken for lab analysis. The moisture that collected on the filters would affected the numbers 

and given an unrealistic view into the effectiveness of the control. 

Five samples were taken for the control method to give a good comparison between the 

two of them. The experiment should have had 10 samples for both areas but, as stated before, the 

rain did present a problem towards the end and the researcher did not do any analysis of those 
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samples. The SKC cyclone did work great for this type of work because it was dialed in to 

collect respirable dust per the manufacturer's specifications of2.5 lpm. 

Data Analysis 

The data analysis was performed using Microsoft Excel and looked at the levels of the 

masses collected on the filters with concentrations as well. After looking at the results ofthe data 

collected, the operations should be looked at again with the control in place and measure more 

levels and try to get an all day sample from multiple machines if possible. The data that was 

collected gave a good sample ofthe levels during the operations, and showed correctly the 

effectiveness of the controls put in place. 

Conclusions 

The results from the experimentation would suffice a dramatic change in the levels ofthe 

respirable dust. It has been shown in multiple articles and health journals that a water-based 

control can greatly minimize or eliminate a respirable dust exposure. The saw and seal process 

industry has been getting larger in scale and more ofthese operations are in the United States. It 

can be said that the equipment and potentially the same issues would arise in the companies. 
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Discussion 

When the researcher was looking at the results and comparing the efficiency of the water 

control it was quite dramatic. When looking at the data when calculating out for the 

concentration like for the point source and getting 42.442 mg/rn' for respirable dust. The workers 

are dramatically over exposed at this time, even when taken from just this measurement. After 

the control was put into place, 25.568 mg/rrr' was recorded as the concentration of respirable dust 

at that time. Further analysis should be done on the content of silica in the asphalt altogether. It 

should be said that the measurements taken were to focus on reducing the respirable levels of 

dust. 

When the researcher was looking at the data collection part of the field problem, 

information was gathered about the possible dramatic effects of a water control if properly 

implemented. The exposure undoubtedly exists, and they have the employee riding on the saw 

wearing a powered HEPA filter which has been known to be one ofthe best ways to minimize 

exposure. The workers currently do not wear respiratory protection around the saw when they 

are either blowing out the crack or seal coating the crack. A simple half mask particulate filter 

with a rating ofN95 could really minimize the exposure along with the implementation of the 

control. The list of safety controls follows like this as engineering being the best next would be 

work practice controls, then PPE, and finally administrative controls. Engineering out the hazard 

is the best way because elimination of the task would mean the company would go out of 

business and is not viable to anyone. Substitution would not work at this time as the roads they 

will be repairing are the same all over the United States. A good mix of the engineering and 

basic PPE would be the best method going forward for the asphalt maintenance industry. 
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The researcher also found out that the position ofthe control which was affixed in the 

rubber shroud of the saw cover could be in a fixed position in the metal part and get different 

results. It should be noted that as far as the flow ofwater or even the hole of the nozzle could be 

increased. There was no water residue on the surface and which would lead the researcher to 

believe it could handle quite a bit more water. As the machine was cutting through the asphalt 

the saw was kicking up larger pieces of asphalt because the pavement is not a consistent surface. 

Having looked at the possibility of reducing the dust exposure to humans and the environment 

the cost effective control that was tested would work great. 

With the results gotten from the nozzle in the shroud it is possible to say that a design that 

would eliminate the movement would also have a greater effect on reducing the levels of 

respirable dust. The control should be looked at further to get better analysis on various locations 

and condition to get a more stratified example of all asphalt cutting condit ions. 

A Yahoo search for asphalt seal companies results in 389,000 matches. The information 

would show that most of the references are information about the process towards the end but it 

can be said that there are a lot ofcompanies in the United States doing the same thing and 

probably getting the same results. 

The information that was gathered gave a decent representation of what can be 

accomplished while implementing a water control to this process. 

Recommendations 

With the controls for the respirable silica in place, a dramatic change in the levels of 

concentration was noted. The data as presented shows very good effectiveness of the control and 

that it should be implemented. 
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The best way to gauge the control is to have it in a controlled environment so that factors will 

not present themselves. The testing conditions at Bergman were on nice weather days, but when 

dealing with respirable dust being very small it acts differently than other nuisance dusts. This 

researcher's recommendations are as follows: 

•	 To look further at the misting control as a method for controlling respirable dust
 

exposure.
 

•	 Further testing on the machine and control to get more samples. 

•	 Further training on the hazards facing the workers around the asphalt saw and seal 

process 

•	 Re-analysis of the water control to take numerous samples throughout the entire
 

workday.
 

•	 Testing conditions with no outside exposure to the elements would give the best data to 

support better controls and to gain potentially more effectiveness in reducing respirable 

dust levels. 

The operation as it sits right now has a good control for the operators using a powered 

HEPA filter that will take away a good amount of the exposure. There is still no engineered 

solution for workers around the saw and the general population that would potentially be 

exposed to the high levels of respirable dust. Respirable dust has been shown to cause diseases 

and if the dust has been containing with silica it will produce silicosis . Silicosis is a very serious 

disabling disease that is a growing trend in the world health population. 
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Areas ofFurther Research 

Following are recommended areas of further research: 

•	 The exact composition of asphalt as it pertains to silica and if there is a change between 

highway systems and even states. 

•	 More analysis of the water control to get more flow to the blade and have it placed in the 

metal shroud so there is minimal vibration that brings the water away from the blade. 

After completion of the research it has been shown that the water control helps dramatically 

reduce the levels of respirable dust during asphalt saw and seal process . The results proved that 

there will be an affect on the levels, and more research should be done to see how much water 

can be introduced until the water almost pools up on the ground. That would be the defmitive 

success in implementing this control better. There is a lot of potential for the success of this 

process to be implemented with key benefits to health and environment. 
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Appendix A: Data 

Point Source Values from Base Level Readings 

Filter Cassette # and 
Balance Checks 

Pre esting Weight 
(mg) 

17.456 

After Experiment 
with No Control 

(mg) 
19.874 

Weight of Dust with 
No Control (mg) 

2.418 

2 18.12 16.154 1.034 

3 18.113 19.437 1.324 

Zero Check 0.001 0.001 n/a 

4 20.609 22.543 1.934 

5 18.113 19.596 1.483 

Mass Check 199.999 199.998 n/a 

Average Weight n/a n/a 1.638 

Total Mass 
Collected Minus 
Blank 

n/a n/a 1.591 
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Area monitoring Values from Base Level Readings. 

Filter Cassette # and 
Balance Checks 

Pre esting Weight 
(mg) 

20.111 

After Experiment 
with No Control 

(mg) 
20.779 

Weight of ust with 
No Control (mg) 

0.668 

2 19.876 19.966 0.09 

3 18.549 20.117 1.568 

Zero Check 0.002 0.001 n/a 

4 16.001 16.014 0.013 

5 16.897 17.844 0.947 

Mass Check 199.999 200 .001 n/a 

Average Weight n/a n/a 0.657 

Total Mass 
Collected Minus 
Blank 

n/a n/a 0.623 

Blanks for Base Level Readings. 

Position of Pre-Weight (mg) Post Weight (mg) Mass (mg) 

Measurement 

Blank for Po int 17.22 17.267 0.047 

Source 

Blank for Area 20.344 20.378 0.034 

Monitoring 
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Point Source Values after Control Implementation. 

Filter Cassette # and Pre esting Weight After Experiment Weight of Dust with 
Balance Checks (mg) with No Control No Control (mg) 

(mg) 
18.425 19.461 1.036 

2 15.999 16.448 0.449 

3 16.845 17.794 0.949 

Zero Check 0.002 0.001 n/a 

4 20.619 21.498 0.879 

5 19.743 21.264 1.521 

Mass Check 200.001 200 n/a 

Average Weight n/a n/a 0.966 

Total Mass n/a n/a 0.958 
Collected Minus 
Blank 
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Area Monitoring Values after Control Implementation 

Filter Cassette # and 
Balance Checks 

Pre-Testing Weight 
(mg) 

After Experiment 
with Control (mg) 

Weight ofDust with 
Control (mg) 

16.948 16.956 0.008 

2 16.666 16.879 0.213 

3 20.18 20.199 0.019 

Zero Check 0.001 0.002 nla 

4 19.34 19.78 0.44 

5 18.562 18.587 0.025 

Mass Check 199.999 200.001 nla 

Average Weight nla nla 0.141 

Total Mass nla nla 0.122 
Collected Minus 
Blank 

Blanks for Control Experiment. 

Position of Pre-Weight (mg) Post Weight (mg) Mass (mg) 

Measurement 

Blank for Point 18.846 18.854 0.008 

Source 

Blank for Area 19.481 19.5 0.019 

Monitoring 


